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THE ROMANCE AND HISTORY OF THE 

ELECTRIC TELEGRAPH. 

A. H. ROBERTS. 

PART VI. 

IN chapter IV., the story of multiplex telegraphy was com­
menced by a reference to Newton's patent "Electrepode." In 
point of time, this was followed by M. G. Farmer's multiplex, 
which \vas patented in America in 1853, and by Burnett's multi­
plex, a specification of which was filed in this country in 1860, as 
related by Mr. H. H. Harrison in his lecture on "The historical 
basis of modern printing telegraphy." 

These inventors were rather in advance of the times, as the 
requirements of the public could be satisfied by less complicated 
installations, but a few years later traffic increased to such an 
extent that there was a natural demand for increased output on 
long-distance circuits. There were two ways of meeting this 
demand: (a) By fast speed automatic transmission, and (b) by the 
adoption of multiplex methods. At this juncture, M. Meyer intro­
duced his well-known quadruple multiplex, which was exhibited at 
the Vienna Exposition in 1873. 

Several circuits on the Continent were worked on the Meyer 
system with a fair measure of success, but it \vas evident that in 
many ways improvement was essential before m_ultiplex working 
could be regarded as a reliable and accurate method of communica­
tion. Engineers of many nationalities were keenly interested and 
applied their energies to the solution of the many mechanical and 
electrical problems which this tentative trial disclosed. 
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THE ROMANCE AND HISTORY OF THE ELECTRIC TELEGRAPH. 

THE BAUDOT SYSTEM OF MULTIPLEX. 

The most brilliant work in this direction was performed by 
M. Baudot, a Frenchman, who in 1874-5 produced a type-printing 
multiplex of remarkably ingenious construction. Baudot wisely 
adopted a code in which the signals for each printed character 
consisted of an invariable number of line current impulses. 

It has already been stated that Messrs. Gauss and Weber, by 
omitting certain letters of the alphabet, constructed a code made 
up of four such units, but for the purpose of handling public 
telegrams the complete alphabet was necessary and Baudot used 
a fifth unit which provided the extra number of permutations 
required. 

The following short biographical sketch of M. Baudot is mainly 
taken from an introduction to a lecture delivered by Mr. A. C. 
Booth to the Metropolitan Centre of the Institution of Post Office 
Electrical Engineers, in 1907 :-;-

Jean Maurice Emile Baudot· was born at Magneux (Haute­
Marne) France, on September r rth, 1845. After receiving a 
rudimentary education, he spent his youth on his father's farm, 
attending to agricultural affairs until he entered the French Tele­
graphic Service on July r6th, r870. There was at that time 
nothing to indicate his possession of the inventive genius ·which 
he subsequently developed, and it was only later on and con­
currently with his study of telegraphic apparatus that he under­
took to perfect his scientific education. In r872, two years after 
he had joined the Telegraph Service, Baudot first interested him­
self in the improvement of the telegraphs, his endeavour being to 
combine the advantages of a printing system, such as the Hughes, 
with those of a multiplex of the Meyer type. To this end, he 
adapted the code of Gauss and \i\T eber to his requirements. 

In the latter part of 1874, Baudot produced his first Receiver, 
but not having the means to fully realise his ideas he offered his 
invention to the French Administration, giving them the right to 
use it if they would adopt the system. Meanwhile, Baudot con­
tinued to perform his operating duties and to devote his time, after 
office hours, to research work. 

In June, r875, the French Administration accepted the offer 
and provided a limited supply of funds to enable the inventor to 
proceed with his investigations. At the same time, Baudot was 
relieved of operating duties and transferred to the Factory for the 
purpose of assembling an experimental set of his apparatus. The 
first trial took place during the same year and was sufficientlv 
encouraging to justify the construction

. 
of a five-channel equip­

ment. In r877, it \vas definitely decided to adopt the svstem for 
use in the national service. 

From that time, Baudot devoted his entire energies to the task 
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THE ROMANCE AND HISTORY OF THE ELECTRIC TELEGRAPH. 

of perfecting his instruments. When the Government grant was 
exhausted the enthusiastic inventor did not hesitate to draw on his 
own modest resources, even to the extent of pledging the g'old 
medal awarded to him at the International Exposition in 1878. It 
.is gratifying to recollect that when these facts became known to the 
authorities further financial assistance was immediately placed at 
Baudot's disposal. 

About 1887, Baudot designed a keyboard perforator and 
cadence transmitter for the purpose of introducing automatic 
signalling and thereby relieving the sending operator from constant 
attention to the cadence tap. There was no immediate demand for 
these appliances, but in 1903 it was decided that automatic trans­
mission should be given a trial on a French circuit and M. 
Carpentier, by effecting some modification of Baudot's plan, con­
structed instruments which were used experimentally in Paris in 
1906. 

NI. Baudot was promoted to the Legion d'Honneur in 1879, 
gained a diploma of honour at the Electrical Exposition in 1881, 

and in the folJ.owing year was appointed to the position of Inspect­
ing Engineer in the French telegraph service. 

Personally, M. Baudot was a modest, unassuming gentleman, 
who sought his pleasure in bard work and avoided the bright 
light of publicity which is sometimes regarded as one of the 
rewards due to the possession of unusual talent. Content to 
labour simply and honestly in that particular branch of electrical 
engineering with which his name will ever be honourably 
associated, M. Baudot unfortunately overtaxed his strength and 
contracted an illness from which he never recovered. To the great 
regret of his many friends this illustrious genius o.f the telegraphic 
world passed mvay on 28th March, 1903, at the comparatively 
early age of 58. 

In this country, the first set of Baudot apparatus was installed 
on an Anglo-French cable in 1897. The result was entirely satis­
factory, and other circuits to the Continent were soon equipped 
with similar instruments, but it \ms not until 1905, when Mr. A. C. 
Booth, of the P .0. Engineering Department, succeeded in duplex­
ing the system, that the Baudot was regarded as a prospective com­
petitor against the \,\/heatstone and other automatic fast speed 
methods on inland circuits. 

Notable advances had been made in speeding up the \,Vheat­
stone system by reducing manual operation to a low limit through 
the introduction of keyboard perforators, receiving perforators and 
printers, which will be more fully referred to later. Trials of these 
instruments had reached an interesting stage at the time the 
Baudot was duplexed, so it is not surprising that the latter had to 
await its opportunity. This came in l9IO, when the first inland 
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THE ROMANCE AND HISTORY OF THE ELECTRIC TELEGRAPH. 

quadruple duplex Baudot was established between London and 
Birmingham. Later on, the installation was converted to sextuple 
duplex, thus providing 12 working channels on a single circuit. 
The effect of this premier essay was so convincing that, year after 
year, the system was steadily extended to other centres until, by 
the development of forked circuits, it became the leading feature 
of the British telegraph service. 

Further development in the direction of automatic transmission 
at an increased speed has already been inaugurated, as in the case 
of the Murray multiplex and the vVestern Electric, both of which 
may be regarded as ingenious applications and extensions of the 
fundamental processes evolved by M. Baudot and developed from 
the duplex Baudot as used in this country, which embodies 
permanent duplex conditions of working as distinct from the 
French method of permanent simplex operation. 

Before passing to other subjects, mention must be made of the 

DELANY MULTIPLEX. 

This was one of the fe,,,- combinations in which the Morse code 
had been successfully adopted for multiplex working. Invented 
by an American engineer, the Delany was installed for use on 
several busy, long-distance circuits in this country about 1886. 

The system comprised many admirable devices; for example, 
the distributor brush, which revolved at a moderate speed, vvas 
operated by means of an electrically vibrated reed and La Cour 
phonic wheel to secure smooth and constant running. This 
proved so satisfactory that the same principle, applied in an 
improved form, is extensively used for a similar purpose to-day. 

The Delany was worked by key and sounder at a speed of 20 
to 25 words a minute on each arm. The number of channels varied 
from three to six, accorging to the length and electrical character­
istics of the line on whicF1 it was used. Originally it was a simplex 
system, but in 1901 Mr. S. A. Pollock, of the Post Office Engineer­
ing Department, developed a duplex tetrode set, which gave good 
service on a London-Liverpool circuit, and incidentally established 
a new record for this country in the volume of traffic transmitted 
by hand over a single line, 180 miles in length, during a period of 
eight hours. 

The abandonment of the use of the Delany multiplex by the 
Post Office in 1904 was not due to any inherent defect in the 
apparatus but may be ascribed to the necessity of providing con­
ductors of sufficiently heavy gauge to keep the time required for 
the propagation of the signals within limits which would render 
the service profitable. In addition, the opinion is generally held 
that the Morse alphabet, with its long and short signals, is 
fundamentally unsuited to multiplex conditions. The progress of 
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direct printing instruments has nmv rendered hand transcription 
a story of the past, so far as heavily loaded circuits are concerned, 
and future development is likely to proceed further in the direction 
of machine telegraphy for all but minor circuits. 

MoDERN vVHEATsroNE MErHoDs. 

The vVheatstone fast speed automatic system owes much of its 
modern popularity to the ingenuity of Mr. F. G. Creed, who was 
successful in a field of research which had baf-fled many of his 
predecessors. 

The problem which presented itself to acute minds was : " By 
what means can the received \Vheatstone signals be rendered 
capable -of producing a slip perforated exact! y as the original 
which is run through the transmitter at the sending station? " 
It was confidently anticipated that such an instrument would be of 
very great value and many endeavours were made, both in this 
country and abroad, to attain the desired result, but the difficulties 
were found to be almost insuperable as far as fast speed working 
\Vas concerned. l\Iore than one inventor produced an instrument 
which would operate at 30 to 40 words a minute, but at higher 
rates the prospect seemed hopeless. At this junc.ture, Mr. Creed 
took the matter in hand and by using compressed air to operate 
the mechanism, he was able to introduce a machine capable of 
working at lSO 'words a minute. This apparatus \lias taken up by 
the British Post Office in 1902. Six years later, Mr. Creed still 
further increased the speed to O\'er 200 words a minute. 

Not content with this notable achievement in labour-saving, 
i\Ir. Creed set himself the task of evolving a machine telegraph 
\vhich \vould translate the received \Vheatstone perforated tape 
into printed Roman characters. In spite of many difficulties this 
was successfully accomplished and by means of ingenious selecting 
mechanism any symbol represented in the Morse code auto­
matically printed the required sign in clear type. The combina­
tion of receiving perforator and printer, therefore, rendered it 
possible to convert any circuit worked on the \\rheatstone fast 
speed principle into a complete type-printing machine telegraph, 
\vithout in any way interfering ·with the ordinary line signalling 
arrangements. 

The Creed printer, like the Creed receiving perforator, was 
dependent on compressed air for its operation. In a later form of 
the instrument, a small air compressor was fitted to the base of the-­
printer, thus rendering the instrument self-contained and in­
dependent of an external pneumatic supply. i\ considerable 
number of sets of Creed equipment are still in daily use at larg·e 
telegraph centres, where the_v are principally utilised in receiving 
and printing news for delivery to the daily press. In a minor 
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degree, the system is also employed to dispose of any sudden influx 
of ordinary commercial traffic. 

The latest development in connection with Creed receivers and 
printers consists in dispensing altogether with pneumatic plant 
and runnina the newlv-designed instruments by small electric 

h " 

motors. A set of this fype is working on a vVheatstone circuit in 
the P .0. Court at the British Empire Exhibition. 

As concrete examples of what patient industry allied to 
mechanical genius can accomplish, the Creed instruments are 
unsurpassed. To the practical telegraphist, who is aware of the 
difficulties that had to be surmounted in the construction of these 
machines, the result must appear to be little short of marvellous. 

Another adjunct which gave an impetus to the Wheatstone 
automatic fast speed system was the keyboard perforator, which by 
the depression of a selected key punched the whole of the dots, 
dashes, and spaces to form the letter or other symbol required. The 
keys were arranged in order similar to that of a typewriter, allow­
ing a typist, a.fter a little elementary tuition but without any actual 
knowledge of the Morse code, to work the machine and produce 
slip ready for running through a transmitter. The earliest of 
Mr. Creed's inventions was a Wheatstone keyboard perforator of 
this type, worked by pneumatic pressure. This was adopted by 
the Post Office authorities about the year 1900 and performed good 
service for the vVheatstone system until 1905, when other inventors 
brought forward new pattern instruments in which various im­
provements were embodied. 

The Creed keyboard perforator did excellent spade work by 
familiarising operators with new methods of working and prepar­
ing the ground for the production of other time-saving instruments. 

Quite recently l\fr. Creed has added another pattern of key­
board perforator to his long list of telegraphic inventions. In this 
instrument, the perforating mechanism is operated by a small 
external motor, which obviates the difficulty due to overheating 
of the coils and consequent gradual reduction of speed which has 
been the chief cause of trouble experienced with many of the per­
forators worked by solenoids or electro-magnets. 

Mr. F. G. Creed commenced his telegraphic career, at the earlv 
age of 14, by joining the vVestern Union Cable Co. at Canso, 
Nova Scotia, as a Learner. Ten years later, he was employed by 
the Central and South American Telegraph Co., and continued in 
that service until 1896, when he decided to relinquish his post as a 
telegraphist and embark on the development of his inventions. 
Carrying this purpose into effect, Mr. Creed patented his first 
keyboard perforator in this country and thus paved the way to the 
more ambitious achievements which have already been briefly 
described. 
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Mr. Creed now presides over the extensive Telegraph Works 
at Croydon which bear his name. The specialised products of 
this factory include Creed motor-driYen \Vheatstone transmitters, 
keyboard printers, repeaters, undulators, relays, high and low 
pmver radio apparatus and numerous other instruments which are 
known and appreciated throughout the ciYilised world. In what­
ever branch of telegraphic industry one may be interested, be it 
land line, subtl'rranean cable, submarine cable, or radio transmis­
sion and reception, Messrs. Creed and Company 's instruments 
will be found performing excellent service. 

The i dea of using a keyboard perforator to prepare the trans­
mit I er tape is not a modern conception, for, according to Mr . H. H. 
Ilarrison, as early as 1855 an "\merican Civil Engineer, named 
ll umaston, patented an instrument in this country for that purpose, 
but "�llan, of \Vestminster, in 1859, was the first to adopt the now 
familiar typewriter form of key. Most of the earlier machines 
were fitted with keys more or less resembling those of a piano . 

Dr. \Verner Siemens, in 1868, patented the first completely auto­
matic Morse keyboard perforator in this country. Other well­
known types were introduced by Mr. John Gell, M. Kotyra, Capt. 
Soldatenkow, J\lr. Kleinschmidt, NI. Pollak and Messrs. Booth 
and \Vi llmot. 

Another inventor, whose name will ever be honourably asso­
ciated with the development of the \Vheatstone automatic tele­
graph, is Mr. John Gell, whose electrical keyboard perforator did 
much to extend the use of the system in the direction of continuous 
working on important commercial circuits. Gell perforators are 
still popular instruments where the class of work can best be met 
by fast speed automatic transmission . 

. Mr. Gell is also the inventor of a system of \\rheatstone working 
which caused much interest at the time of its trial by the British 
Post Office. The special feature of the arrangement was that each 
operator of a series of Gell perforators had a motor-driven trans­
mitter placed adjacent to the keyboard. By the action of an auto­
matic switch, transmitter No. I would be stopped after a certain 
number of messages had passed through it. Transmitter No. 2 

would then run a series of telegrams, and so on, the control of the 
starting and stopping mechanism being effected by means of a 
predetermined signal punched on the tape. Extensive trial was 
made on two long and important P .0. circuits and but for the fact 
that multiplex type-printing methods were coming into general use 
there is not much doubt that more would have been heard of the 
Gell \Vheatstone svstem. The stopping of one transmitter when a 
predetermined point of the perforated slip was reached and the 
simultaneous starting of another instrument, without the inter­
vention of manually operated switches, was the most surprising 
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feature of the whole system and the certainty with which these 
functions were performed appeared almost uncanny to the un­
initiated observer. 

Mr. John Gell formerly occupied a Supervisor'? position in the 
New Zealand telegraphs and came to this country to develop his 
telegraphic inventions. 

MODERN TYPE-PRINTING SYSTEMS. 

In 1901, l\fr. Donald Murray, whose reputation as a prolific 
inventor of telegraph apparatus has long since been established in 
the engineering world, introduced his fast-speed automatic type­
printing apparatus to the British Post Office authorities. By this 
system, a punched paper strip, prepared on a special keyboard per­
forator, was passed through a transmitter connected to the line, 
and a similar perforated slip issued, letter by letter, at high speed, 
from the receiving instrument at the distant station. This slip 
was fed into a high speed printer which produced a typed copy of 
the message in page form. 

Among the many novel devices incorporated in these machines 
were three which call for special mention. The first was a method 
which, in the case of wrongly perforated signals, enabled 
the operator to . correct the mistake without any indication 
of the amendment appearing on the printed form. The 
second was the use of phonic wheel motors driven by 
vibrating reeds, and the third was correction of synchronism 
from the message signals All three of these features were 
new in high speed telegraph�· and have since then been 
extensively employed in automatic and multiplex systems. 
The Murray automatic system vvas worked on a London-Edinburgh 
circuit from 1902 to 1906. During that time many improvements 
were embodied in the instruments and in the latter year a London­
Dublin line was equipped and successfully operated for two years. 
London-Berlin and London-Leeds circuits were also fitted with 
Murray automatic type-printing apparatus between 1909 and 1912. 
In the meantime, Mr. Murray ·was working on a scheme which 
would combine the advantages of an automatic system with those 
of a multiplex; the result was the invention of the Murray multi­
plex page-printing telegraph, a masterly production which com­
prises most of the virtues and few of the weaknesses of either 
system. The advantages of the Murray Multiplex were so de­
cisive that it completely superseded the Murray automatic system. 

Between the years 1904 and 1909, Mr. Murray was employed 
by the Postmaster-General for the purpose of developing his 
numerous inventions then in use for the public service, and many 
notable improvements were conceived and applied during that 
period. 
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Mr. Donald Murray, l\I.A., of Sydney University, who was 
trained for a farming career at the Agricultural College, Lincoln, 
Canterbury, New Zealand, ·went into journalism and took up the 
study of telegraphic transmission as a hobby; but eventually the 
interests of electrical and mechanical science became so strong that 
Mr. Murray decided to make it his life's work. Having worked 
out a crude model of his first fast-speed type-printing telegraph 
(now in South Kensington l\luseum), Nir. Murray went with his 
invention to New York, in 1899, and his system was taken up by 
the Postal Telegraph Company (MacKay-Bennett Commercial 
Cable interests), who assisted him to develop it into the Murray 
Automatic Printing Telegraph. It was when this system was 
completed, after two years' work, that Mr. Murray came to 
London, in 1901, and interested the British Post Office in his 
machinery. 

Not only Mt. Murray's machines, but also his papers on tele­
graphic subjects have admittedly served as guides to other workers 
in the same field. This was particularly the case with his l.E.E. 
paper on " Setting Type by Telegraph," which focussed the 
attention of telegraph engineers on the fundamental importance 
of the s-unit alphabet for machine telegraphy. His second I.E .E. 
paper, on " Practical Aspects of Printing Telegraphy," led to the 
adoption of the Multiplex with the Murray automatic improve­
ments by the vVestern Union, and this in its turn has led to the 
remarkable modern developments of printing telegraphy in the 
United States, including the start-stop printing· telegraphs, which 
are beginning to attract so much attention in the telegraph world. 

The war unfortunately interrupted the manufacture of the 
Murray Multiplex in Europe for four years, with the result that 
America has gone far ahead and various multiplex systems have 
sprung up, all more or less based on the combination of ideas of 
the Murray automatic-multiplex system. 

That this state of affairs is not to remain unchallenged may be 
gathered from the fact that the General Electric Company and the 
British Post Office have severally extended their facilities for 
research and development work in this country and the study of 
progressive methods of transmission is receiving constant expert 
attention. 

It will be noticed, as an interesting coincidence, that Messrs. 
Creed, Gell and Murray all received their early training in British 
Colonies. 

This brief summary of the history of the electric telegraph 
can, perhaps, be fittingly closed ·with a reference to a beautiful and 
simple piece of apparatus known as the vibrating relay. Invented 
by Mr. K. Gulstad, who for some time was Chief Engineer of the 
Great Northern Telegraph Company, of Copenhagen, the instru-
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rnent vrns described in the Electrical Review of June, 1898. Mr. 
Gulstad with commendable public spirit declined to patent the 
device on the ground that his work in that direction had not been 
undertaken in order to reap a personal financial advantage, but 
from a desire to benefit mankind in that sphere of science with 
which he was most familiar. 

