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physical strain of life as we li\·c 

it .to·day. The craze for speed 
even in recreation, and · tht 
concenlratcd strain of current 
social commercial and industrial 
conditions, is reg:irded. as 1. 

menace from which relief must 
be sought. 

Competition demands that there 
shall be no cessation in the 
"speeding-up 11 process, and if 
efficiency is to be maintained, 
relief must be found for the over· 
burdened nervous system in 
mechanical aid!'. 
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With the Strowiter Automatic 
Telephone System theri::; ar� no 
tempers "on edge," no increase 
in " blood pressure" occasioned 
by lapses of the human element 
and a" necessary evil " become� 
a spe e dy silent m e s se n ger, 
attracting increased subscribers 
and revenue. 
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FREDERICK SMITH & CO., 
Incorporated In 

The London Electric Wire Co. & Smiths, Ltd., 

ANACONDA WORKS, SALFORD, MANCHESTER. 

HARD DRAWN H.C. COPPER LINE WIRE. 
Special Tinned H.C. Copper Wire. 

COPPER TAPES AND BINDERS FOR LINE WIRE. 

COPPER TROLLEY WIRE 
SPECIAL NON-FOULING SECTIONS. 

SILICIUM BRONZE WI RE 
"C" Quality for Telephone Lines, &c. 

Annales des Postes, T elegraphes et Telephones. 

The French Administration of Posts and Telegraphs publishes a 

technical journal entitled '' Annales des Postes, Telegraphes et 

Telephones.'' 

This publication, which appears every two months, is edited under 
the control of a commission nominated by the Ministry; it includes 

amongst its contributors writers of the hig·hest authority; it publishes 

regularly also extracts from the current techn;cal literature on telegraphy 

and telephony from all countries. 

The " Annales des Postes, Telegraphs and Telephones " forms per 

year a volume running to about r ,200 pages, which constitutes a 

technical record of the first order on all progress in the realm of 

telegraphs, telephones and postal work and also current work and 

research in French laboratories and those abroad. 

The magazine is published by the Librairie de l'Enseignement Tech­

nique,' 3, Rue Thenard, Paris. The annual subscription is 24 francs for 

France and her colonies, and 27 francs abn:>ad. 
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England, 1876-1878.-The Parent Telephone Companies and Establishment of 
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of Telephones by the British Post Office, 1881-1888_-The United Telephone 
Company, Limited, and the Provincial Subsidiary Companies, 1881-1890.­
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1823-1890.-The National Telephone Company, Limited, in the Provinces, 
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The author of this work has been intimately associated with the telephone service of this country for 

the past thirty years, and during that period has had wide experience of telephone engineering work in the 
provinces and in the metropolis, under the administration of both the National Telephone Company and the 
Post Office. 

For many years he has collected information, illustrations, and other material relative to telephonr of 
considerable interest, much of which is included in this book, which the publishers now place before the 
public with confidence that it will fill a lon�-felt want in telephone literature. 

The book treats of the commercial and technical development of the telephone since its introduction 
into this country in 1878 practically up to the present date, and a section is de\CO�ed to the latest and remark­
able application of telephony in broadcastin_g-. 

This volume should prove of interest and value not only to the student of every branch of practical 
telephony, but also to all those who are in any way interested in this rnost convenient means of rapid com­
munication. destined to develop still more extensively. 

To the business man, the legislator, the student of social and technical history, as well as to those 
engaged in the telephone industry and the administration of telephone service, at home or abroad, the book 
should be equally valuabie. 
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TELEGRAPH SUPERPOSING ON UNDERGROUND 

CABLES. 

A. C. BOOTH. 

IT may not be a matter of general knowledge to our readers 
that for the past two or three years additional underground 
telegraph circuits, urgently required for the Transatlantic cables, 

/E Circuit 

2!:!!! Circuit 2'!'! Pair 

•+ 7!.!i. Circuit 

3!!!' Circuit 3!!