The principal advantages secured by using a vibrating relay 
are increased sensitiveness, greater stability of working and free­
dom from disturbances due to induction from neighbouring lines. 

Several Telegraph Administrations, including the British Post 
Office, as well as telegraph instrument makers, have freely availed 
themselves of the generous gift of the inventor, by /constructing 
vibrating relays based on the Gulstad principle, but varying in 
type according to the requirements of the circuits on which they 
are intended to operate. 

Telegraphy is sometimes spoken of as a dying industry, which 
is being extinguished by the telephone and by new discoveries in 
radio transmission, but such a pessimistic view receives no con­
firmation from the Telegraph Engineer, who believes that his 
profession will, in the future as in the past, prove equal to all the 
demands that civilisation and progress may make upon it. 

THE END. 
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TELEGRAPH CODES AND KEYBOARD TAPE 

PERFORATORS. 

IN his very interesting article in La Technique Moderne, re­
printed in the P.O.E.E. Journal for July, 1924, M. Jacob has 
rendered valuable service by excavating a mass of useful facts and 
arguments of a novel character about telegraph keyboards and 
signalling codes. It is also very interesting to note that there is 
a leaning on the part of the advanced school of telegraph thought 
in France towards page printing. 

Before dealing with that subject, I should like to correct a 
slight misapprehension on M. Jaoob's part. He says it is not 
advisable to use excessive speed with keyboard perforators, and 
that having to perforate on slip instead of printing characters 
diminishes the speed. I take this to mean that in M. Jacob's 
opinion keyboard perforators are slower than typewriters. This 
is certainly a mistake. Keyboard perforators are much more rapid 
than typewriters. Good modern perforators, such as the Murray, 
the Morkrum and the Western Electric machines, are much easier 
to operate than a typewriter and much faster, and there is no 
carriage to run back and there are no sheets of paper to bother 
about. 

By means of a vibrator I have tested the Murray Multiplex 
keyboard perforator and I have succeeded in getting it to work 
faultlessly up to 410 words a minute (41 letters per second). I 
have also tested a Morkrum keyboard perforator in the same way 
successfully up to nearly the same speed, and I have no doubt that 
the Western Electric perforator, being of a similar design, would 
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give equally good results. Typewriters do not work successfully 
at more than about 120 words a minute (12 letters per second), and 
though they can be forced to work up to 150 words a minute they 
soon wear out at such a speed. 

lVI. Jacob is on firmer ground in saying that the speed of the 
perforator should not greatly exceed the speed of transmission. 
That is true, but the speed of transmission should be raised to 
correspond with the average speeds easily achieved by typists on 
keyboard perforators. A speed of 60 words a minute presents no 
difficulty at all to a good keyboard operator. Typists on the 
Murray Multiplex keyboard perforators in newspaper offices in 
Fleet Street work with extreme accuracy for six and eight hours 
every night at 50 to 70 words a minute. The following informa­
tion from America is also significant. Mr. George M. Yorke, 
Vice-President in Charge of Engineering, vVestern Union Tele­
graph Company, New York, writing to me on the lSt May, 1924, 
says:-

"Now as to speed of transmission. Our experience here 
is that operators of their own volition get up to 70, So and 
even 120 words per minute on the free keyboard perforators 
and we believe that with suitable arrangements of apparatus 
and staff it is undesirable to provide printer equipment which 
does not operate satisfactorily at 60 words per minute. We 
have made some observations which indicate that under aver­
age conditions in an operating room here in this country we 
would be throwing away about 50% of the operators' capacity 
if we provided printers which would operate at a maximum 
speed of 40 words per minute instead of 60. It is true that 
not many of our circuits are working at this speed, but the 
trouble is not with the operators.'' 

M. Jacob says that not more than five or six telegrams should 
be perforated ahead of transmission. The \Vestern Union objects 
even to one telegram being perforated ahead of transmission. 
Quick handling of traffic would be impossible if the number ex­
tended to five or six telegrams. The proper course is to raise the 
speed of the Multiplex channels to not less than 60 words a minute. 
There is no difficulty in this, and also there is no difficulty in 
securing accuracy at this speed. The \iVestern Union cannot 
afford to make mistakes and the \Vestern Union insists on high 
speeds. 

Turning now to the subject of page printing, it is a curious 
fact that the \Vestern Union, after about eight years' experience 
of page printing (or, to be strictly accurate, column printing) is 
turning back to tape printing, and has placed orders ,\·ith the 
manufacturers for many hundreds of tape printers to replace page 
printers. There are various reasons for this decision which do 
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not apply in other countries. The vVestern Union has to face 
sharp competition from the Postal Telegraph Company, and 
business men in America easily and frequently transfer their 
patronage from one telegraph company to another. It is, there­
fore, important that \Vestern Union telegrams shall be free not 
only from errors, but also from visible corrections. Hence it is 
the practice of the \;V estern Union to re-run or re-punch telegrams 
containing corrections so as to obtain faultless telegrams. This 
results in a yery material reduction in output. \iVith tape printing 
the difficulty does not arise because corrections can be cut out of 
the tape. Also, the \\restern Union, by careful study and training, 
has succeeded in getting operators to paste up message tape on to 
telegraph forms and check them at speeds well over 50 words a 
minute. In other countries the telegraph service is a Government 
monopoly and the necessity of issuing telegrams free from correc­
tions does not exist. Also it has not been possible hitherto, out­
side of America, to get operators to paste up message tape on to 
telegraph forms and check them and get corrections at a speed of 
more than 40 words a minute. Hence it may happen· that page 
printing Telegraphy may come into vogue outside of America 
while it is ceasing to be the mode in the United States. 

In any case also, there is no real page printing up to the 
present. It is column printing and there are many problems in­
volved in achieving real page printing or its equivalent. The 
British Post Office has dabbled in column printing for years, and 
has recently decided to make trials of the Morkrum column printer, 
which has proved itself to be a very strong and reliable machine. 
The Australian Government has also given an order for 104 of 
these Morkrum printers. In America many hundreds of them are 
1n use. 

DONALD MURRAY. 
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POST OFFICE EXHIBIT. 

BRITISH EMPIRE EXHIBITION, WEMBLEY (2). 

THE A.T.J\I. CO.'S CODER CALL INDICATOR. 

F. I. RAY, B.Sc., F.H.D., and 

\tV. E. I-IuosoN, Wh.Sc., B.Sc. (Hons.), A.C.G.I. 

\tVHEN a multi-office area is being changed from manual to 
automatic operation, arrangements must be made for dealing with 
calls between converted and unconverted exchanges. In the 
previous article it was shown how traf-fic from manual exchanges 
can be handled by key-sending positions situated at a central 
office (the Mechanical Tandem Exchange). In this article the 
converse problem of dealing vvith calls to manual exchanges 1s 
considered. 

There are several ways of catering for this traffic:-
( r) At manual exchanges, junctions from automatic ex­

changes may be terminated on line jacks or cords and 
plugs at an operator's position, only the code portion 
of the call being dialled by the calling subscriber. 

(2) At manual exchanges these junctions may be terminated 
on selectors, and a sufficient number of selectors and 
connectors provided to enable calls to be completed 
automatically. The banks of the connectors could be 
multipled with the exchange multiple. \i\Then the ex­
change is finally converted, these switches can still be 
used, either there or at some other fully automatic 
exchange. 

(3) A central junction switchboard may be provided and 
arrangements made for all calls to manual exchanges 
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being received there. This could be effected either in 
the translator or by providing a special code for manual 
exchanges, such as "O." 

(4) Call Indicator Equipment may be used. 
Numbers r and 3 suffer from the disadvantage that the sub­

scriber would have to know which exchanges were automatic and 
which manually operated. Of these systems the fourth has been 
developed by the A.T.M. Co. for use in the largest areas, and their 
Coder Call Indicator is shown at the P.O. exhibit. One advant-
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age of the call indicator svstem is that the automatic subscriber 
dials in exactly the same manner for manual and automatic calls, 
there being no necessity at any time to speak to an operator. In 
addition, economy of operators at the manual end is obtained by 
the rapidity with which ca11s can be completed. 

A Call Indicator consists essentially of a lamp field by means 
of which the required subscriber's number appears visually. This 
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is done by arranging on the keyboard a screen bearing four groups 
of figures, 0-9, in front of four sets of ten lamps so that when one 
lamp of each group is illuminated a four digit number is made 
visible. One such lamp field would be fitted per position. The 
arrangement is shown in Fig. I. 

On the Coder Call Indicator single cords and plugs are used, 
each having one clearing lamp, and any disengaged cord can be 
used to complete a call. Another important feature is that storage 
facilities are provided, so that although only one call can be dis­
played at a time, four others may be stored to await their turn. 

OPERATION OF THE POSITION. 

\Vhen a call is received, a '' marker '' lamp and '' marker 
pilot '' lamp light immediately. The latter is situated behind the 
lamp field as shown in Fig. I. After the digits have been received 
they appear on the lamp field and the marker lamp goes out. At 
this stage should another call be received its presence will be shown 
b_v the lighting of another " marker " lamp and the marker pilot: 
The operator takes any plug and tests the correct jack in the usual 
manner. If it be free she will insert the plug, when ringing 
current will be fed to the line automatically; if it be busy she will 
depress the busy key, shown in Fig. I in front of the lamp field, 
which will send busy tone back to the calling subscriber. In either 
case the displayed digits will disappear and should other calls be 
stored the earliest in order of arrival will be shown. The clearing 
lamp lights when the calling (automatic) subscriber hangs up his 
receiver. Should the cord not be withdrawn and the manual sub­
scriber wish to make a call himself, he has only to depress his 
switchhook once and an automatic " busy recall " is put into 
operation, causing the supervisory lamp to flash. The attention 
of the operator is attracted and she withdraws the plugs, thus 
allowing the subscriber to reach his '' A '' operator. 

It will be obsen-ed that the C.C.I. operator needs no transmitter 
as she does not speak to the subscribers. Her \vork consists mere! y 
of testing jacks and inserting and withdrawing plugs, and so she 
can complete calls at a very high rate. 

GENERAL DESCRIPTION OF C.C.I. CmcurTs. 

At the Mechanical Tandem, calls to a manual exchange are 
passed through a C.C. I. repeater. This in turn seizes a coder in 
which the numerical portion of the call is stored in order to be 
converted into C.C.I. pulses. 

The use of this code, from which the system takes its name, is 
designed to decrease the time taken to send the four digits through 
to the manual exchange. 

Three kinds of pulses are used, '' positive,'' '' light negative '' 
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and '' heavy negative,'' and different combinations of pulses are 
used for each digit, as is shown in the accompanying table:-

DIGIT· Relays operated. 

A + 

2 B 

3 A B + 

4 c 

5 D 

6 AD + 

7 B D 

8 AB D + 

9 c D 

0 None 

-------------

Code impulses 
sent out. 

-

-

+ 

-

-

- -

- -

+ -

None 

- -- - -- --- --

-

+ 

represents a light negative 

pulse. 

represents a heavy negative 

pulse. 

represents a positive pulse. 

-- - ---·· -- -

A '' negative '' pulse is sent by connecting the negative of the 
battery to the negative line through a resistance, the positive line 
being earthed. If the resistance be high a " light negative " is 
sent, but if low. a " heavy negative " results. For a positive im­
pulse the positive line is connected to the battery through a high 
resistance and the negative line is earthed. The pulses are sent 
out in quick succession, one digit being completed every four steps 
of a sending switch of the rotary line switch type. One complete 
travel over the banks transmits the whole number. 

These pulses, however, are not sent out at once, but are held 
up in the coder until the C.C .I. apparatus at the manual exchange 
is ready to receive them. 

Referring to Fig. 2, the call has been extended through 
the C.C.I. repeater and a selector to a junction leading to 
the required manual exchange. The seizure of the junction causes 
a rotary switch associated with it at the manual exchange to hunt 
for a free " Position Trunk Relay Set." This in turn seizes a free 
marker and lights a marker lamp . The call is held in this position 
until the " Decoder " is free, when the Decoder Control Switch is 
released and by working in conjunction with the marker completes 
the circuit through the position trunk relay set to the Decoder. 
The coder now sends out its pulses and releases itself. The pulses 
are decoded by means of two polarised and one marginal relay, 
and are stored in the " Digit Relay Group " until the Storage 
Relay Group is free. This occurs when there is no display in the 
lamp field. The call is then transferred to the storage relay group 

188 



P.O. TELEPHONE EXHIBIT AT THE BRITISH EMPIRE EXHIBITION. 

and appears on the call indicator. The decoder control switch and 
the marker are now released. \i\Then the operator inserts the plug 
the cord rotary line switch searches back and connects the cord to 
the junction via the trunk relay group. 

After the termination of the call, the subscriber hangs up his 
receiver and releases the apparatus at the automatic and tandem 
exchanges, the junction and the trunk relay set. The only appar­
atus remaining engaged is the cord circuit, which is held until the 
plug is withdravvn. 
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FIG. 2.-SCHEMATIC THROUGH CIRCUIT. 

DETAILED DESCRIPTION. 

Symbols.-In the circuit diagram, Fig. 3, contacts are shown 
dissociated from their relays. A bracket near a three-spring con­
tact means that it has a " make-before break " action. Relay 
windings are shown in the usual manner used by the A.T.M. Co. 
" Cross hatching " at the end means that the relay is rendered 
slow to release by a copper slug at the heel end of the core. If the 
end of the relay be completely blackened instead of being cross­
hatched, the symbol indicates that the slug is at the armature end. 
vVhen it has been necessary to separate the two windings of a 
double wound relay the core is drawn in both cases, but a space is 
left to show one winding is absent. In addition, an index is used, 
thus F1 and F2 are the two windings of relay F of the coder. All 
rotary switches have 25 point banks, but owing to the necessity of 
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condensing the diagram only sufficient of the bank is shown to 
explain its action. 

C.C.I. Repeater.-'vVhen the three first letters of the required 
exchange are dialled the director translates them into an office code. 
This translation is such that the call reaches the C.C.I. repeater 
with two sets of office code impulses yet to come. The first is used 
to select a junction to the manual exchange and the second is a 
compensating digit for that junction, the necessity for which will 
be explained later. 

The loop across the two lines incoming to the repeater operates 
the A relay. A energises the line relay of the outgoing selector 
over the circuit, negative battery and IOO ohms non-inductive 
resistance, ]3 contact, made Az contacts, J 5 and H4 contacts over the 
the positive trunk to earth,viaonesicle of the selector line relay. A 
also completes the circuit of B relay, which pulls up and energises 
the polarising winding of the Shunt-Field Relay, puts an earth on 
the release Trunk to hold the selectors through which the call has 
already passed and completes a circuit from earth at the release 
trunk, BI make contact, EI contact to relay G and batter:', also to 
H3 contact, B2 contact of rotary switch to A relay. 

The A relay pulling up causes the rotar:· switch to hunt in the 
usual way for a free coder. 

vVhen the first impulse train arrives at the C.C.I. repeater it is 
merely repeated by the A relay over the + ve Trunk to the selector, 
the circuit being that alreacl y described for holding the selector. 
During the impulses, however, C rela;.r pulls up and energises the 
first winding of the J relay. This is of the "two-step" type, the 
first winding being able to close only the " X" contact. The 
second winding is shunted by earth at both ends, but after the 
impulse train, when the C relay falls back, the shunt is removed 
and both windings now being energised in series, J operates com­
pletely. This, at contact J 5, breaks the circuit over which the 
first impulse train was repeated to the selector. The latter, hovv­
ever, is maintained in its operated position bv the earth on the 
release trunk through Gr. It will be seen that there is a pulsing 
circuit from a pulse �wiper back through J 5 made contact to an Az 
contact. Normally, this goes to battery through H, but if A 
releases it goes through J4 and B3 made contacts to earth. Hence 
other impulse trains will send earth clown the pulse wire during the 
break period. 

Coder .-The pulse wire is led through a J series relay to battery 
through the motor of a " pulse-in " switch. This switch will step 
round in synchronism with the impulses as they are received. To 
describe its action it will be best to consider a definite call, such as 
33481. Of these numbers, 3481 is the subscriber required and 3 is 
the junction compensating digit. On the reception of the corn-
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pensating digit, the pulsing-in switch will step round to its fourth 
position. At the same time relay ] will be energised by the earth 
impulses over the pulse-in wire. J removes the earth from the 
private bank and energises K. After the impulse train J and K 
will release, but owing to its slow-releasing properties relay K will 
remain energised for a brief period. During this period an earth 
is placed on the second, third and fourth wipers. A circuit is also 
completed for the first winding of the two-step relay E of the No. 5 
or compensating group. It will be seen from the figure that 
the earth on the second wiper (which will be resting on its fourth 
contact) will energise relay A via E1 normal contact. Similarly 
relay B of this group will be operated through the third wiper. 
These two relays lock up via their own contacts on to the earth on 
the release trunk. \\Then the K relay releases, the shunting earth 
across the first 1\·inding of the group 5 E relay is removed and it 
is pulled up completely by both windings in series. The falling­
back of the K contact also replaces the earth on the private bank 
and so rotates the pulsing-in switch to its home position. The 
same procedure occurs when the next digit, a 3, is received. The 
pulse-in switch wipers will be standing on the No. 4 set of tags, 
and during the releasing period of K an earth will be sent over 
No. 2 wiper, No. 4 tag, Er made contact of compensating 
group, E1 normal contact and A relay of No. I group to battery 
and over No. 3 wiper, No. 4 tag, to 13 relay No. I group. These 
relays pull up and Jock on to the release trunk. 

No. r group E relay is a two-step relay, and on receiving earth 
through J contact, made contacts of K and No. 5 Es and its own 
contact, closes only its " X " contact. \\Then the shunting earth 
on its seoond 1vinding is removed it operates completely, giving 
the pulsing-in switch access to the next group of A, B, C and D 
relays. 

In this way all the remaining digits are stored; 4 pulling up the 
C relay of the second digit group; 8 the A, B and D relays of the 
third group, and r the A relay of the fourth group. 

After the third group has been energised No. 3 E6 contact gives 
access to E relay of No. 4 group and F relay in parallel, so that 
during the release of K from the final impulse train F pulls up and 
locks across the line by means of its second winding and its own 
contacts. It will be held in this position by battery and earth 
from the manual exchange until the latter is free to receive it. 
vVhen this is the case the F relay will be released and will place 
an earth via the release, G1 normal and No. 4 E9 made contact to 
No. 1 tag of the private bank of the sending s-vvitch. The driving 
magnet will be energised and will free the rela_v H from its short­
circuit. H opens the circuit of the driving motor which releases, 
stepping the wipers round to No. 2 tag and short-circuiting the H 



P.O. TELEPHONE EXHIBIT AT THE BRITISH EMPIRE EXHIBITION. 

relay. Earth is again picked up on the second tag and the same 
interaction of the H relay and the driving motor occurs, and the 
wipers are moved on to No. 3 tag. In this way the switch rotates 
over the whole bank. 

H is a micrometer adjusted relay; that is, it has a screwed 
knob by means of which the spring tension can be altered and 
hence the speed of rotation of the wipers can be adjusted. 

When the wipers reach No. 3 position an earth will be placed 
on the negative trunk by No. 2 bank and the negative battery will 
be connected to the positive trunk through the high resistance and 
the operated contact AL This constitutes a positive pulse. 

Since relay B of No. r group is also energised, on the next step 
earth will be connected to the positive trunk and battery through a 
low resistance and operated contacts B r to the negative trunk, so 
sending out a heavy negative pulse. On the next step, since No. r 

group C relay is not energised, the battery will be connected to 
neither of the trunks, and so no pulse results. On the sixth set of 
tags, since D is not operated, the battery is connected to the 
negative trunk, via the high resistance and the normally made Dr 
contact, so sending out a light negative pulse. 

Hence from No. r group, which corresponds to the first digit, 
we have sent out a positive, a heavy and a light negative pulse, 
forming the digit 3. 

The second digit was a 4, which pulled up the No. 2 group C 
relay, and it will be seen that the wipers, in passing from No. 7 to 
No. ro set of tags, send out successively, a light negative, a 
positive and another light negative, which from the table cones­
ponds to 4. 

In the same way the remaining groups of relays are tested and 
the correct pulses sent out. From the No. 3 group, of which A, B 
and D are operated, positive, and two heavy negative impulses 
would come, and from fhe No. 4 group, of which only the A relay 
to locked up, come a positive and two light negatives. 

During rotation an earth is held on the release trunk by ES 
No. 4 group operated contact and F normal contact. This is to 
prevent the transmission of a mutilated call if the calling subscriber 
hang up during this period. 

Towards the end of rotation, on the twenty-third contact, relay 
G is pulled up, which releases the digit relays (A, B, etc.) and 
removes the earth from No. r tag of the sending switch private 
bank, so permitting the switch to stop in its home position. Relav 
G also places an earth on the pulse lead, which, passing back to th

-
e 

C.C.I. repeater through made J5, made A2, and made ]3 contacts, 
pulls up the H relay. H locks up, completes the talking circuit 
through the repeater and releases the rotary coder finding switch 
and the coder. 
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MANUAL EXCHANGE APPARATUS. 

The junction lines incoming from the automatic exchange are 
terminated on rotary line switches, to the banks of which are con­

nected the trunk relay sets, and when relay F of the coder operates 
and connects a loop across the junction lines the rotary line switch 
searches for a disengaged trunk set. 

Rotary line switch A relay operates by battery through relay A 
to earth round the loop. Contact Az connects the rotary magnet 
to the private wiper and if the first contact be engaged the rotary 
magnet operates on the " engaging earth " and steps the switch 
to a disengaged position, in which the shunt is removed from relay 
B which operates and switches the lines through to the trunk set. 

The trunk set relay A operates by battery through resistance, 
contact G6, relay A, contaots C3, FI, EI, round the loop, contacts 
E5, F6, C4, HI to earth. Contact AI closes the circuit of relay B 
which operates. Contact A4 closes a circuit via earth, back con­
tact of Ds, A4 contact, No. I wiper of the marker distributor, 
marker relay MB6 contact, marker MA relay to battery. Relay 
MA therefore operates and connects the rotary magnet of the 
marker to the marker wiper and release trunk. Now in the 
position trunk set in use for this call, the marker release trunk is 
disconnected from earth at contact A3, and the marker will there­
fore step round until this disoonnected position is found, when the 
shunt will be removed from relay MB which then operates. Con­
tact MB I completes a circuit for the marker lamp and pilot relay 
which operates and lights the pilot lamp. Contact MB3 oonnects 
earth to the Decoder Control Switch start wire, and contact MB2 
disconnects the Decoder Control Switch release trunk from earth. 
Contact M B4 connects earth to the marker distributor magnet, 
causing the wipers to step to the next contact. The marker release 
trunk is connected to earth during the release period of relay MA 
and this causes relays D and J of the trunk set to operate and lock 
via contact D4. 

vVhen the Decoder relay group is disengaged, the Decoder 
Control Switch, DB and DC relays release and the Decoder DA 
relay is oonnected to the start wire. Earth via contact MB2 
ope�ates relay DA and connects the rotary magnet to the Control 
Switch wiper, thus causing the switch to step round until the 
position at which the earth is disconnected by the operation of 
contact MB2. The control switch DB relay now operates and 
connects earth via contacts DA1 and DB2, control switch wiper, 
contact MB2, marker wiper, relay F, contact A2 to battery through 
the second coil of relay A. Relay F operates and locks, together 
with relay A to earth via contacts F3, D6 and G5. 

The + ve and - ve lines are now disconnected from earth and 
battery respectively and joined to a loop formed of relays H, 0 and J. 
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DECODING. 
vVhen relay F operated, contacts FI and F6 disconnected the 

+ ve and - ve lines from earth and battery respective! y and con­
nected them to a loop formed by relays H, 0 and J. Relays H 
and J are polarised, relay H operating only with positive impulses, 
while J operates with either light or heavy negative impulses. 
Relay 0 operates only with heavy impulses. 

The object of the junction compensating resistance, the amount 
of which is adjusted by the special digit which precedes the 
numerical part of the number, can now be seen. 

In order to fix an adjustment for the heavy impulse relay 0, 
a standard junction line resistance must be taken. All junction 
line resistances must therefore be approximately adjusted to this 
standard and this is done by the compensating resistance. 

Contact F 4 connects earth to relay K which operates, and which 
at contact Kr connects earth to the Decoder group. 

The first digit is 3, the impulses for which are ( + • - .) On 
the receipt of the + ve impulse relay H operates and closes the 
circuit of group I relay A by earth through contacts Kr, Hi, back 
contacts of F3, and Es to battery through relay A. Relay A 
operates and locks up, via Ar contact. The heavy negative im­
pulse operates both the 0 and J relays and two circuits are closed 
to operate the group r B and F relays-earth through contacts Kr 
and 0 I, back contacts of F 4 and E3 to battery tb rough relay B 
and earth through contacts K1 and Jr, back contact of F5 to 
battery through the first coil of relay F. Contact FX closes, but 
the main coil is shunted by earth through J 1 and the relay F do.es 
not fully operate until relay J releases. 

Relay J releases and relay F can now operate completely, so 
that when the light negative impulse is received relays G and 
group 1 E will be operated. 

Relay G releases relay F, which falls back and releases G ready 
for the next digit. 

Thus group r relays A, B and E are operated. Group I relay 
E switches the operating circuits to the next digit group, while 
group I relays A and B store the digit, which in this case is 3. 

The next digit (4) consists of - + - impulses. 
The negative operates relay J which operates relay F. The 

positive operates relay H, which operates group 2 relay C, and the 
second negative operates relay J, which operates relay G and 
group 2 relay E. Relays F and G release, leaving group 2 relays 
C and E operated. 

The last two digits are registered in a similar manner and 
finally group 4 relay E operates and at contact Er releases relay P. 
Relay P releases and earth through back contacts of Lr and Mr, 
contacts E2, P2 is connected to the operating windings of the 
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storage relays and also relay G of the Trunk relay set. The 
storage relays now operate and lock up to earth, via back contacts 
of N r and LJ and front contact of Kr. 

Call displayed.-Relay G of the trunk set locks up by earth 
through contact E3, relay G, contacts Gz, C2, Dz to battery 
through relay L. Relay L operates. 

Contact Lz connects earth through the storage relay contacts to 
the display lamps and the number is displayed. Contact LJ 
changes over to make the holding circuit of the storage group 
independent of relay E:. 

Release of Decoder group.-\Vhen relay G of the Trunk set 
operates, contact Gs changes over and holds relay D, but removes 
earth from relays A, F, J, DB and MB. All relays in the Marker 
and Decoder control switch release. 

Relay F releases and at contact F4 disconnects relay K, which 
releases all relays in the Decoder group. The call is now displayed 
and the Decoder is ready to deal with another call. 

Operation when Called S1ibscriber is Free.-The operator will 
now take any of the plug·s and test the called subscriber's multiple 
jack in the usual manner. On finding the number free the plug 
is inserted ir, the jack and cord circuit relay E will operate by 
batterv, relay E, to earth on the sleeve of the jack. Contact Ez 
connects earth to the cord circuit line switch A relay, which 
operates and connects the magnet to the private wiper ·via contact 
,\2. 

Now private bank contacts of all trunk sets, except the set from 
which I he call is displayed, are connected to earth via the back 
contacts o.f their G and E relays. On the set in use, however, 
relay G 1s operated, so that this private contact is disconnected 
from earth and the cord circuit line switch will therefore rotate 
until I his point is found, when the line switch B relay will operate. 

The cord circuit A relay is now operated round the loop in the 
C.C.I. repeater. Contact Ar closes the circuit of relays B and C, 
which operate. Contact Bi connects earth through Ar to the 
release trunk to hold the line switch B relay and also the Trunk 

set E relay. The latter was operated (after the line switch B relay 
had been energised) by earth through contacts Ar, B2 and B3 in 
the line switch circuit, contact GJ, to battery through relay E, 
which holds through contact E4 when relay G releases. 

Contact E3 releases relays G and L. Relay G releases and 
disconnects relay D, which also releases. 

Thus earth through contact Ar in the cord circuit is holding 
the follovving relays :-B and C of the cord circuit, B of the line 
switch, E and B of the trunk set and relay B of the incoming line 
switch. 

Relay L releases and at contact Lr operates relay N during the 
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release period of relay l\J . Con tact N r opens and the storage 

relays are released. 
Ringing the Subscriber .-vVhen the cord circuit A relay 

operates, ringing current is connected to the subscriber's instru­
ment by battery, ringer, contact AJ, relay D, contact DJ, through 
subscriber's instrument, contacts Er, Dr and B3 to earth. 

vVhen the subscriber answers, contact D2 closes and the relay 
operates completely, cutting off the ringing current and connecting 
the lines through for speech. 

Relay F is now operated and at contacts FI and F4 reverses 
the potential on the lines so that the call is metered against the 
calling subscriber. 

Calling Subscriber Hangs Up.-Cord circuit relay A releases 
and at contact Ar releases the Incoming rotary line switch, Trunk 
set and Cord circuit rotary line switch. The clearing lamp now 
lights by battery through the lamp, front contact of EJ, back 
contact of A2 to earth through the front contacts of F2 and Cr. 

The operator then removes the plug and all operated relays 
release. 

Called Subscriber Desires Another Call (Flashing Recall).­
If before the plug is removed the called subscriber hangs up and 
then calls again relay F will be released for a short period and at 
contact F3 opens the circuit of relay C, which has been locked up 
via F3 and C2. Relay C releases and when F re-operates the 
clearing lamp is made to flash by interrupted earth through the 
back contact of C r. This also induces a click in the operator's 
head-set. 

Called Subscriber Busy .-vVhen the operator tests the line and 
finds it busy, she depresses the " Busy " key. This connects earth 
to relays C and L. Relay C is retained by battery relay C, con­
tacts C3, Fr, Er, loop through C.C.I. repeater, contact Es, F6, 
C4, relay C to earth. 

Contact Cs connects busy flash to the +ve line. Contact C2 
releases relays G and L, thus releasing the storage group. Con­
tact Cr holds relay B and also keeps the release trunk engaged. 

When the subscriber clears, relay C releases, thus freeing all 
apparatus at the Manual exchange. 

DECODER RELEASE KEY. 

Should a marker lamp light, and the call not be displayed in 
a reasonable time, the Decoder release key is pressed. 

This connects earth fo relays L, G and Decoder D, and also to 
the storage group via the Decoder relay contacts. Relay C also 
operates. 

Relay G operates and releases F as before. Relay L connects 
earth to the display lead and displays any digits received. 

196 







P.O. TELEPHONE EXHIBIT AT THE BRITISH EMPIRE EXHIBITION. 

On the release of the key relays G, L and D release, and the 
call releases when the subscriber hangs up. 

THE DIRECTOR--(continued). 

\i\T. E. HUDSON, vVh.Sc., B.Sc. (Hons. Lond.), A.C.G.l. 

[In the article on the A.T.1W. Co.'s system in our last issue, 
Mr. Hudson, in discussing the difficulties of dialling through in 
multi-office areas, said that with the advent of the W.E. Co.'s 
Panel system sender and translator and later of the A.T.M. Co.'s 
and Siemens Director schemes, rnany of these difficulties were 
removed. This should have read "the A.T.M. Co.'s Director 
and Sie1nens Translator schemes ... " It sh01tld be mentioned 
that the term" Director" is applicable only to the A.T.M. Co.'s 
systern. The terrn was intended to be read in the foregoing article 
in a general sense as a method of operating a multi-office area.­
EDS., P.O.E.E. Journal.] 

THE on! y point of interest remaining to be dealt with is the 
time cut-over. This is to prevent a subscriber holding a Director, 
\vhich from the traffic point is a valuable piece of apparatus, for an 
amount of time greater than is considered necessary. 
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The holding time between digits is governed by a cam which 
gives an earth impulse at definite intervals so that if a subscriber 
fails to dial the next digit within a prescribed time (some eight 
seconds) the Director is released. 

The circuit operation is as follows:-
As soon as the Director is picked up relay R is operated, and 

contact Rz prepares a circuit for energising the first coil of relay 
M. As soon as earth is connected by the cam the first coil is 
energised and contact Nix1 operates, but the main coil is shunted 
out until the cam contact opens, when relay 1vl operates completely, 
closing M2. 

Assuming that no dialling takes place, the next earth impulse 
operates relay T which connects earth to the impulse wire and 
releases the Director as explained in last issue. 

Shau Id the subscriber dial before this " switch-out " occurs 
relay L operates and at contact L1 releases relay M, so that the 
cycle can be repeated. 

EUROPEAN LONG-DISTANCE TELEPHONY. 

THE limited development of the long-distance telephone system 
of the Continent of Europe compared with that of the United 
States of America is due primarily, of course, to the radical differ­
ence in the political conditions of the two areas-the conditions in 
Europe not only increase great! y the normal difficulties of provid­
ing an efficient service but also, it may reasonably be assumed, 
render far less articulate any demand there may be for a given 
channel of intercourse. lt needs to be borne in mind, however, 
that the disparity between the two systems, although obvious 
before the recent \var, has been very strongly accentuated during 
the past five years by the rapidity with which, in the United States, 
advances in technical knowledge (stimulated by the war) have 
been given practical shape in the form of actual speaking channels. 

It would not have been surprising-particular! y as " every­
bod_v 's business is nobody's business "-if the question of im­
proving European communications b_\- means of some concerted 
action had remained unvoiced for many years; and it is very 
pleasant, therefore, to knO"w that the necessary inspiration came as 
early as November, 1922, \\hen "Mr. Frank Gill, in his Presi­
dential "-\ddress to the (British) Institution of Electrical Engineers, 
dealt with the subject under the heading of " Electrical Communi­
cation-Telephony over Considerable Distances " ; it is equally 
pleasant to feel that the Address stands as a monument alike to 
l\Ir. Gill's Yision of the need and to his courage in assuming that 
the need, having been indicated, could be met. (.Mr. Gill has 
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since. drawn attention to the fact that in Annales des Pastes, 
Telegraphes et Telephones, of June, 1921, there appeared an 
article by Mons. M. G. :VIartin, entitled "Long Distance Tele­
phony in Europe,'' in which the suggestion is made that an 
association be set up by the European Administrations for the 
purpose of constructing, maintaining and operating long inter­
national telephone circuits; and that he would have referred to 
the proposal in his Address had he then been aware of it.) 

The immediate outcome of !his presentation of the subject was 
that the French Government, through M. Paul Laffont, Under­
Secretary of State for Posts and Telegraphs, convened a meeting 
at Paris of telephone experts, representing Belgium, France, 
Great Britain, Italy, Spain and Switzerland, for the purpose of 
acting as a Preliminary Technical Committee :ind, in that capacit_I', 
making a general, though primarily a technical, survey of the 
whole question. 

The British delegates were:-
1\Iajor (nmY Col.) T. F. Purves, Engineer-in-Chief, G.P.O . 

.'.\fr. J. G. Hill ) "-\ssistant Staff Engineers, Engineer-in-
Mr. A. B. Hart f Chief's Office, G.P.O. 

:.\fr. H. G. Tra_doot, Traffic Inspector, Secretary's Office, 
G.P.O. 

The conference opened on l2th .March, 1923 (and closed on the 
20th id.), under the presidency of Monsieur A. Dennery, Inspec­
tor-General of Posts and Telegraphs (vvhose sudden death a few 
months later was the cause of great regret both in his own country 
and abroad). The result of the deliberations was that a large 
number of recommendations, covering the whole ground of the 
problem, were adopted unanimously and unreservedly; and, sub­
sequently, these recommendations were approved by the Adminis­
trations of the six countries represented on the Preliminary 
Technical Committee, thus paving the way to practical progress. 

The recommendations may be gTouped, conveniently, under 
the following beads, viz. : -

(a) Administration. 
(/J) Transmission-Engineering Construction. 
(c) Engineering Maintenance, including removal of faults. 
(d) Traffic. 
(e) Programme of Immediate Additional Construction 

\Vork. 
(f) Preliminary Programme of Further Construction Work. 

The more important of the individual recommendations-of 
which those marked * were amended at the r924 Conference, as 
indicated later-were as follows:-
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(a) ADMINISTRATION. 

The Preliminary Technical Committee to become a permanent 
Consultative Committee bearing the name '' Le Comite Consultatif 
International des Communications Telephoniques Internationales." 

(Note.-For convenience, the abbreviation "C.C.I." is used in 
this article to denote the Committee.) 

The C.C.I. to undertake the organisation of, and to centralise 
all information concerning, European International Telephony. 

The C.C.I. to consist of delegations, of not more than four 
members each, from the various Administrations, and to meet at 
least once a year. 

The C.C. I. to appoint a permanent Sub-Committee-Sous­
Commission Consultatif International-for the purpose of prepar­
ing and facilitating the work of the C.C.I.; of developing in all 
their practical details the resolutions of the C .C.I. ; and of giving 
decisions, when required, on matters other than questions of 
principle: in effect, of acting, within the limits of agreed policy, 
as the executive of the C.C.I. 

*The Sub-Committee to rnnsist, at the outset, of not more than 
t-..vo members from each of the six countries represented on the 
Preliminary Technical Committee, with power to co-opt, when 
desirable, a member of the delegation representing any other 
country on the C.C.I. 

The Sub-Committee to be assisted by a permanent (but not 
necessarily full-time) Secretary, appointed by the C.C.I., with 
official residence in Paris, who will act as the connecting link 
between the Sub-Committee and the various Administrations and 
whose primary dutv will be to collect the reports of investigations, 
researches and other technical work carried out in the laboratories 
of the various Administrations and to communicate them to the 
principal delegates of all the participating Administrations. 

The official language of the C.C.I. to be the French language. 
The recommendations of the Preliminary Technical Committee, 

after approval by the Administrations of the six countries repre­
sented thereon, to be brought to the knowledge of those countries 
not represented. 

Future meetings of the technical experts of European Tele­
phone Administrations, such as those at Buda-Pest, in 1908, and 
at Paris, in rgro, to be convened by the permanent Sub-Committee 
of the C.C.I. 

The C.C.I. to consider, as far as the operation of the European 
International system is concerned, the matter of co-ordinating 
wireless telephony and ordinary wire telephony (notwithstanding 
the view of the Preliminary Technical Committee that, in the 
organisation of the European system, the use of radio-telephony 
should not be resorted to unless wire telephony is impossible). 
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(b) TRANSMISSION-CONSTRUCTION. 

(i) General. 
*Subscribers' Sets.-The standard telephone apparatus, for the 

time being, for all European countries, to be a solid-back micro­
phone and Bell receiver, conforming to the detailed specification 
annexed to the recommendation. (Note.-This specification is a 
reproduction of the British Post Office standard). The efficiency 
of any subscriber's set used in Europe, both as to transmitter and 
receiver, to be not less than that of the standard apparatus. 

*Transmission Equivalents.-For the time being and until final 
agreement has been reached, attenuation or transmission equiva­
lents to be expressea in miles of standard cable, the constants of 
the standard mile being:-

Resistance: 88 ohms. Capacity: 0.054 microfarad. 
Inductance: l millihenry. Leakance: l micromho. 
Attenuation constant at 5,000 cycles: o.ro6r. 

The total transmission equivalent of an international connection 
between any two subscribers not to exceed 32 miles of standard 
cable (m.s.c.) or 38 m.s.c. in certain special cases (including that 
of composite lines, i.e., lines comprising both aerial and cable 
sections). 

The total attenuation of the line connecting a subscriber with 
the international telephone office of the subscriber's country not to 
exceed lO m.s.c. 

The maximum attenuation of all the sections composing an 
international line not to exceed 12 m.s.c. 

The maximum attenuation between two successive relays not to 
exceed 12 m.s.c 

The transmission loss in any transformer (other than an ampli­
fying relay transformer) not to exceed l m.s.c. 

Cross-Talk.-The cross-talk between any section of an inter­
national aerial circuit and any other circuit to be less than 65 m.s.c. 
and between any international cable circuit and any other circuit 
in the same cable to be less than 75 m.s.c., the cross-talk to be 
measured by means of a cross-talk meter at any amplifier relay 
station or at any central exchange along the line. 

*Amplifying Relays (Repeaters).-To be of such design as 
faithfully to reproduce speech, i.e., to amplify to the same extent 
all frequencies from 200 to 2,500 cycles per second. 

To be located always so as to reduce to a minimum the distor­
tion in each section of cable between two successive relays, and so 
that the transmission equivalent of any circuit in such a section 
does not exceed 20 m.s.c. for a two-wire circuit or 40 m.s.c. for a 
four-wire circuit. 

The equipment on two-vvire circuits (whether aerial or under-

20I 



EUROPEAN LONG-DISTANCE TELEPHONY. 

ground) to be, exclusively, reversible amplifying relays provided 
vvith two artificial lines balancing separately the two sides of the 
telephone line. 

In the case of a line equipped with several relays, limits to be 
fixed for the distribution among them of the aggregate amplifica­
tion. On long-distance cables, automatic or semi-automatic 
amplification control devices to be installed. 

Superimposing on International Circuits .-To ensure security 
of transmission, superimposing on international circuits to be re­
stricted to complete sections terminating at each end in an ampli­
fving relay station. 

-::'Transmission of Call Signals.-On aerial Jines, which, as a 
rule, are proYid<:>cl with only a small number of amplifying relays, 
a low frequency current ( 16 to 20 cycles per second) to be used for 
calls, the signals being repeated, at each intermediate relay station 
between the two terminal offices, b:· means of an electro-magnetic 
device. 

In the case of cables, where the large number of amplifying 
relav stations prevents the use of the foregoing method, the neces­
sary researches to be undertaken, as soon as possible, for the 
purpose of devising a call system actuated by a current of 
sufficient! y high harmonic frequency to enable the relays to amplify 
the call in the same manner and to the same extent as they amplify 
speech currents. 

Ring-off or Clearing Si,.�·nals .-All apparatus when in shunt to 
be of large impedance. 

Superimposed Telegraph Circuits .-For the time being, inter­
national circuits and, in particular, such circuits as are equipped 
with amplifring relavs, not to be used for telegraphic purposes. 

(i:i) Aerial Lines. 

If provided with amplifying relays, not to be Pupinized (i.e., 
equipped with loading coils). 

To be properly balanced and without any electrical discon­
tinuity between two successiYe amplifiers, i.e., the electrical con­
stants to be uniform over the eptire length between those points. 

Conductors to be of copper or copper alloy whose resistance 
does not exceed that of high-conductivity copper b_v more than 
ro%; not to be of smaller diameter than 3 mm. (i.e., minimum 
copper = 220 lbs. per mile); and to be of sufficient mechanical 
strength to reduce to a minimum the risk of accidental breakages. 

Inductive Disturbance from Power Transmission Lines. -
Parallel construction o.f telephone lines and power transmission 
lines without adequate separation to be avoided. 

For the purpose of determining the maximum induced voltage 
and the maximum induced noise allowable, tests and researches, as 
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complete as possible, to be carried out by the various interested 
Telephone Administrations. 

(iii) *Cables. 

Pupinized cables with amplifying relays not to be used, until 
further experience has been gained, for circuits between inter­
national exchanges more than r,600 km. (r,ooo miles) apart. 

Four-wire circuits to be used between international exchanges 
more than 500 km. (say, 310 miles) apart. 

Conductors to be 0.9 or r .3 mm. in diameter (i.e., 20 lb. or 
40 lb. approximately per mile). 

Cable pairs to be absolutely homogeneous between two succes­
sive amplifiers; cables to be so constructed, therefore, that the 
circuits are perfectly balanced and their electrical constants 
uniformly distributed. 

Use of conductors for the telegraph service to be conditional on 
cable being properly balanced and to all pairs of wires allotted to 
the telegraph service being grouped together. 

'" Pupin (Loading) Coils .-All coils to be of the type having a 
compressed iron powder core. 

To be spaced r ,830 metres (2,000 yards) apart. 
Inductance of coils on 4-wire circuits not to exceed 44 milli­

henries and, on 2-wire circuits, 176 millihenries. 
Inter-connection of 4-wire Circuits.-When two 4-wire circuits 

are connected through amplifying relays, transmission losses to be 
minimised by the use of special wiring establishing the continuitv 

·of the circuit in the same manner as at intermediate stations. 
\Vhen two 4-wire circuits are connected without amplifying 

relays, the connection to be made by a metallic junction of the two 
sets of four wires without the insertion of any intermediate 2-wire 
device. 

(iv) Composite Lines (i.e., composed of both Aerial and Cable 
Sections.) 

To be avoided wherever possible. \Vhen unavoidable each 
section between successive amplifying relays to be made com­
pletely homogeneous (e.g., by the use of properly Krarupised 
cables). 

The annexes to the foregoing recommendations comprise (in 
addition to the detailed specification of the standard telephone set) 
lists of points to be considered in drawing up standard specifica­
tions for, respectively, 

Pupin (Loading) coils. 
The supply and laying of cables intended to provide super­

imposed (phantom) circuits. 
Amplifying relays. 
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(c) ENGINEERING MAINTENANCE. 

Protection from High Foltage (Power) Lines .-The permanent 
Sub-Committee (after ascertaining the regulations in force in the 
various countries for the prevention of injury to employees or 

damage to plant) to draft, as soon as possible, a set of efficient 
rules for adoption by all countries. 

Testing Points.-Number to be as small as local conditions 
permit and each point to be equipped with apparatus for measuring 
accurately the distance .of a fault, such measurement to be made by 
the testing points on either side of the fault. 

In the case of cables, testing points to be restricted to amplify­
ing relay stations; in the case of aerial lines, to such stations as 
far as possible, and otherwise to exchanges at intervals of approx­
imately 200 km. ( r25 miles) along the route. 

Supervision of Lines .-Important aerial lines to be patrolled 
(i.e., examined regularly) so as to prevent, as far as possible, the 
occurrence of faults. 

Jn the case of lines (whether aerial or cable) crossing a frontier, 
conductivity and insulation tests to be made each month at the 
terminal stations or .the amplifying stations nearest to the frontier, 
the results being communicated by each Administration to the 
other. 

Prompt Restoration of Circuits .-The Administration in whose 
territory a circuit becomes faulty to endeavour, pending repair, to 
make good the faulty section by a circuit of its own system, appro­
priate schedules being compiled for this purpose. 

(d) TRAFFIC. 

*Standard of Service .-The number of circuits to be such that : 
If they are less than 500 km. (sa;,·, 310 miles) in length, the wait 

at rush hours shall not exceed half an hour (which, according to 

British statistics, corresponds to 50 conversation units during day 
hours); 

If they are from 500 to woo km. (say, 310 to 625 miles) in 
length, the wait at rush hours shall be less than one hour (equiva­
lent to 75 units during day hours); and 

If thev are more than woo km. in length, the basis shall be 
TOO conversation units during dav hours. 

Rates.-The permanent Sub-Committee to make an investiga. 
tion of the system under which three different rates are charged 
during the course of 24 hours. 

Decentralisation of Traffic .-For the purpose of decentralising 
the international system and making it independent, international 
transit centres-similar to the region or zone centres of a national 
system-to be organised, these centres being connected with each 
other either directly or indirectly. 
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*Traffic Statistics .-At the outset, information (as to number of 
circuits, available circuit-hours, conversation units and cancelled 
calls, average wait, etc.) to be scheduled (in prescribed form) for, 
at least, two days per month in respect ot each group of circuits 
connecting any two places. 

Estimates of probable development of traffic to be prepared (in 
a prescribed manner) and, in the absence of special factors, to be 
based on the assumption that the rate of increase will be the same 
as during the five years immediately preceding. 

Language to be used for establishing connections.-The French 
language to be used between any two countries of different lan­
guage, unless arrangements have been made by those countries for 
the use of another language. 

(e) PROGRAl\DIE OF IMMEDIATE ADDITIONAL CONSTRUCTION VV ORK 
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(f) PRELIMINARY PROGRAMME OF FURTHER CONSTRUCTION WORK 
(to be undertaken within a term ranging from S to IO years). 

Studies (on the lines referred to under " Traffic Statistics ") to 

be carried out in each country for the purpose of estimating the pro­

bable traffic increase for periods of 5 and w years respectively; but 

a number of suggestions, based on information gathered by the 

Preliminary Technical Committee as to future needs of certain 

countries, to be taken into consideration, These may be sum­

marised as follows : -
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Belgium-England. 
Total circuits required : ­

Antwerp-London : 7 within 
9 " 

Brussels-London: 12 
16 

" 

" 

5 years. 
IO 

5 
IO 

" 

" 

" 
Belgium-Italy. 

l circuit as soon as possible. 

England-France. 
London-Paris cable (2 l circuits) already contemplated, 

sufficient for 5 years. There will then be required:­
London-Boulogne : 2 circuits . 

London-Lille: 3 circuits. 

England-Italy. 
Further circuits (terminal points undefined) required as soon 

as practicable. 

England-Switzerland. 

Total circuits required : -
London-Geneva and } 
other specified towns 

6 within 
I I " 

5 years. 
10 " 

France-Italy. 

Paris-Turin 
Paris-Milan 
Paris-Rome 
Lyons-Milan 

} 2 ciccuito each (8 in all) within 5 yea". 

France-Switzerland. 

31 circuits between various specified towns within w years . 

Italy-Spain. 

Genoa-Barcelona: r circuit as soon as possible. 

Italy-Switzerland. 

27 Circuits between various specified towns and one unde­
fined (towards Venice). 

The 1924 meeting of the Comite Consultatif International took 
place in Paris from April 28th to May 3rd, and was of a much 
more representative character, delegates being present from 
Austria, Belgium, Czecho-Slovakia , Denmark, Finland, France, 
Germany, Great Britain, Holland, Hungary, Italy, Jugo-Slavia, 
Latvia, Luxembourg, Norway, Poland, R umania, Sweden and 
Switzerland. 

Mr. J. G. Hill having retired from the service of the British 
Post Office, Mr. C. R obinson took his place on the British dele­
gation, which, of course , was headed by Col. Purves. Fortunately, 
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however, Mr. Hill was able to attend the Conference as a supple­
mentary delegate. 

Mons. Milon, Director of the French Telephone Service, was 
elected President of the Conference. 

The Report of the Preliminary Technical Committee was con­
sidered in detail and substantially adopted as the basis of future 
procedure. In the case of certain items, however, the further dis­
cussions led to modification of the original recommendations, the 
amended decisions (grouped under the same headings as above) 
bei�g as follows : -

(a) ADMINISTRATION. 

The permanent Sub-Committee (Sous-Commission) of the 
C.C.I. to be composed of one representative of each of the countries 
most interested in the European network, that representative to 
have the right to be accompanied by experts and to nominate a 
substitute. 

The Sub-Committee, for the first year, to consist of the prin­
cipal delegates from the Administrations, respectively, of Austria, 
Belgium, Czecho-Slovakia, France, Germany, Great Britain, 
Holland, Italy, Jugo-Slavia, Sweden and Switzerland. 

( b) TRANSMISSION�CONSTRUCTION. 
(i) General. 

Subscribers' Sets.-ln regard to the standard of reference the 
principle of the British standard was confirmed, viz., that the 
efficiency o.f the subscriber's apparatus should be measured in 
combination with his local circuit; but it was decided to defer the 
final recommendations as to the actual standard of reference until 
the next meeting. 

Transmission E quivalents.-To be expressed, if desired, in 
terms of the unit /3l, as an alternative to '' miles of standard cable.'' 

Ampl1Jying Relays (Repeaters).-Extension of specified limits 
for spacing to be permitted in exceptional cases, e.g., a section 
including a long submarine cable. 

Transmi,Ssion of Call Signals .-For aerial lines, the maximum 
frequency to be 25, instead of 20, cycles per second. 

For cables, a frequency of 400 cycles per second to be adopted 
provisionally. 

(iii) Cables.-Pupinisation (loading) in accordance with Ger­
man, as well as British (and American), practice to be permitted. 

Pup in (Loading) Coils .-Loading coils of types other than 
the compressed iron powder core type to be permitted. 

( d) TRAFFIC. 

Standard of Service .-No regard to be paid to circuit loads 
(i.e., conversation units during day hours). 
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Traffic Statistics .-To be prepared for six consecutive days each 
quarter instead of ·for two days each month. 

Detailed observations to be made on a r·epresentative day 
each quarter to ascertain proportion of time spent in operating to 
that occupied in conversation. 

The last item of business was the appointment of the Secretary, 
and on the proposition of M. Marchesi (Italy), Mons. Valensi, 
Engineer of the French Administration, was elected by the 
unanimous vote of the delegates. (As some of our readers are 
aware, the translation into French of Mr. J. G. Hill's book on 
"Telephone Transmission," was the work of Mons. Valensi.) 

The first meeting of the permanent Sub-Committee was held on 
May 3rd, 1924, after the conclusion of the Conference proceedings, 
.Mons. Milon being elected President for the year 1924-5· 

It was decided that the second meeting of the Sub-Committee 
should take place about the beginning of November next; that in 
the meantime studies of certain subjects should be undertaken by 
two or more Administrations jointly; and that the agreed reports 
should be presented to the meeting mentioned. 

The subjects and the Administrations charged with their study 
are as follows : -

Transmission : 
Subscribers' Apparatus-Standards of 

Reference. 
Transmission Unit. 
Apparatus for Transmission Measure­

ments. 
Specifications for 

Cables, 
Loading Coils, 
Amplifying Relays. 

) Ge,many l and 
Great Britain. 

Interference between Power Circuits and} Germany, 
Telephones, and Limits of Induced Italy, and 
Voltage and Noise. Switzerland. 

Telegraph Call-vVire Working-Belgium and France. 
Circuit Loads-Holland and Sweden. 
Tariffs and Apportionment of Revenue-Great Britain and 

Holland. 
Tariffs, Differential-Holland and Sweden. 

The place and date of the 1925 and 1926 meetings of the C.C.I. 

will be fixed at the November meeting of the Sub-Committee; but 
it was agreed that the 1926 meeting should coincide with that of 
the Conference International des Techniciens des Administrations 
des Telegraphes et des Telephones de !'Europe. 

J.W.A. 
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THE MEASUREMENT OF HIGH FREQUENCIES. 

F. E. NANCARRow, A.R.C.Sc., A.lVI.I.E.E., M.I.R.E. 

IN the present state of the art of radio transmission, when not 
only is it necessary that the frequency band required by trans­
mitting stations should be as small as radio engineering science 
can devise, but where it is very desirable that the frequency of the 
transmitting station should remain invariable, it is essential that 
frequencies shall be capable of accurate measurement. 

The importance of having international agreement in high 
frequency standards has been recently recognised by a series of 
simultaneous frequency measurements on the emissions of various 
high power radio stations carried out by the National Laboratories 
in several countries. Measurements were carried out within this 
programme at the Radio Laboratory, but, as the results are not 
yet available, no indication as to the agreement can be given. 

,.\ plain frequency-meter, or wave-meter as it is more usually 
but incorrectly called, i.e., a circuit consisting of an inductance 
connected across a capacity and provided with some indicating 
device, is, unless exceedingly carefully constructed, unable to give 
frequency measurements of sufficient accuracy to enable changes 
of frequency of .the order of a few cycles per second to be observed 
and measured. 

The basis of the method of measuring frequency used in the 
Radio Laboratory during the past three years, is a piece of appar­
atus called a Multivibrator, ':' controlled by a valve maintained 
tuning· fork. A diagram of the arrangement is shown in Fig. 1, 
where M is the output coil of the M ultivibrator. 

Space forbids a detailed description of the apparatus and its 
functioning, but the Multivibrator serves to set up a periodic dis-

* For description see Abram and Bloch. Radiotelegraphic Militaire, Nov., 1917. 
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charge of a condenser through a resistance and the output coil M 
is placed in series with this resistance. There is thus a current 
flowing through M, which, by the nature of its waveform is 
resolvable into an infinite number of frequencies which are 
harmonics of the fundamental frequency corresponding to the 
frequency of the discharge. This fundamental frequency depends 
on the values of C and R of the Multivibrator and to a lesser extent 
upon the filament current, anode volts, etc., of the valves used. 

To avoid frequency changes due to changes in the feed con­
ditions of the valves, a tuning fork is used as a frequency control, 
and the control is such that the Multivibrator will not change its 
frequency unless radical changes occur. This arrangement was 
first introduced by Mr. D. W. Dye, of the National Physical 
Laboratory, who has carried out much work on the constancy of 
frequency of such controlled tuning forks.* 

M. 

Multiv; b..-ator: 
Output Co.I. 

FIG. I. 

The constancy of frequency of such a controlled Multivibrator 
is thus only dependent upon the tuning fork, and this is constant, 
except as regards. temperature changes when the frequency 
changes by r part in 10,000 per 1° C, to within a few parts in 
roo,ooo for all normal conditions of working. 

The tuning fork in use in the Radio Laboratory has a frequency 
of 1,000 "-' p.s. and hence the Multivibrator is capable of giving 
frequencies which are exact multiples of this. 

As, however, the harmonics become too congested for safe 
discrimination in the region of the rooth, this arrangement is in 
general used only for frequencies below this value, i.e., below 
roo,ooo "-' p.s., and another Multivibrator having a fundamental 
period variable between 20 and 30 kilocycles per second, is utilised 
for the higher frequency range. 

The descriptions which follow refer only to the lower frequency 
range. For the higher range, the procedure, although slightly 
more complicated, is much the same in principle. 

* See Pro. Royal Society A. Vol. 103. 1923. 
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CALIBRATION OF A SIMPLE OSCILLATORY CIRCUIT. 

The schematic arrangement is shown in Fig. 2, where the 
circuit, 0, to be cahorated, is coupled to the output coil of the 
Multivibrator and is again coupled, very loosely, to an aperiodic 
type of multi-valve receiver. By simply varying the condenser of 
the circuit 0 its frequency can be brought into resonance with 
successive harmonic frequencies of the Multivibrator and at 
each resonance a note, of frequency equal to the fundamental 
frequency of the Multivibrator, will be heard in the telephones of 
the receiver. The accuracy with which these resonances can be 

fixed depends upon the decrement of the circuit being calibrated; 
the lower the decrement the sharper the definition. 

0 

S• 

Multi -Valva 
Rec.erver 

FIG. 2. 

Telepfio11e.s. 

Xo Valve Oscillator. 

Once having calibrated the circuit in turns of successive har­
monics it only remams to determine the harmonic order numbe1 
of one of the points in order to establish the calibration in turns 
of absolute frequency values. This is very simply done, as 
follows: A valve exciting oscillating circuit (see X, Fig. 2) is 
made to give a beat note when the circuit 0 is set, preferably, on 
one of its resonances at the top of its scale, and then by varying 
the oscillator this note is reduced to zero and the oscillator fre­
quency brought into exact coincidence with the frequency corres­
ponding to the setting of 0. This exact setting can be done by 
taking advantage of the fact that not only will there be set up in 
the circuit 0 oscillations due to excitation at this frequency, but 
weaker oscillations due to excitations respectively r ,ooo rv below 
and above this frequency. The beatings o.f these frequencies with 
the valve oscillator will set up notes, and when, say, the valve 
oscillator is displaced one cycle from true coincidence with the 
frequency corresponding to the setting of 0, two notes of fre­
quencies r ,001 and 999 respectively will be received due to these 
side excitations. The effect of this is to give a note of r ,ooo "-' p.s. 
beating at the rate of 2 per second, and so by observing this 
phenomenon the beating note can be reduced and the coincidence 
obtained quickly and with great accuracy. 
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If now the valve oscillator be left undisturbed and the circuit 0 

varied by decreasing the condenser value, beat notes of r ,ooo, 
2,000, 3,000 rv p.s. - - . will be heard as the condenser moves 
through resonances differing by r ,ooo rv successively from the 
original setting. As the condenser is still further reduced no 
notes are heard and then with further reduction notes are again 
picked up, high pitched at first-reducing to r,ooo rv p.s.-pass­
ing through a no note point of calibration, and then increasing 
through notes o.f r ,ooo rv p.s., 2,000 rv p.s., and so on. This 
second series of beat notes is due to the 2nd" harmonic of the valve 
oscillating circuit beating with the frequencies corresponding to 
the settings of 0 and it is clear that the point between the two 
r ,ooo notes, i.e., the point where no note was given, corresponds to 

2"" Harmor11c o+ X 
� --°"", IOOQl\J 

\ \ J 2000� \�'��\ l!.3000�. . ------

1000�� 2000�---.: 
B '2 Harmor:i1c i;>oints betweer:> 

an.d 1n.dus1ve of AS, B. 

FIG. 3. 

a frequency twice that corresponding to the original setting. Fig. 3 

depicts what happens, A being the original setting and B the 
setting coinciding in frequency with the 2nd harmonic of the valve 
oscillator. 

If there are n points between A and B, including both A and B, 

then since there is a frequency band of I ,ooo rv between each pair 
of points and the frequency at B is twice that at A. 

Frequency at A=(n- i) r,ooo. 
But if x=order number of harmonic at A 

then xx rooo=frequency at A. 
:. x=(n- r). 

From which the order numbers of all the points are at once 
obtained and the circuit calibrated in absolute frequency values. 

A. number of circuits, made up with low decrement coils, and 
calibrated in the manner above, are kept in the Radio Laboratory 
for use with the Multivibrator. 

THE CALIBRATION OF A VALVE OSCILLATOR. 

The arrangement of Fig. 2 represents the setting of the appa­
ratus, where in this case the circuit 0 has been previously calibrated 
whilst X is the oscillator requring calibration. 

*NoTE.-The fundamental frequency 1s considered as the rst Harmonic. 
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The coupling between 0 and the receiver is made so loose that 
whilst direct reception from the Multivibrator is not possible, 
reception is possible when the oscillator is caused to beat as in­
dicated previous! y. Calibration is then very exactly carried out 
by the method of double beating previously described, the settings 
of 0 being varied through the desired range of calibration. 

Oscillations having frequencies ranging up to roo,ooo '"" p.s. 
can be very quickly accurately calibrated in this way. The agree­
ment which can be obtained with the Multivibrator frequencies is 
exceedingly close, as will be seen by the following example. 

Suppose the beating of the two side tones is at the rate of i per 
second-an easily obtainable result generally-then this means 
that one side frequency is l,ooot "'-' p.s. whilst the other is 
999t "'-' p.s., i.e., the displacement of the oscillator from the 
M ultivibrator is only ! "'-' . If the harmonic point under opera­
tion is the 5oth, this means an agreement of ! part in 50,000, or of 
r part in roo,ooo. Such accuracy is of course usually quite value­
less with a valve oscillator used as a frequency meter, where the 
frequency is liable to change from so many causes, but it illus­
trates what is easily obtainable and is moreover necessary when 
measuring external frequencies to a high degree of accuracy by 
the following method. 

MEASUREMENT OF FREQUENCY OF RADIO TRANSMITTING STATIONS. 

The M ultivibrator allows of calibration in terms of definite 
steps-readily in steps of r,ooo "'-' p.s. as previously described­
and only slightly less readily, by an elaboration of the same 
phenomenon of double beating, in terms of 500 "" p.s. 

vVhere, however, some odd frequency is concerned, some 
method of interpolation is required, and if the accuracy of r in 
10,000, with which the frequency of the fork can be relied upon, is 
to be preserved, it is essential that the interpolation must be of a 
high order of accuracy. 

The method whereby such measurements are carried out de­
pends for its accuracy upon a special condenser in the capacity 
element of a valve oscillator. A valve oscillator of large range is 
used, having in its oscillating circuit a variable condenser par­
alleled with fixed condensers of about five times its maximum value. 
The variable condenser, of maximum capacity 1,200 µµF, is fitted 
with a large scale, 16" in diameter, divided into l,800 divisions. 
The condenser is of standard type and has but a negligible devia­
tion from a straight line capacity to scale reading characteristic. 

The arrangement of apparatus is as shown in Fig. 4. Here X 
is the special oscillator and R is the receiver, provided with its 
own heterodyne oscillator H.O., which is used for picking up the 
station to be measured. 
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The procedure is as follows. The station is first received on R 
and then by the coupling shown the signals are passed on to the 
receiver S. The oscillator X is set going and set so that it gives 
a note with the heterodyne oscillator H .0. of the receiver R. The 
setting of the condenser o.f X is then adjusted until the notes due to 
X and I-LO., and H. 0. and the received signal respectively, sets 
up a beating audible in the telephones of the receiver S. By 
adjusting X until the frequency of the beats between the two notes 
is less than r per second, coincidence between the frequency of X 
and the received signal is obtained. It is necessary to ensure that 
X and the signal are not on opposite sides of H .0. as regards 
frequency, and this can be readily tested by varying I-LO. slightly. 
If the beating then ceases, X and the signal are on opposite sides 
and X must be readjusted to the correct position. 

Te.leph.on.C5 

s­
Multi-Vclve 

Receiver.' 

FIG. 4. 

Telephones 

Volve Oacill otor X 
Con.ta1rtil'2J Speciol Cor1.de11.•cr: 

The point of coincidence P on the scale of X is then read ( the 
scale is viewed through a lens) and the receiver R cut off. Two 
points P 11 P 2 are then obtained, one on each side of P, correspond­
ing to two successive harmonics of the Multivibrator, by the 
methods previous! y explained. [The points P,, P 2 can be 
obtained 500 "'-' apart, but this is not usually necessary.] 

The whole set of readings should and can easily be taken 
within a few minutes, during which interval, if ordinary precau­
tions are taken, no frequency change of the oscillator within r part 
in ro,ooo should occur. 

The evaluation of the frequency corresponding to P is then 
obtained from the following : -

fp= "//...p where Ap=a. {A/+ -�2-_�1 (A.22-A./) F ....... .. (1) 

whereA.1=v/f1 and f1=frequency corresponding to P1 
and A.2=v/f2 , , f2= , , ,, P2 

v = velocity of light and a = a constant depending on the 
temperature of the tuning fork. 
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The equation (1) is derived in the following manner:-
Let CP, C1 and C2 equal the capacities of the variable condenser 

corresponding to the scale readings P, P 1 and P 2 and let C,, = total 
capacity in parallel with the variable condenser. 

ii 
I! 
0 

s 
� 

Then A.12 =A (C,,+C1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (2) 
/...p2=A {C,,+C1+ (Cp-C1)( • • • • • • . • . . . • . . . . . . . . • . . • • • • • • . . . • . . (3) 
,\22=A {C.+ C, + (C2-C1) ( ..................................... (4) 

/...p2 - ,\/=A (Cp-C1) 
and A.22-/.../=A (C2-C1) 

. ,\p2 - ,\, 2 cp -c, 
i.e., -x-2-/... 2 = C -C 2 1 2 1 

d 'p2 = ' ,2+ Cp-C, ( ' 2_, 2) an " A C2 - cl ll2 Jl1 
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FIG. 5. 

V/ith the condenser used no error within 1 part in 10,000 is 
involved by using the actual scalt> readings instead of the capacity 
values; hence we can write: 

,\p = {A., 2 + ;-;� �] (,\2 2 -A12) p . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .  (5) 

The tuning fork used has a frequency slightly less than I ,ooo 
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<'-' p.s. and this changes with the temperature at the rate of r part 
in ro,ooo. 

Hence if it is assumed that the frequency is I ,ooo when 1t 1s 
some other value n, a correction for frequency n/ rooo has to be 
applied. This fraction reverses when dealing with wave-lengths 
and becomes rooo/n = a in equation (r). 

Besides enabling prior measurements of frequency to be carried 
out, the method allows of small changes of frequency to be readily 
observed, the condenser scale of the oscillator X being such that 
these small changes are easily followed. 

Much work has been done in this connection and Fig. 5 gives 
some examples of observations carried out on Leafield during 
periods of working extending throughout the day. 

Tests carried out simultaneously at the Radio Laboratory, 
DoIIis Hill, and at New York on the frequency of two American 
Stations gave the following interesting results as affording com­
parison between the two frc:quency standards : -

Station. , New York. 
"'p.s. 

--�·-·-
------

57,003 ) 
56,993 r 
57,007 ) 2XS 

I 57,001 

56,999 } 
56,997 

I Dallis Hill. Stntion. New York. I Dallis Hill. 
I "'p.s. "'p.s. "'p.s. 

17,113 
56,987 

17,117 17,112 

17, I 14 

56,994 WQL 
17,113 

17,108 17,1 IO 

56,988 
17,107 

A portable piece of apparatus, utilising the principle of double 
beating and devised in order that the nature of the variations in 
the frequency of a transmitting station can be observed on the 
station, is illustrated by Fig. 6. 

Here the circuit A is both an oscillator and receiver and serves 
to pick up the emission of the station and give a beat note in the 
telephone receiver controlled by the condenser a. Circuit B is a 
low frequency oscillator so arranged that variation throughout the 
range of the condenser b causes a frequency change of the order of 
50 cycles or less, the scale of b being calibrated. 

Thus by suitablv adjusting b, the note due to B and the note 
given bv A with the emission of the station can be caused to give 
slow beats. Any variation in this beating will be due to variations 
in the station frequency, and the variation can be measured by 
bringing the condenser b into position to give slow beats. 

The circuit C is a plain H.F. oscillator similar in construction 
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to circuit A and is for the purpose of testing the constancy of the 
apparatus. By setting all three circuits going and so tuning that 
the transmitting station is not audible, the note given by A and C 

Pickup Coil if required. 

A B c 

c 

FIG. 6. 

can be made to give slow beats with that due to B, and this beat. 
ing should be maintained constant if the value conditions are in 
good order. 

LEAFIELD RADIO STATION. 

REPAIRS TO COOLING POND. 

THE circulating water for the condensing plant at the Leafield 
\.\Tireless Station is pumped from a spring about two miles distant 
from the station, a pond being provided adjacent to the power 
plant for storage and cooling purposes. The pond has a capacity 
of r,000,000.gallons vvith a surface area of 57,600 square feet, the 
capacity of the circulating pumps for the condensers being such 
that this quantity of water is circulated through the condensers in 
24 hours. 

Fig. l gives a plan of the pond and also shows the baffle 
arrangements of walls provided to make the course of the water 
from the outlet to the inlet as circuitous as possible in order to 
secure the maximum cooling effect. Fig. 2, which is a photograph 
of the whole pond, also shows the baffle walls. 

The pond was constructed partly on made-up ground and 
partly on a natural rock bed. It is lined with ro inches of puddled 
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clay and finished with a layer of concrete slabs (3 feet square and 
2 inches thick) laid on the clay, the joints being grouted with 
cement. These slabs were provided merely as a protection to the 
clay, not to serve as a means of keeping the pond watertight. A 

section showing the arrangement of the clay and slabs is shown in 
Fig. 1. 

!l+---1---------- 234-0"--11---- -------+---l--+-----41 
1------ ----- 20.i:.o·--11-------- -------+--I-< 

.l 
·..t ·..t 

' 1 

PLAN 

SECTION M 
(To LAR6�R sc ... LE) 

FIG. 1.-PLAN OF THE PoNn. 

Early last year a leakag-t> of the water was observed, which 
gradual! y grew worse until towards the end of the year the pump­
ing plant was unable to maintain the level of the water and the 
repair of the pond became imperative. 
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As repairs of this nature would probably take a considerable 
time, and as it was not desirable on the ground of economy to run 
the plant non-condensing whilst they were being effected, it was 
decided to erect a temporary wooden dam between points X and Y, 
Fig. 1, which, with the lining of the weir and the cutting of an 
outlet through the wall at vV, would enable the plant to be run on 
the western half of the pond while the repair of the eastern half 
was taken in hand. In order to secure complete co-ordination 
between the somewhat complicated arrangements for carrying out 
the repairs and the running of the Station, it was considered 

Frc. 2.-VlEw OF THE POND. 

essential that the work should be carried out by the station staff 
augmented by local labour. 

The baffle walls are of light construction, and in order to make 
them sufficiently strong to ·withstand the load to which they would 
be subjected while the work ·was in progress, owing to the pressure 
of water being on one side only, steps were taken to strengthen 
walls vVX and YZ (Fig. I). This was carried out in the following 
manner:-

The water level of the pond was allowed to fall to r foot 
6 inches, a level which permitted men equipped with waders to 
work in the pond, and baulks of timber were bolted horizontally 
along the wall r5 inches from the bottom. Struts were then 
erected, with notches at each end, one to engage with concrete 
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slabs on the bottom of the pond (a slab being raised at each strut 
position for the purpose), and one to engage with the bearer on 
the wall. These struts were spaced six feet apart. Fig. 3 gives 
the details of the strutting of these walls. 

A caisson, which consisted of a three-sided box, 4 feet by 6 feet, 
fitted with a skirt round the three sides six inches high and six 
inches from the bottom edge, was used to enable the bolt holes in 
the walls to be punched and the slabs on the bottom of the pond to 
be lifted. It was placed in position with its open end against the 
wall, puddled clay was rammed in the skirt and around the vertical 
edges. The water in the caisson was then pumped out, the con­
crete slab broken up and lifted, and the hole punched through the 
wall. 

' .. v·.;� . 
C·c 

.. r .. 

" '  
c <  

. _, 

- --·�:=:.·! 

FIG. 3.- DETAILS OF CONSTURCTION OF DAM AND STRUTS. 

YVhen this work had been completed right along the walls, the 
horizontal baulks were fitted in position, bolted to the walls and 
the struts cut and fitted. A wooden template was used as a guide 
in cutting the struts as both baulks and struts had to be fitted 
under the water. No two struts were of the same length owing 
to the varying line of the slabs, and in order to avoid the difficulty 
of cutting the struts to the exact size they were cut slight! y short 
and tightened up by means of wedges driven behind the baulks 
secured to the walls. This method considerably expedited the 
work and saved wastage in timber. 

The dam was built of six strong wooden sections, each arranged 
to overlap its neighbour by a few inches. This was strutted in a 
similar manner to the walls, the caisson being used to lift the floor 
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slabs. The sections were put in position and heavilv weighted 
whilst the struts were fitted. It was next puddled all along its 
bottom edge of the water side. 

Drawings of the dam and its struts are shown in Fig. 3; Fig. 4 

shows its construction. 
\i\Then these preliminaries were completed, the eastern half was 

cut out of use and the bulk of water remaining in it was pumped 
into the western half by means of floodgate pumps. The last six 
inches were pumped and syphoned over the bank owing to the 
large amount of deposit contained in the pond. 

Much difficultv was experienced in keeping the dam tight at 

FIG. 4.- THE DAM AND ITS STRUTS. 

this stage. On several occasions it was found necessary to re-ram 
the clay, and it was subsequently found that it was almost im­
possible to make a tight joint by means of rammed clay in the 

position which the dam occupied, owing· to the fact that a cement 
seam between the two rows of slabs existed at the line of the dam 
and that this seam was far from flat. Very wet and cold weather 
was experienced when this part of the work was in hand, and on 
two occasions heavy faris of snow had to be cleared away before 
the work could be proceeded with. 

Several leaks were found in the pond bottom, apparently caused 
by the fact that portions of the clay lining are soluble in the com-
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paratively warm water of the pond. Having regard to this it was 
not deemed advisable to rely solely on the rammed clay to keep 
the pond watertight. Several alternatives were considered and 
eventually it was found, as the result of experiments carried out on 
small sections of the pond, that the most economical and satis­
factory method was to drive the cement grout between the slabs 
down to a depth of one inch, caulking above this with tarred 
strands of hemp rope and finally pouring in molten bitumen on 
the rope strands until it was flush with the surface of the slab. 
This involved a large amount of labour; the slabs had to be 
thoroughly dried before the bitumen was poured into the joints 

FIG. 5.--THE NEW WALL. 

between them, as it will not adhere to wet surfaces. Altogether 15 

cwt. of rope and 4 tons of bitumen were used in caulking the 
6,ooo odd slabs laid on the bottom of the pond. 

While the work was in progress it was decided to make arrange­
ments which would enable the work of cleansing the pond, as well 
as any future work on the bottom, to be carried out without expen­
sive preliminaries. The baffle walls were strengthened by per­
manent concrete buttresses, these being built over the existing 
wooden baulks of the temporary strutting. When the buttresses 
had set, the temporary strutting was removed and the baulks cut 
away, the piece remaining in the buttress beina left, 
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A 12-inch thick concrete wall with a sluice gate was built on 
the dry side 0f the dam. The shuttering for this wall presented 
an interesting problem as all the strutting had to be done without 
lifting any of the slabs owing to the danger of damaging the 
temporary dam. This was accomplished by placing in position 
the footings of the wall and leaving cored holes into which the 
verticals of the shuttering fitted. The verticals were braced to a 
horizontal bearer resting on the bottom of the pond. Verticals on 
each side were placed opposite each other and were securely 
fastened together at the top. The boards of the shuttering were 
slipped into position inside the vertical framework as required. 

The mixing of the concrete was carried out on the pond bottom 
adjacent to the new wall and although all material had to be man­
handled on to the site the whole of the concr�te for the wall from the 
footings to the top was mixed and poured in one day. A rein­
forcement of iron wires laid horizontally from end to end was 
utilized. The new wall can be seen in Fig. 5. 

A new suction pit was built and the weir extended to its new 
position, the latter being carried on the top of the supporting 
buttresses. Sluice gates were fitted in this weir and on both 
suction pits to enable the water from the circulat111g pumps to be 
delivered to and drawn from either half as required. 

Buttresses were next built on the western half of the baffle 
walls, the caisson being again brought into use as water was still 
contained in this half. 

vVhen the concrete had set the appropriate sluice gates were 
shut and the bulk of the water in the western half was transferred 
to the eastern half by means of the circulating pumps. The 
remainder of the water with the deposit was pumped over the banks 
and the work completed by treating the bottom of the western half 
of the pond in a similar manner to that described for the eastern 
half. R. G. DE WARDT, A.M.I.E.E. 

OVERDAMPED CONDENSER OSCILLATIONS. 

J3 y the late CHARLES P. STEINl\IETZ. 

(Extracted from the i1fay issue of the Journal of the American 
Institution of Electrical Engineers.) 

REVIEW OF THE SUBJECT.-ln the classical equations of the 
discharge of a condenser of capacity C into an external circuit of 
resistance r and inductance L, it is found that the discharge is 

oscillatory if r < J fCL, and is impulsive if r > J4-cL . 
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As lhe perfeci condenser can never be realized in practice, it is 
the purpose of this paper to show the effect of the condenser leakage 
on the discharge wave. 

The iniperfect condenser is represented by the perfect condenser 
C shunted by the conductance g. This condenser discharges into the 
circuit L and r as above. The mathematical discussion shows that 

no 1natter what the relation between r and J 4 /; , there may al­

ways exist some value of g for which the discharge is oscillatory. 
This is the case when 

(r/L-g/C) < J f C 

. ·  J4L gL 
i.e.,r< 

C + C 
It is to be borne in mind that the above holds true only when 

r, L, C, and g are constant. If the resistance is that of a third 
class conductor, the discharge will always be oscillatory. 

An apparent paradox is found in the statement that the current 
may be more than 90 deg. out of phase with the voltage. A study 
of the derived equations, remembering that the current under con­
sideration is only one of the two components forming the total dis-

charge current ( C � : ) of the condenser (the leakage current g e 

being the other), will show that this is true. A study of the oscillo­
grams will fiirther confinn the theory. 

I. GENERAL AND EXPERIMENTAL. 

THE classical equations of the condenser discharge through an 
inductive circuit show that the discharge is oscillatory, if the 
resistance of the discharge circuit is less than a certain critical 

value 2,YL/C; and in this case the damping of the wave is 
geometric, that is, the quotient of two successive half waves is 
constant. The discharge is impulsive, if the resistance of the dis­
charge circuit is greater than the critical value. 

This, however, applies only if the circuit factors: resistance, 
inductance and capacity, are actually constant. It does not apply 
if the resistance is that of a third class conductor, that is, if the 
potential drop across the resistance decreases with increase of 
current. In this case the discharge is always oscillatory, but the 
damping is either arithmetic, that is the difference of two successive 
half waves is constant, or it is a combination of arithmetic damping 
and geometric cumulation. 

Even with constant values of resistance, inductance, and 
capacity, the classical condenser discharge equations hold only for 

224 



OVERDAMPED CONDENSER OSCILLA'i:IONS. 

the ideal condenser, that is, a condenser in which no energy losses 
occur. If energy losses occur in the condenser-as is usually the 
case-the discharge remains oscillatory even for values of the dis­

charge resistance greater than the critical value 2,.,IL/C, and the 
discharge oscillates the more; the higher the energy losses in the 
condenser. No matter how high the resistance of the discharge 
circuit, there always exists a value of energy loss in the condenser 
(which depends on the value of the discharge resistance) at which 
no impulsive discharge is possible, but the discharge is always 
oscillatory. This occurs when the damping of the wave due to 
energy losses in the condenser, equals that due to the discharge 
resistance. The damping is then geometric. 

The frequency of the oscillation, and the limit up to which the 
discharge is oscillatory, depends on the difference between the 
power dissipation in the discharge resistance, and that in the 
condenser losses, while the attenuation or damping of the discharge 
wave depends on the sum of the losses. As a result of the com­
bined losses, such discharge waves may have rates of attenuation 
far greater than possible in the classical equations of the ideal con­
denser. They may therefore be called Overdamped Oscillations. 

In such overdamped discharge oscillations of the imperfect 
oondenser, only a fraction of the first half wave may be of appre­
ciable magnitude. That is, in the current wave, the maximum 
(which with the alternating wave occurs at 90 deg., and with a 
wave of low damping near 90 deg.) may occur at 20 deg. to 30 deg. 
and still earlier; the wave from then is very much steeper than the 
wave tail, similar to the case in the non-oscillatory impulse; the 
wave shape, however, aiffers from the latter, and the current and 
voltage wave pass through zero at a definite point, while in the 
non-oscillatory impulse they never reach zero, but gradually fade 
out. 

FIG. 1. 

As illustrations are shown in Figs. l and 3 the calculated 
current and voltage waves and in Figs. 4 to 7 the observed oscillo­
grams of a series of such overdamped condenser discharge waves, 
for a condenser of C = 1;.f. capacity discharging through an m-
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ductance of 5 henrys. This gives the critical resistance r0 = 2 ./ L/ C 
= 2000 ohms. 

In ( r) is shown the discharge, given by the classical equations 
for zero condenser loss and a discharge resistance of r= 2400 ohms, 
that is, an impulsive or unidirectional discharge. 

FIG. 2. 

In (z) the discharge resistance has been reduced to 2100 ohms 
(which with a loss free condenser would still give an impulsive 
discharge) but such a power dissipation in the condenser has been 
assumed, as to give the same damping constant as (r). The dis­
charge then has become oscillatory. 

FIG. 3. 

(3) to (7) give the discharges fo.r successively lower discharge 
resistances. r = r8oo, 1200, 600, 300 and o ohms, but with 
successive! y increased power dissipation in the condenser, so as 
to give the same total resultant dissipation constant. As seen, in 
(7), for zero discharge resistance, the discharge has again become 
impulsive, due to the strong damping by the condenser losses, 

FIG. 4. 
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although the •,hape of the voltage impulse is very different from 
that in (1). The frequency of the discharge increases with in­
creasing oondenser losses, up to (4), the case at which the con-

FrG. 5. 

denser losses equal the losses in the external circuit and the con­
denser losses neutralize the effect, on the. frequency, of the dis­
charge resistance, and the frequency is the same as that of an 
undamped wave. 

FrG. 6. 

(1) to (7) thus give forms of waves, of the same condenser dis­
charging through the same inductance with the same damping, 
that is, the same attenuation oonstant, but the losses, that is, the 
power dissipation which causes the damping, shifting from all in 

FIG. 7. 

the external circuit and none in the condenser, in (1) to all in the 
condenser and none in the external circuit, in (7)· As seen, the 
current waves in (7), (6) and (5) are the same as in (r), (2) and 

. (3); but the voltage waves are materially different. 
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A,s a further illustration, the current and voltage discharge 
waves of the same condenser are calculated, C = 5 p.f. over the 
same inductance L = 5 henrys, and a constant discharge resist­
ance r = 2400 ohms, and with amounts of power dissipation in 
the condenser, varying from zero in (1), up to a value in (5), which 
doubles the dissipation constant of the discharge. 

II. MATHEMATICAL. 

Let: 
C = Capacity of the condenser. 
L = Inductance of the discharge circuit. 
r = Resistance of the discharge circuit (including the effective 

resistance representing the energy losses in the induct­
ance). 

If energy losses occur in the condenser, an energy component 
occurs in the condenser current, which can be represented by an 
effective shunted resistance or shunted conductance. Thus let: 

g = Effective shunted conductance representing energy losses 
in the condenser. 

\Ve thus have, in the general case : 
C = Coefficient of energy storage by the voltage, in the capacity 

of the condenser 
L = Coefficient of energy storage by the current, .in the induct­

ance of the external circuit 
g = Coefficient of power dissipation by the voltage, m the 

effective shunted conductance of the condenser 
r = Coefficient of power dissipation by the current, m the 

(effective) resistance of the external circuit. 
Let: 

e = Voltage at condenser terminals, with e = e0 as initial value 
at time t = o 

i = Current in the external circuit, with i = o as initial value. 
It is then: 

In the external circuit: 

In the condenser : 

L 
di . 

( e = -(ff" + r i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1) 

. 
c

de 
() - i = -

d 
t + g e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Substituting (1) and its differential into (2) gives the differential 
equation of current: 

where: 
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d2 i di I + 'Y g 
dt2 + 2 u -dt + L C 

i = o . . . . . . . . . . . . . . . . . . . . (3) 

u = l/2 (r/L + g/C) . ... . . . . . . .. . . . . . . . . . . . . . . .  (4) 
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is the attenuation constant, and 

m = 1/2 (r/L - g/C) . . . . . . . . . . . . . . . . . . ... . . . . . .  (5) 

is the distortion constant.* 
Equation (3) is integrated in the usual manner by terms of the 

form: 
i = A e-ct 

which, in the case that c becomes imaginery, combine to a term: 

i = B e-ct sin q t 

and by the substitution of the terminal conditions, gives: 

A. IMPULSIVE DISCHARGE. 

m2 > L �--· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (6) 

i.= 
Co ( -clt -c2t) 2SL e - e . . .... . . . . .. . . . . . . . . .... . . . . . . . . . . . . . . . . . .  (7) 

( m + s -clt m - s 
e = C0 2 s 

e - --2S e-czt ) . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  (8) 

where: 

s = J 

C1 = U - S 
C2 = U + S 

2 l 
m = L C  

...................................................... (9) 

............................................ 
-
......... (10) 

The current is a maximum at the time : 

t = log/�1�tf�g(;1 . . . . ... . . . . . . . . . . . ... . . . . . . . . . . . . . . . ... . . . . . . . . . . . . .. . . . .  (11) 

B. CRITICAL DISCHARGE. 

2 - I ( ) m - L c· .... . . . . . . . .. . . . . . . . . . . . . . ... . . . .  12 

i = c0/L t e-ut .. . . . . . .. . . . . . . . . . . . . .. . . . . . . .. . . . . .. . .. . . . . . . . . . . . . . . . . .  (13) 
C = C0 e-ut (I + m t) ................................................ (14) 

The current is a maximum at the time : 

t = _I 
u 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (15) 

C. OSCILLATORY DISCHARGE. 

m2 < L
1

C . . .. . . . . . . . . .. . . . .. .. .. . . . . . . . . . . .  (16) 

• Co -ut · t (I 7) i = qL e sin q ................................................. . 

e = c0 e-ut (cos qt + m/ q sin q t) . ... . . . . .... . . . . . . . . . . .. . . . . . .... . .. . . . . .  (r8) 

* See A. I. E. E., " The General Equation of the Electric Circuit," 1907. 
Also: " Theory and Calculation of Transient Phenomena, Section IV.," page 46:1, 509. 
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where: 

q = J LI: - mz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (19) 

The current is a maximum at the time: 

tan qt = q/u . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (20) 

As seen, with increasing energy loss in the condenser, m 

decreases to zero and then becomes negative, and the phase relation 
between voltage and current thus changes from.less than quadrature 
to quadrature to more than quadrature. 

Although at first glance this statement may seem impossible, 
and may be impossible for steady conditions, we believe that this, 
like rriany other seeming paradoxes in the study of transients, is 
perfectly true. 

c 

C 
de 
dt 

ge 
L 

g 

r 

FIG. 8. 

Referring to the diagrams, in Fig. 8 the capacity c, shunted by 
the conductance g, represents the imperfect condenser. 

c -�� = current supplied by condenser. 

g e = current through g (through imperfect condenser). 

i = current through L and r (external circuit). 

e = condenser voltage. 

( 1 ) The current g e, being through the pure resistance g, must 
be in phase with the voltage e. 

(2) The vector sum of the currents through the external circuit 
(L and r) and through g must be equal to the current supplied by 
the condenser. 
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In Fig. 9 

c 

\ i \ \ i \ .,, I \  
' 

I \ 
\ \ \ \ 

A 
B B' 

• 

FIG. 9. 

A 0 represents the condenser voltage e. 
B 0 represents the current g e in phase with e. 

C 0 represents the condenser current C -�-� , out of phase with e 

by the angle C 0 A. 
D 0 represents the external current i, out of phase with e by the 

angle D 0 A. 

Now, change the circuit constants (g, L, and r) so that C --�f 
bas the same relation to e as before, but g e has taken the position 

0 B'. Then, as tile vectorial sum of i / g e must be equal to C -� �, 
then i must take the position 0 D' which is displaced from c by the 
angle D' 0 A obviously greater than 90 deg. 

A study of oscillograms for cases 5, 6 and 7 of the first instance 
given in the paper will corroborate the above analysts. 

D. NOTES. 

The energy dissipation in the system 1s gi\·en bv the same 
equations in all three cases, as : 

at: 

r (!2) + g (E2) = rj00i2 dl + g j00e2d t 
0 0 

re02C ge02(l+urC) 

4L1i(l+r�g) + 
4u(l+rg) . . . . . . . . . . . . . . . . . . . . .  (21) 

The current slope is a maximum for : 

i di 
= eo/L 

r d t Jt=o 
The voltage slope is a maximum for : 

d2 e 
dt2 = 0 

tan qt = 
q2 _ u2 

2 q u 
de 

dt = - eo €-ut (u cos qt + q sin qt) 
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OVERDAMPED CONDENSER OSCILLATIONS. 

In the classical equations of the condenser discharge, the term 
r 

2 L takes the place of both of the terms, u and m, of the general 

equations. 

III. INSTANCES. 

As an instance, let : •e0 = 10,000 volts. 
C = 5 µf. = 5 x I0-6 = capacity of condenser. 
L = 5 henrys = inductance of discharge circuit, thus : 
z0 .;L/C = woo ohms = surge impedance, and 
r = 2 z0 = 2000 ohms = critical resistance, at which the 

discharge of the ideal condenser changes from oscil­
latory to impulsive. 

I 

L C- = 200 = frequency constant. 

Choosing then the discharge resistance r, and the shunted con­
ductance of energy loss in the condenser g, so as to give a constant 
attenuation, that is, at constant total attenuation u,_ the energy 
losses are divided between the external circuit and the condenser, 
m different proportions. 

it = r/2 (r/L + g/C) = 240 
Seven cases are o-1ven ,., In Figs. I to 3 and oscillograms Figs. 4 

to 7, for the constants: 
(1) (2) (3) (4) (5) (6) (7) 

'fo. 2 3 2 

Figs. 4 .5 6 7 
24co 2100 1800 1200 600 3o::i o ohms 

g = 0 0.3 · o.6 I.2 r.8 2. 1 2.4 x 10-3 
mhos 

thus 
'IH 240 180 120 0 - 120 -180 -240 

q .j _� - 1112 = 87.i 160 200 160 87.2 
LC 

s .,/ 1112 - - 1. --
LC 

1J2.6 1 32.6 

Current. Terminal Voltage at Condenser. 

(l) i = 7.55 (e-l07.4t _ e-372.C.t) e = roooo (1.41 e-·l07.4t -.41 e-372.Gt) 

(z) i = 23 c240tsin 87.2t e = roooo e-2401(cos 87.2t+2.07 sin 87.21) 

(J) i = 12.5 e-240tsin 16ot e � 10000 e-2401(cos 16ot+.75 sin 16ot) 

(4) i = 10 e-240tsin 2oot e = 10000 e-240tcos 2oot 

(5) i = 12.5 e-240tsin 16ot e = 10000 e-2401(cos 16ot-.75 sin 16ot) 

(6) i = 23 c240tsin 87.2t e = 10000 e-2401(cos 87.21-2.07 sin 87.21) 

(7) ; = 7.55 (e-107.·lt --e-372.Gt) e = 10000 (-.41 e-101.4t + r.41 .-a12. 6t) 

In the oscillograms, as near! y as possible the same constants 

were chosen, and as seen, the oscillograms are identical in wave 

shape with the calculations (except for a slight inductive effect at 
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the beginning of the voltage wave). For convenience, the current 
is shown in reverse direction, and as time measure, a 60-cycle wave 
1s given. 

As a second instance, consider : 
The same e0, C, L, z0, etc., but a constant value of the discharge 

resistance : 
r = 2400 ohms 

and various values of shunted conductance g, from zero to a value 
equal in energy dissipation to r. That is: 

No. (1) 

g 0 
thus 11 240 

m 240 

q 
s 132.6 

Current. 

(1) i = 7.55 (e-107.41 -e-372.61) 
(2) i = r5.6 (_-2os.s1 -c334.2t) 
(3) i = 23 cao0tsin 87.2t 
(4) i = 12.5 e-360tsin r6ot 
(�) i = ro e-4SOtsin 200 

(2) 

·3 
270 
210 

64.2 

(3) (4) (5) 
.6 1.2 2 .4 x 10-a mhos 

300 360 480 
180 120 0 
87.2 100 200 

Voltage at Condenser Terminals. 

e = roooo ( r.41 e-107.41 e.41 e-372.Gt) 
e = roooo (2. 14 e-205.Bt - r. 14 e-334.21) 
e = roooo c300l(cos 87.2t+2.07 sin 87.21) 
e = 10000 ,-a•0t(cos r6ot+ .75 sin 16ot) 
e = 10000 e-4 80tcos 200! 

HEADQUARTERS NOTES. 

EXCHANGE DEVELOPi\IENTS. 

The following \\·orks have been completed:-

Exchange. 

Broughty Ferry 
s,vansea 
Sketty 
Dundee 
Cardiff Extension ... 
Clerkenwell Extension 
Liverpool, Old Swan 
Liverpool Royal 
Cardiff Royal Infirmary ... 
Cooper Stores, Ltd. 
Curwen Press 
Isobel's, Ltd. 
Jute Industries, Ltd. 
Oxendale, Ltd. 
Salts, Ltd. 
Star & Garter Home 
United Glass Bottle Co . .. . 
J Wix & Sons, Ltd. 

Type. 

Automatic 

" 
Manual 

" 
Auto. P.B.X. 

No. of Lines. 

550 
3340 
3200 

300 
1500 
1800 
ro8o 
6140 

50 
60 
20 
40 
90 
30 
20 
30 
50 
30 
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Orders have been placed for new Exchanges as follows : -

Exchange. 

Hayling Island 
Holborn Tandem 
Brighouse 
East Ham .. : 
Hoy lake 
Leigh (Lanes.) 
Openshaw ... 
Achille Serre, Ltd. 
Ansell's Brewery, Ltd. 
Charing Cross Electric 

Light Supply 
J. Duckworth, Ltd. 
Higgs & Hill 
Jaegers, Ltd. 
J. Ke ill er & Son , Ltd. 
Leyton U .D. Council 
F. J. Parsons, Ltd. 
Spillers Milling Co. 

Type. 

Automatic 
" 

Manual 

Auto. 'J:>. B.X. 

No. of Lines. 

107 

440 
1700 
1520 

680 
1400 

40 
30 
50 

30 
40 
90 
60 
30 
'.)O 
90 

Orders have been placed for extensions to existing equipments 
as follows:-

Exchange. 

.\nfield 
Birmingham Central 
London Toll 
\largnte 

Type. No. of Lines. 

i\'lanual 

600 

A Valve Amplifier has be!"n designed to enable a subscri1Jer to 
connect a number of P.B.)(.. e�tensions simultaneously at either 
or each end of a connection ·without degradation of transmission 
efficiency. The apparatus which gives single amplification has two 
valves, one for the transmitters and the other for the receivers. 

THE Relay Automatic Telephone Company of Marconi House 
has secured, in strict competition, an important contract to sup2ly 
H.M. Dockyard, Chatham, with a special model 550 line "Re­
lay " Automatic Telephone Installation and also to supply a 50 
line "·Relay " Exchange for the Army, Navy and Air Force 
Hospital, Chatham. The work of manufacture has already begun 
and it is anticipated that these exchanges will be working shortly. 

The installations are to replace the existing Manual Equipment 
at both places , but a special building is being erected to accom­
modate the 550 line " Relay" at the Dockyard, where a new Main 
and Intermediate Distributing Frame will be installed, also a new 
Manual Board to control the 40 Trunks to various exchanges. 
Although two positions will be fitted to the latter, only one 
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operator will be on duty instead of the four at present required to 

operate the existing Manual Exchange. No operator will be em­

ployed in connection with the Hospital Installation. Both models 

are of the latest 32 volt type, the Dockyard Exchange being on the 
Trunk Link principle, and operated by batteries having a capacity 

of 350 A/H. 16 Subscribers will have conference facilities on the 
Dockyard Exchange and 50 will have priority of service, while 3 

lines will have priority on tbe Hospital Automatic Exchange. 
Two ringing machines will be fitted on the 550 line exchange, 

one of which will run off the 220 volt mains and the other off the 
exchange battery. 

The Hospital Exchange will be equipped with duplicate ringers, 
both of which wit 1 run off the exchange battery. 

The Dockyard Building will be equipped with a motor gener­
ator for charging the batteries, and in the case of the Hospital 
Exchange the charging \Yill be carried out bv resistance from the 
220 yoJt mains. 

i\fr . .  \. T. K.inse\·, who retired from the service of the Depart­
nwn( some two years ago, has lwron appointed Engineer-in-Charge 
of the Telephone Department, States of Jersey. Mr. Kinsey, it 
will be remembered, was Assistant Superintending Engineer of 
the South YVestern District when he retired, and his many friends 
in the west country and in Treland will be pleased to hear of his 
rejuvenation and renewed activities in the salubrious isles in the 
Channel. 

LONDON DISTRICT NOTES. 

l\!IILEAGE STATISTICS. 

DURING the three months ended 3oth June, 1924, the following 
changes have occurred : -

Te legraphs.-Nett decrease of 192 miles of open wire and a 
nett increase of 349 miles in underground. 

Telephone (Exchange).-Nett increase of ro miles and 25,351 
miles in open wire and underground respectively, and a nett 
decrease in aerial cable of 248 miles. 

Telephone (Trnnks).-Nett decrease of 28 miles of open wire 
and a nett increase in underground of 1,516 miles. 

Pole Line .-Nett increase of 87 miles, bringing the total to date 
to 4,827 miles. 

Pipe Line .-Nett increase of 55 miles, the total to date being 
5,463 miles. 
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The total single wire mileages at the end of the period under 
review were : -

Telegraphs 23,720 
Telephones (Exchanges) I,497,603 
Telephones (Trunks) ... 47,966 
Spares 50, 186 

The unusual drop in Telegraph open wire mileage is due to a 
considerable removal of circuits from open routes on the Southern 
Railway to the Department's underground cables. 

EXTERNAL CONSTRUCTION. 

During the quarter ended June 27th, 1924, ro, 146 exchange 
lines, 5, 732 internal extensions and r, 161 external extensions were 
provided. In the same period 2,844 exchange lines, 2,360 internal 
extensions and 342 external extensions were recovered, making nett 
increases of 7 ,302 exchange lines, 3,372 internal extensions and 
819 external extensions. 

INTERNAL CONSTRUCTION. 

New Exchanges.-New Exchanges have been opened at Wool­
wich and Upper �T arlingham during the past quarter. vVoolwich 
is one of the C. B. r type, and has been installed by Messrs. Siemens 
Bros. The initial equipment consists of 13 A and 6 B positions. 
Upper \VarJingham is a C.B.S. Multiple Exchange of three posi­
tions, and has been installed by the Department's staff. 

A new C.B. ro Exchange of 7 positions is in course of con­
struction by the Department's staff at New Malden. 

It is anticipated that the installation of the new Exchanges at 
Albert Docks, Enfield, Mill Hill, Palmers Green, and Tilbury will 
be commenced shortly. 

The installation of the Holborn Mechanical Tandem Exchange 
by the A.T .M. Company is proceeding, and the plant for the 
Holborn Automatic Exchange, which will be located in the same 
building as the Mechanical Tandem, is being delivered. 

Extensions of Exchange Equipment.-The amount of work of 
this nature at present in hand is considerable, a large number of 
the exchanges in the London District being involved. 

P .A .B .X . ' s .-There are now 2 l Private Automatic Branch Ex­
changes working in the London District, and orders have been 
placed with Contractors for a further 19. 

A small P.A.B.X. of the Unit No. 4 type (Western Electric 
Company's pattern) has been installed at Messrs. Garstin's, Alders­
gate Street. The installation is the first of its type installed by the 
Department and has equipment for 40 automatic extensions with 
the usual manual board control of exchange connections. The 
installation is a compact one and its behaviour is being watched 
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with interest. The whole of the installation was carried out by the 
Department's officers. A detailed description of the Western 
Electric Company's pattern P .A.B.X. will appear in next issue of 
the Journal. 

As a result of applications from subscribers, two interesting 
experiments are to be made. In one case, a subscriber requires a 
loud speaker to be fitted to his instrument in order to avoid the 
need for holding the receiver while information is being obtained 
by the person with whom he is in communication. The loud 
speaker apparatus has been installed and is now under trial. In 
the second case, a firm requires what may be termed a '' Con­
ference '' circuit, to enable several persons in the same office to 
listen to a telephonic conversation, and, if necessary, to speak, 
without introducing transmission difficulties. This circuit will, it 
is anticipated, be installed shortly. 

London Toll Exchange .-An extension of the equipment has 
been commenced. Twenty-five additional sections are being pro­
vided for incoming order wire junctions and control lines. Equip­
ment for 2 ro control lines, roo Toll lines, 240 incoming junctions 
and 27 incoming order wires is included in the extension. In 
addition, the Information Desk is being increased by four posi­
tions. 

J\l[echanical Tandem Trial Equipment.-A trial equipment is 
being installed in the City Exchange in conjunction with the 
provision of Coder Call Indicator apparatus at that Exchange. 
Two Mechanical Tandem Cordless B positions will be provided 
in the switchroom for handling the local transfer traffic on Citv 
Exchange and the calls will be completed on two of the City Cod�r 
Call Indicator positions. The trial equipment is to be used to gain 

·some experience of working under the conditions of the London 
Automatic system. 

The C.T.O. Section continues to deal with works of an excep­
tional character, or of special urgency, in addition to a large in­
crease of general work, such as extensions to main frames, cable 
racks, etc. 

Three fuse panels have been made outright, one of which is of 
considerable size ; but the outstanding work has been the con­
struction of three Telephone Kiosks to the design o.f eminent 
Architects. The Kiosks are intended to be of metal, but for 
experimental purposes have been largely constructed of wood. 
They are all very artistic and it will be interesting to learn which 
will be adopted to meet the very large demand anticipated as 
regards Street Kiosks. 

Telegraphs.-Three types of "start and stop" non-multiple 
telegraph instruments, of the keyboard variety, all capable of work­
ing duplex are now on trial. Morse is dying, but dying hard. 
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MR. E. W. J. TODD. 

His old colleagues in the London Engineering u1strict have 
learned with deep regret of the death of l\Ir. E. \V. J. Todd. 

l\fr. Todd was born in 1873. He entered the C.T.0. as a 

Telegraphist in 1890, was appointed to the Engineer-in-Chief's 
Department in 1897 and transferred to the Ministry of Pensions 
in 19r9. 

Never physically robust, Mr. Todd's energy was expended in 

mental activities and a well-stored mind made him a pleasant and 
interesting companion. 

Eyer ready to help, his kind!_,. nature and practical common­
sense were always at the disposal of those in difficulty. He leaves 
a sweet and fragrant memory. F .F. 

Nir. Todd was a member of the Committee elected by the Staff 
of the Engineering Departnwnt, in rqo5, for the purpose of estab-
1 ishing the Institution of P .0. Electrical Engineers, and be served 
on the Institution Council for the first two vears. His contribu­
tions to the discussions, man_,. of which in those early days turned 
on points of difficulty, were marked by a breadth of view which 
was of the g-reatest help, and his fund of humour proved of parti­
cular value on more than one occasion vvhen somewhat conf1icting· 
interests were in process of reconciliation. J.\V.A. 

RETIREMENT OF Mr. RICHARD WARING. 

MR. VJ ARING retired on June 3oth, 1924, from the position of 
Superintending Engineer, Scotland vVest District, at the age of 
60, after completing 48 years' service with the Post Office. 

Mr. \Varing commenced service in March, 1876, at a Sub-Post 
Office in Cheshire, where he learned the rudiments of postal and 
telegraph business On lSt January, 1882, he was appointed 
Sorting Clerk and Telegraphist at Liverpool, but be was there 
only long enough to gain an insight into the working of a large 
office. In December, 1882, he was transferred to a clerkship in the 
Engineering Department at Liverpool, where he came into close 
touch with Mr. J. R. Edwards, who was then Superintending 
Engineer of the North vVales District. 

In September, 1885, he was promoted and transferred to 
Edinburgh, where he served under the late Mr. J. Gibson, and 
continued at the Heriot Watt College the scientific and engineer­
ing studies begun at Liverpool. 

In l 890 he was promoted to the rank of second class Inspector, 
and in this capacity saw service in the North \Vales, North 
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Western and Irish Midland District. In the last-mentioned Dis­
trict he was responsible for the installation of block signalling 
apparatus on long sections of the Great Southern and Western 
Railway of Ireland. 

In August, 1897, Mr. \Varing was promoted to a first class 
Engineership under the late Mr. E. Ashton at Liverpool, where 
he installed the New Trunk Exchange on the acquisition of the 
Trunk Telephone Lines from the late National Telephone Com­
pany. He also laid the Liverpool section of the first dry core 
cable between Liverpool and Manchester, and was associated with 
Mr. F. Tremain in installing experimental Pu pin coils. 

MR. R. WARING. 

Eight years later, i.e., in August, 1905, Mr. \,V aring was pro­
moted to the Engineer-in-Chief's Office as a Technical Officer, 
and assisted Mr. A. L. DeLattre in preparing for the valuation of 
the late National Telephone Company's external plant, and for his 
good work received the thanks of the Postmaster-General. 

In April, rgrr, he was transferred to the Central Metropolitan 
District as Assistant Superintending Engineer, where he worked 
under .Mr. (now Sir William) Noble and later under Mr. Moir. 
In this position he took a prominent part in the arrangements 
associated with the transfer of the National Telephone Company's 
plant in London, including the unification of the Engineering 
Accounting Systems of the Post Office and the National Telephone 
Company. 

His promotion to the rank of Superintending Engineer came 
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in July, 1918, when he was given charge of the Scotland West 
District with Headquarters at Glasgow on the retirement of the 
late Mr. D. Stewart, l.S.0. 

Colonel Purves presided over a gathering of many of Mr. 
vVaring's colleagues at Headquarters and in the Engineering 
Districts, which was held in the Deputation Room, G.P .0. 
(North) on Thursday, 3rd July, in order to say an official good­
bye, and also to present several handsome gifts to our old friend. 

Apologies for absence were received from Sir vVilliam Noble 
and also from Mr. Alexander Moir, both of whom regretted their 
inability to be present in order to wish God-speed to an old 
colleague. 

Colonel Purves, in a delightful speech, made reference to the 
fact that we were not so much saying good-bye to Mr. \i\Taring as 
welcoming him back to his own home after a period of exile in the 
r·emoteness of Scotland, where he had probably been living on 
porridge and haggis, wearing the kilt and listening to the bag­
pipes! 

Messrs. DeLattre, Gomersall, Capt. Crompton, and Messrs. E. 
Turner, J. \i\T. Atkinson, Gibbon, Elston, Twells, Tattersall and 
J.E. Taylor referred to the sterling qualities of Mr. vVaring and 
his extraordinary capacity for hard work. Testimony was also 
given to the particularly disinterested way in which he carried out 
his duties and to the assistance he was always ready to give to his 
fellows. 

It was particularly pleasant to hear Mr. Tattersall speak on 
behalf of the ex-National Telephone Company engineers. He 
stated that no man in the Post Office could have done more than 
Mr. vVaring for the welfare of the National staff and the main­
tenance o.f good relations between the two groups. 

Mr. \i\Taring, in responding, expressed his appreciation of the 
handsome gifts which had been presented to Mrs. Waring and 
himself, also of the kindly sentiments which had been expressed 
towards him. He spoke of the amicable relations that had always 
existed between his colleagues and himself, and indicated that he 
did not anticipate spending the remainder of his life in idleness. 

Mr. F. McMORROUGH. 

IT is with deep regret that we record the passing away of Mr. 
Frank McMorrough, who, on account of a breakdown in health, 
retired about two years ago from the position of Executive En­
gineer in charge of the Lincoln Section of the North-Eastern 

Engineering District. 
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:Mr. McNiorrough entered the service as a Sorting Clerk and 
Telegraphist at Sheerness in 1884 and after transfer to Liverpool 
in 1889 came to the Engineering Department in 1896. He was 
promoted to a Sub-Engineership in 1899, a 2nd Class Engineership 
in London in 1901 and a lst Class Engineership at Lincoln in 1909. 
For many years he suffered from periodical attacks of indisposition 
aggravated, perhaps, by his intense devotion both to official duties 
and to the many studies which claimed his interest, and after the 

MR. F. McMoRROUGH. 

trying experiences of the war period, in which the Lincoln Section 
shared heavily, his health gave way. For several years he filled 
with conspicuous success the position of Secretary to the Society 
of Post Office Engineers: he was also a Member of Council of the 
Institution of P .0. Electrical Engineers. 

In his official life Mr. McMorrough stood for a level of efficiency 
-both administrative and engineering-which too often imposed 
upon him a burden of work far beyond the capacity of most men; 
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but he was never too busy to give freely to his staff all the advice 
and help he could, and no man was more accessible in the cause 
of the day's work. 

In private life he was an omnivorous reader, an exceptionally 
well-informed man and a born raconteur. Those �who had the 
privilege of his personal friendship kne\\· that m the study of the 
history of minorities lay his heart's great interest : he had an 
unquenchable hatred of any form of oppression, political or other­
wise, engendered no doubt by a knowledge of the sad experiences 
of many of his countrymen, including his own parents. 

He leaves behind the memory of a rich and generous personality 
and in our grief for the loss of such a colleague we can only say, 
in words specially appropriate-Requiescat in pace. 

J.vV.A. 

A PERSONAL NOTE. 

Born in Stockport in 1868 of Irish parentage, " Mac," as he 
was universally called by his colleagues, was transferred as a Tele­
graphist to Liverpool in 1889. Here he found scope for un­
bounded energy which was to result in benefit to the service and 
his fellow workers. Joining a band of young students, o.f whom 
the best known is probably .i\Ir. John Lee-now Controller of the 
C.T.0.-in classes at Liverpool, a fine superstruction of know­
ledge was built on the solid foundation laid in early years at the 
elementary school of the Roman Catholic Church at Stockport. 
In addition to a sound knmvledge of Latin, and some Greek, he 
acquired an intimate knovvledge of German (linguistic and written) 
and French, followed a few years later by way of relaxation from 
more serious studies by Gaelic! A weekly gathering of seven o f  
these students i n  a debating coterie led to the acquisition of 
dialectical powers, which afterwards stood him in good stead in 
negotiations on behalf of the staff, in which capacity he was 
probably best known. The fact that the headquarters of the old 
Postal Telegraph Clerks' 1\ssociation was at Liverpool brought 
McMorrough into intimate connection with the early leaders of 
that virile body, and only those behind the scenes at that time 
know what a debt his fellow telegraphists owe him. His super­
abundant energy 0nd natural organising ability had much to do 
1Yith the successful representation of the P .T.C.A. case before the 
Tweedmouth Parliamentary Committee-indeed, though his ability 
had alreadv been recognised officially in 1896 by promotion to a 
Junior Clerkship in the Engineering Department, which precluded 
him from giving evidence as a telegraphist, it is well known that 
his was the ammunition with which many of the more prominent 
leaders were primed. 

· 

A batchelor, he was able to indulge in holiday tours in Britain, 
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in Ireland (his natural home) and on the Continent, accompanied 
by friends and colleagues to whose entertainment he contributed 
l�y a fund of knowledge and anecdotage acquired by extensive 
reading. Numerous holidays in the Black Forest, Hanover, and 
Austrian Tyrol led to an intimate acquaintance with the myths and 
anecdotes of those countries, but it was the legend and history of 
Ireland (mainly translated from the Gaelic) and Irish life in which 
he revelled. He probably derived no greater pleasure than when 
recounting to an interested audience details of ancient Irish history, 
the feuds between its Kings and the love of its people. 

This brief sketch cannot fittingly close without a reference to 
the spiritual. B orn a Catholic, his faith was characterised by 
simplicity and devotion; none can ever know the extent to which 
he contributed by time and means to its advancement, while his 
illness and retirement were soothed by its administrations. 

Vl.V.R. 

LOCAL CENTRE NOTES. 

SOUTH LANCASHIRE CENTRE. 

The Local Committee for the 1 924-25 Session has been elected 
and the constitution is as follows:-

Chairman: Mr. \V. J. Medlyn. 
Vice-Chairman: Mr. T. E. Herbert. 
Executive Engineers : Mr. J. F. Fletcher. 
Assistant Engineers : Capt. vV. Cowburn. 
Chief Inspectors: Nir. H 

.
. B. Graham. 

Clerical Staff: Mr. T. E. Matthews. 
Inspectors: Mr. H. Eaton. 
Draughtsmen: Mr. A. A. Hignett. 
Hon. Librarian: l\ifr. R. Towers. 
Local Secretary: Mr. G. \i\Tildgoose. 

The October, 1923, number of this journal contained a few 
extracts from a paper read by the Chairman of the above Centre­
l\Ir. \V. J. Medlyn-before the Students Section of the Institution 
of Electrical Engineers, l\Ianchester, on March 27th, 1923. 

Following on this it is interesting to note that an invitation was 
extended to the Vice-Chairman, Mr. T. E. Herbert, who responded 
hy reading a paper on Sth April, 1924, the subject being " The 
Psychology of Management." l\Ir. Herbert, after acknowledging 
the honour conferred upon him bv the invitation, ga1·e an excellent 
address to the Students, who thoroughly appreciated the speaker's 
characteristic blend of seriousness and humour. 

The following extracts indicate the trend of the address and 
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some of the conclusions drawn from the speaker's own varied 
experience : -

'' The ideal to be aimed at is the spirit of a cricket team where 
every man plays, not for his own hand, but for his side under the 
direction of the Captain who obtains instant, ungrudging, and 
cheerful obedience to his leadership. An admirable example of 
the exercise of authority without tyranny. It is up to you to earn 
and to deserve the confidence of your staff. If you expect their 
loyalty, then equally you must be loyal to them and support them 
in all their laudable undertakings. Experience has taught me 
that this is not merely ethics, it is a sound business proposition." 

" To-day, the essential principles of Scientific Management are 
in nearly universal application, but the name is carefully avoided 
owing to the vast amount of prejudice-mostly of ignorance-with 
which its adventwas greeted." 

'' The function ·Of the Foreman is to teach, to help, to instruct 
and not to drive. In this way the relations between the staff are 
vastly improved and begin to approach the ideal of real team 
working. It will thus aid the cause of Industrial peace. It is 
founded on co-operation which demands that all shall know and 
all shall be taught. And so will come understanding of the rights 
of others as well as one's own. A cynical philosopher, writing in 
the New Age, defined modern methods of education as the generic 
name for underhand schemes for making the child learn of his own 
free will what he would be jolly well forced to learn anyhow! 
Perhaps so, but it avoids conflict ! " 

" In studying Scientific Management, then, it is clearly vital 
never to lose sight of the human aspect of the problem. To do so, 
means failure and continual controversy accompanied by suspicion 
and fear which ultimately lead to industrial warfare or strikes. 
vVhat this may cost in the sum of human wretchedness and misery 
is well nigh incalculable." 

" Full understanding generally carries with it forgiveness and 
so I suggest that you can always profitably spend time in discover­
ing why a stupid thing has been done by a workman. Such study 
will usually reveal that the system in vogue may be improved, tha1 
the individual concerned requires special help in certain directions, 
or that his temperament is such that he works best under clo5e 
control, or, on the other hand, that he should be made to under­
stand that a certain amount of trust is reposed in him and that it 
is a disgrace to his manhood to betray it. The true function of 
the Supervisor is  to help and to instruct. It  is  to prevent errors, 
not to allow them to occur and then to punish the offender. Let 
me make it quite clear that I am not advocating the abandonment 
of punishment, but I do sav that when necessary it should be 
remedial in purpose so as to produce better results in future." 
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"The remarks to which you have listened with so much 
patience have been designed to bring home the fact that the 
human side of your problems is of vital importance. With a 
hostile and driven staff largely actuated by motives of fear it is 
quite hopeless to expect the best results. And so I want to suggest 
to you that it is to your interest, leaving aside all ethical con­
siderations, to endeavour to 'understand your staff and ultimately 
to attain a mutually co-operative condition of team working from 
top to bottom.'' 

K. 

BOOK REVIEWS. 

" Principles and Practice of Telephony." 
5 Volumes. izs. 6d. per Vol. Published by 
lishing Co., Ltd. 

By J. G. Mitchell. 
McGraw Hill Pub-

The five volumes of the above work cover 
following manner : -

Volume !.-Principles and apparatus. 

the subject in the 

,, I I.-Circuit eleinents and power plant. 
,, III.-Toll equipment, traffic and trunking. 
,, IV.-Circuit refinements and mechanical switching. 
,, V.--1\lechanical manual switching. 

The book has been based in part upon material which originally 
appeared as a " Horne Study Course " in an American telephone 
periodical. Consequently the matter and arrangements are char­
acteristic of America, but in our opinion that does not in any way 
detract from the utility of the work to Birtish students. Vol III. 
in particular, which relates to Toll equipments and traffic as viewed 
from the American standpoint, is of great interest. Vols. I. and 
II. are full of valuable information relating to the general prin­
ciples of telephony, and of course apply in both countries. 

Throughout the five volumes the al.ithor has at the end o.f each 
chapter given a set of review questions and it has been verified that 
the material for answering these questions is available in the 
preceding chapter. It is certain that the student who is able to 
answer the whole of the hundreds of review questions appearing 
in the five volumes will be a well equipped telephone man so far as 
theoretical knowledge is concerned. 

The last two volumes relate to mechanical switching. 
The letterpress is well arranged, but some of the descriptions 

relate to types of equipment that are now obsolescent. Neverthe­
less the review questions in these volumes bring out a considerable 
amount o.f very useful information relative to the practical main­

tenance of an automatic exchange. It is considered that the dia-
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grams in these volumes arc too small and 1t 1s thought that if a 
reprint is undertaken it would be worth while enlarging some of 
the diagTams e-.«:n at the risk of adding a volume to the series. 

B.O.A. 

"Automatic Telephone Systems. Vol. III.: Large Multi­
Office Automatic Systems; Semi-Automatic \ Vorking; Miscel­
laneous Systems; Lay Out and vViring; Etc." By \Villiam 
Aitken, .i\I.I.E.E., A.Am.l.E.E. Post 4to. 339 Pages, divided 
into 71 Sections. Ernest Benn, Ltd. 55s. net. 

The above details are imposing in themselves and in some 
measure indicate the magnitude of the book. They convey, how­
ever, but an inadequate idea of the mass of information contained 
therein and the effort and energy which have been forthcoming in 
producing- the complete work. 

In addition to the above details it is vvorthy of note that there 
are 33 r illustrations, the majority of which are circuit diagrams, 
over 20 of the latter being " through " circuits in folder form. 
Descriptions of apparatus are also supplemented by photographs 
and drawings which are clear and adequate. 

A number of the largest of the folders are netachable from the 
book, being normally contained in a pocket attached to the back 
cover. This is an excellent expedient which could with advantage 
be applied generall_1· to those technical works on telephony (and 
many other subjects) which are not of the" arm chair" category. 

There is no doubt that this voiume and its two forerunners 
constitute a work \Yhich is unique so far as British telephone publi­
cations are concerned, covering as it does the whole field of current 
automatic telephone engineering. 

Those to whom the present volume is available cannot but feel 
it a privilege to have at their disposal full explanations of the 
principles and detailed operation of the much discussed, but 
generally little known, systems of automatic working designed 
for large multi-office areas. 

Interest in this country will largely centre on the Director 
system (with its important auxiliary, the Call Indicator) which is 
to be installed in London and the larger provincial areas. Here is 
revealed how automatic working can be dovetailed into the largest 
manual areas; can grow beside, overtake and ultimately supersede 
manual working; and all this with practically no change in the 
original subscriber's numbering scheme or external plant lay-out. 
Tl1ese advantages are not peculiar to the Director s1·stem; thev 
apply equally to the Panel system, the description of which follo�;s 
that of the former. The sections devoted to the Panel svstem 
include its whole circuit operation and supplement the inforr�ation 
contained in Volume I. 
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A further system designed for working in busy multi-office 
areas will no doubt attract considerable attention. This is the 
Ericsson (Stockholm) system, which is in use on the Continent and 
which has many attractive features. including ingenious and com­
pact switches provided with wire banks of 500-line capacity. 

The three systems mentioned furnish solutions, in their different 
ways, to the problems of providing automatic service in large 
multi-office areas. Perhaps readers will speculate as to why three 
systems designed to the same end are so �widely different in form 
and it would perhaps have been an advantage if the salient features 
ot each, and the reasons for their striking diversity, could have 
been outlined more strongly. It may be a little confusing, for 
example, if the reader does not realise that the list of '' Advantages 
of the Director System,'' enumerated in Section 2, are rather the 
desiderata of any automatic system to be suitable for introducing 
into the largest manual areas. They apply with almost equal force 
to the Panel system, if tl1e word " Director " be changed to 
'' Translator.'' 

Following on the 26 sections devoted to the Director, Panel and 
Ericsson systems are 16 sections dealing principally with auto­
matic aids to manual operating, including the semi-automatic 
systems of the \Vestern Electric Co. (Rotary) and of the North 
Electric Co. (U.S.A.) and Traffic Distributors. These sections are 
interesting but are tending towards obsolescence on account of the 
vigour with which full automatic working is developing on all the 
five continents. 

Other matters dealt with in the remaining 29 sections include 
metering systems vvith differentiation of charge according both to 
the duration of a call and the route over \Yhich it passes; dialling 
over phantom c1rcuits; by-path systems; P .B .X.  systems; an 
automatic system using plugs and cords, and a number of interest­
ing miscellaneous sections. The book closes with a few brief 
sections on trunking and traffic problems. 

A number of the systems and devices described in the later 
sections are not in practical use and it is doubtful if some of them 
ever will be in their entirety. \Vhilst being chiefly of academic 
interest, it must be conceded at once that the matters dealt with in 
those sections contain many suggestive ideas which might be in­
corporated in working systems. 

The majority of the readers of this volume will no doubt be 
steeped in manual traditions and will be very interested and almost 
intrigued by the sections describing the Ericsson (British) auto­
matic system using plugs and cords. The circuit description is 
complete, but the exposition of the fundamental principle of trans­
lation involving the addition and subtraction of dot and dash codes 
is not very clear. It is noped that the many readers who will turn 
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to these sections first will not receive wrongly and prejudge the 
remainder. 

The book, however, contains such valuable information for 
engineer and student and is of such admirable quality that any­
thing in the way of criticism in this review should be regarded as 
quite minor. The complete work will no doubt b�come a standard 
of reference for British and other telephone men, and it is to be 
hoped that it will find its place in technical and scientific libraries 
1n this and other countries. R.L.B. 

"Where to Seek for Scientific Facts." By Alec. B. Eason 
(M.A., Cantab), A.M.l.C.E., A.M.I.E.E. Published by S. 
Rentell & Co. rs. net. 

This compilation of 42 pages contains valuable information for 
the student and engineer, as it embraces an almost universal com­
pendium of data dealing with scientific literature. Its contents 
may be indicated by quoting the headings to the chapters, viz., 
Preface, Chap. r, Searching for books; Chap. 2, Searching for 
periodicals; Ch<!P· 3, Bibliographies and Abstracts; Chap. 4, 

Suggestions. Scientific literature, like the operations of finance, 
is world-wide, and we are indebted to the author, among other 
things, for the work he has done in assembling in classified form 
a list of publications dealing with electrical subjects in most 
countries of the world. 

· 

" Groma : The Ancient Land Surveying Instrument." By F. 
Tandy. Reprinted from the Archceofogical Journal and published 
at the Office of the Royal Archceological Institute. 

In this pamphlet Mr. Tandy (from notes supplied by Dr. 
lVlatteo delia Corte) discusses the construction and gives an illus­
tration of the piece of apparatus used for land measuring by the 
Roman Arpenter or land-surveyor. The various parts of the 
apparatus and its use have been clearly elucidated by the aid of 
material discovered among the ruins of Pompei. 

"The Calculation and Measurement of Induction and Capa­
city." By vV. H. Nottage, B.Sc. London: The Wireless Press, 
Ltd. 224 pp. 

The first edition of this work was reviewed in Vol. 10, Part 2. 

For this second edition it has been revised, partly re-written to 
include formulas recently obtained and new apparatus and added 
to by inclusion of a section giving the proofs of the formulas. 
These new features enhance the value of the publication and pro­
Yide additional reasons for repeating our recommendation of the 
book to those concerned with measurements of inductance and 
capacity. 
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" An Introduction to the Strowger System of Automatic Tele­
phony." By H. H. Harrison, M.1.E.E., M.I.R.S.E. Longmans. 
143 pp. 7s. 6d. net 

This book is intended as a first text-book for class instruction 
in Automatic Telephony, and is subdivided in such a way that the 
student having acquired a knowledge o.f the elementary parts of 
the subject progresses easily to the more complex portions. 

The scope of the book is confined to the Strowger system, but 
this does not detract from its value, as once having mastered the 
Strowger system details of other step-by-step systems are quickly 
!·earned. 

The book is divided into three parts, the first dealing with the 
elements of automatic telephony, trunking and traffic problems; 
while the second part is devoted to mechanisms such as dials, pre­
selectors, selectors and relays, and a discussion on the effect of 
impulse ratio on the operation of the various switches. In the 
third part circuits used in group selectors, final selectors, P .B.X. 
final selectors, etc., are described and a brief survey is made of 
large area working, touching on the Director, Call Indicators, 
Key-senders and Mechanical Tandem operation. 

All sections of the book are plentifully and excellently illus­
trated, the drawings of switches and mechanisms being such that 
the subject can be intelligently followed by the private student 
who cannot get to see the actual apparatus. 

The book is well laid out, although it would have been prefer­
able for the paragraph at the beginning of the description of a new 
circuit or piece of apparatus, to have had a heading in addition to 
the heading at the top of the page. This is a minor point, how­
ever, and the hook can be recommended to all interested in the 
subject of Automatic Telephony. Mr. Harrison has tackled the 
intricacies of automatic telephony in the masterly manner we have 
become accustomed to in his treatment of machine telegraphs. 

"The Thermionic Valve and its Developments in Radiotele­
graphy and Telephony." By J. A. Fleming, M.A., D.Sc., 
F.R.S. 2nd edition. The \Vireless P ress. 

The first edition of this work appeared in 1919, and a review 
of it will be found in Vol. xii. p. 258 of this Journal. In the 
present edition the matter has been re-arranged and includes 
theoretical and practical developments made since the date of the 
first edition. 

The book has grown to nearly double its original size and 
forms an extremely valuable record of progress made in the 
theory, manufacture, and applications of thermionic valves. 

The contents rnav he summarised as follows:­
Chapter I. History and principles of thermionics. 
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Chapter II. The Fleming rectifying valve. A theory of 
rectifying valves due to Prof. C. L. Fortescue and a description 
ot recent types of rectifiers has been added. 

Chapter III. The three and four-electrode Yalve. In addition 
to some account of legal proceedings, characteristics and applica­
tions included in the previous editions, descriptions are given of 
later types of ,-alves, such as Marconi V 24 and Q types; the 
\ \' estern Electric Co. 's valves, four-electrode valves and those 
using t horiated turgsten filaments. 

Chapter IV. The Theory of the Three-Electrode Valve. This 
is a new chapter incorporating the theory of amplifying and 
oscillating valves. 

Chapter V. Thermionic Yalve construction including produc­
t ion and nwasurement of yacuum, silica and nwtal valves for high 
power, etc. 

Chapter VI. Thermionic valve as a generator of oscillations. 
Chapter VII. Thermionic valves as amplifiers and detectors. 

This chapter contains details of a number of circuits, including the 
Armstrong Super-regenerative circuit. 

Chapter VII I. describes methods of testing \•alves and gives 
details of various laboratorv uses, such as the measurement of 
small )LC. ,-oltages. 

Chapter IX. Thermionic Repeaters and Relavs. An outline 
of the adoption of thermionic valves to telephone repeaters and to 
carrier-wave s_1·stems is given. 

Chapter X. Thermionic valve plant. Descriptions are given 
of the circuit arrangements and mounting of various transmitting 
and receiving sets. 

The book may be confidently recommended to those who wish 

to keep up-to-date in the thermionic valve development. 

"Thermionic Tubes in Radio Telegraphy and Telephony. By 
John Scott-Taggart. \Vireless Press, Limited. 464 pages, 388 

illustrations. 
In this work on the application of Thermionic Tubes to radio 

communication the author has dealt with the subject in a pro­
gressiYe manner. The first two chapters deal with two and three 
electrode tubes respectively, g·iving characteristic curves and theory 
of operation. Chapter I I I. gives a very full description of the 
detection of radio signals, the various methods of using the grid 
control being carefully explained. 

Reg·enerative Amplification, High Frequency Amplification 
and Low Frequency Amplification are covered in the next six 
chapters. The information on low frequency amplifiers is in­
sufficient and the resistance rather than the impedance of trans-
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formers is discussed. The terms Radio Frequency and Audio 

Frequency would be preferable to those used. 

Two chapters are given to the Reception and Transmission of 

Continuous 'Naves. The use of alternating current voltage for 

filament heating and the methods of rectifying extra high voltage 

A.C. for the anode supply is fully explained in the Transmission 

chapter. Radio Telephony follows the chapter on Continuous 

\\'ave Transmission and the ,·arious systems of modulation dis­

cussed. Duplex telephony and the quiescent aerial circuits are 

also illustrated. 
Negative resistance tubes are mentioned, but little is said about 

the magnetic control of the electron stream. 
In general the book is well printed and the illustrations are in 

close proximity to the letterpress to which they refer. As the 
author mentions in his preface, there is considerable reference to 
the work of others, but some original work is given. The book 

should prove useful to an.1·one who is desirous of understanding 
how radio communication is carried out by the use of thermionic 

tu bes. 
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111ost Tl\critorious Essnys subn1ill<·d lo it i>y workmen uf 1·h1; J •:nginecring Depai·tmcnt 
of lhe Post Office. 

The conditions of thr-· C'onq)('titio11 :1n· as folkrn·s :-
(1) Competi tors musl l;c workmen or youths-in-training who have been in the 

employment of tlw Departnwnt from a d:1le prior to 31st December, 1921. 
(2) Each Competitoi· nrny choose any sulij1·ct relevant tu current Tel<>graph or 

Telephone practice. 

(sl 

Each Essay must be \\·ritlf'n on one side of the paper only, anJ must not 
exce<�d ;;,ooo words. 

The Essays must reach the Secretary, 
Institution of Post Office Electrical Engineers, 

by tlw .i 1st Dccemlwr, 1924. 
Room 5oa, li.l'.O. (WJ, E.C. I. 

The Council n·si,,·ves the right to refrain from awarding the full numh>er of 
prizes if, in its opinion, the Essays submitted do not attain a sufficientlv 
high standard. 

· 

CENTRAL LIBRARY. 

R. V. HANSFORD, 
Secretary. 

The following books have been added to the Library and are avail<1
,
.
ble for issue 

to Members. 
Applications should be addressed to the LIBRARIAN, Room SOA, G.P.O. West. 

No. 
783.-My Life Work. Henry Ford. 
784.-Control of Speed and Power Factor of Motors. Miles Walker. 
785.-Manual of Submarine Cable Testing. G. M. Baines. 
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CENTRAL LIBRARY. 

786.-Elcctrical Measuring Instruments. C. V. Drysdale and A. C. Jolley. 
787 .-Engineering Economics. Fish. 
788.-Electrical Vibration Instruments. A. E. Kennelley. 
789.-Clark Maxwell's Electro-Magnetic Theory. Lorentz. 
790.-Automatic Telf>phony. F. A. Ellson. 
791.- do. do. H. H. Harrison. 

49.- do. do. Vols. I I. and II I. \V .. \itkf'n. 
/92.-Prize "ssays, \Vorkmcn's Comp<'tition, 1923. 
793.-Education and Training for tlw Elf'ctrical and ;\llird [ ndustrieo;. 
794.-Electrolytic Rectifiers. N. •\. clc Bruyn<·. 
795.-Atoms and Rays. Sir Oliver Lodge. 
796.-\Virelcss Telephony and Broadcasting. H. M. Dowsett. 
797.-Tc!Pphony. Vol. !.-Principles and Apparatus. Jay G. Mitchell. 

Il.-Circuit Elements and Power Plants. 
" III.--Toll Equipment Traffic nncl Trunking. 

IV.-Circuit Refinements and Mechanical Switching. 
V.--Mcchnnicnl i\fonual Switcl1ing. 
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xi. 

0 UR great experience will 
help to remove care from 
your mind. 

We have carried out many 
important contracts in various 
oarts of the World. and our 
engineers give the best of high 
service and skilled attention in 
installation. 

H E.N I 
TELEGRAP H AND 

TELEPHONE CABLES 

wilJ give you every satisfaction. 

W. T. Henley's Telegraph Works Co., 
Ltd. 

Blom/ield Street, LONDON, E.C.4. 



XII. 

The House of Creed 
A Selection of its World-Famous Products 

THE CREED DIRECT PRINTER. 

A direct printing telegraph oper:itcd 

from a typewriter keyboard using no 

perforated slip, nnd working up lo " 

speed of 70 words per minute. l t is 
designed for use 011 less i111port:ant 111:1i11 

lines, by ban ks, f:Ktoric:s, raiJw;1ys, etc., 

and can be duplexed. ll has an excel­

lent touch, without any irritating key­
Jocking devices for restricti1ig the speed 

of the operator. The stan dard Creed 

type-head is used on this machine. 

CREL�D-WHE:\TSTONI•: TRt\NS-

MlTfER. 

\Veil made, simple, and easy to work, 

these wonderful little Transmitters are 

being used all over the world. Their 

simple design makes it possible for 

the m to be offered at a special low 

price. 

CREED CAHLJ; Rl�CELVER. 

A development of our standard 

Receiver for use with Cable Code trnns­

mission. Speeds up to roo words per 
minute are attainable, and the stanclnrd 

Creed Printer can be modified to work 

in conjunction with this Receiver. 

CREED '&? CO., LTD., 
Telegraph Works, 

CROYDON, SURREY. 
PHONE; 

CROYDON 2 l 02. 
TELEGRAMS: 

CREDO, CROYDON 



xiii. 

The House of Creed 
A Selection of its World-Famous 'Products 

CREED LINE RELAY. (1924 Design). 
-�-------- -

Designed for use where high sensi­
tivity is required combined with robust­
ness and stability of adjustment, firm 
contact pressure, absence of rebound 
and short transit time. It will con­
siderably increase the working speed of 
lung telegraph lines, and is in e1·ery 
way a greatly superior Relay to the 
" B " type so long adopted as standa1·d 

by Government and Private Adm inist ra­
tions. This Relay, when suitably 
11·ound, \\·ill operate with great efl1ciency 
in the anode ci rcuit of a wireless tele­
graph receiving set. 

CREED RECEIVER AND 

PRINTER. 

The Creed High-Speed Tclegl'aph 
Sys

_
t<:rn still holds its pre-eminent 

pu"t1on as the most reliable and speedy 
mc:ans of handling t elegraph traffic in 
bulk. There are 01·er six hundred 

Creed installations, giving full service 
on cables, long land-lines, and wireless 
routes throughout the world. The 
Printer is now manufactured to print 
in c?lumn 

.
form upon a web of paper, 

and 1s prov111g very poplllar. 

CREED COLUMN PRINTrm. 

A fast printing Morse slip controlled 
. machine. Prints in large clear type 

upon a web of · paper 8· wide; visible 
up to and incl uding the last word. 
The price of this machine also includes 
the special strongly made pedestal table. 

Speed 100 words per minute. 

CREED '&? CO., LTD., 

Telegraph Works, 

CROYDON, SURREY. 
PHONE: 

TELEGRAMS: 

CROYDON 21 02. 
CREDO, CROYDON. 



XlV. 

INDEX TO ADVERTISERS. 
P.A.G'F. 

Annales des Postes, Telegraphes et Telephones 
Automatic Telephone Mfg. Co., Ltd. 
British L.M. Ericsson Mfg. Co., Ltd. 
Creed & Co , Ltd. 

Vlll 
111 

.. v 

xii and xiii 
Henley's, W. T., Telegraph Works Co., Ltd. 
Johnson & Phillips, Ltd. . . . 
London Electric \Vire Co. & Smiths, Ltcl. 
Longman, Green &· Co., Ltd. 
Peel-Conner Telephone ·works, Ltd. 
Pitman & Sons, Ltd. 

Xl 
xvi 

ii 
xiv 

xv 
ii 

Rentell, S., & Co., Ltd. 
Siemens Bros. & Co., Ltd. 
Smith, Frederick, & Co. 
The Electrical Review, Ltd. 

lX 
v1 and vii 

viii 
.. . iv and ix 

Western Electric Co., Ltd ... x 

\\Tireless Press, Ltcl. XlV 

JUST PUBLISH ED. 

An Introduction to the Strowger 
System of Automatic Telephony 

By H. H. HARRISON, M.I.E.E., 
Member Institution Railway Signal Engineers, Author of "Printing 
Telegraph Systems and Mechanisms." · \Vith l 61 Diagrams. Svo. 

7s. 6d. nP-t. 

LONGMANS, GREEN & Co .. 39, Paternoster Row, London, E.C. 4. 

� ......................................................................... _ ........, 

I 

JUST PUBLISHED. 

FIFTY YEARS OF ELECTRICITY: 
THE MEMORIES OF AN ELECTRICAL ENGINEER. 

By J. A. FLEMING, M.A., D.Sc., F.R.S. 
731 Pages 

NET 
PRICE 

Crown 4to. 111 Plates. 

30/- (Postage 1/-) 

CONTENTS: 
lntroduction.-Telegraphs and Telephones from 1870 to 1920.-Dynamo, 
Alternators, Transformers and Motors, from 1870 to 1920.-Electric Lamps 
and Electric Lighting in the last Fifty Years.-Electric Heating, Cooking and 
Furnaces in Five Decades.-Electric Supply Stations, Storage Batteries, Rail­
ways and Transmission of Power.-Electric Theory and Measurements.-

Wireless Telegraphy and Telephony.-Conclusion. 

Send a Postcard for full Prospectus of this Book 

THE WIRELESS PRESS, LTD .. (Dept. E. R.) 
12·13, Henrietta Street, Strand, Lo ndon, W.C. 



xv. 

PEEL-CONNER TELEPHONE WORKS 
(Proprietors -The General Electric Co., Ltd.) 

COVENTRY, ENGLAND. 

MANUFACTURERS 

AND INSTALLERS 

OF HIGH GRADE 

AUTOMATIC 
AND 

MANUAL 

TELEPHON·E 

EQUIPMENT 

Visit the G.E.C. Stand at the British Empire 
Exhibition and see the Peel-Conner Model 
Automatic installation in operation. 

The G.E.C. Stand is in Avenues 11 to 13-
Bays 1 1  to 15. 

HEAD OFFICE 

AND WORKS: 

STOKE, COVENTRY. 
Telephone: COVENTRY 1310 .. 

Telegrams: 
., SPRINGJACK," COVENTRY. 

LONDON OFFICE : 

MAGNET HOUSE, 
KINGSW AY, W.C.2. 
Telephone: REGENT 7050. 

Telegrams: 
· Peelcontel, Westcent, London." 



XV!. 

Upwards of I OOO miles 

of recently laid Trunk Tele­

phone Cables have been man­

ufactured and laid by us - -

That is a fact which must be of 

special interest to the Post Office 

Engineer. 

It implies the confidence 

of those who are responsible 

for the National Telephone 

Service-it is striking evidence 

of our experience, and it 

should influence Dominion 

and other authorities to entrust 

us with their orders. 

Johnson & Phillips, Ltd. 
Cable Mnkas since 'i5, 

Charlton, London, S.E. 7 
City Office and Stores-

12, Unz'.on Court, Old ·Broad Strut, E.C.2 . 

. -

Printed br B1�c11 & \\·1-11r;·1.·,(;-;·:i�·. l'�ih<Jff_, al:•J 
Publi.ihed by T�11t ](LECTl?ICAL R�nr-:w l.1.,11·1 ED. at t. Lw .. i:�ate Hit!. LvL�don 14:.C 
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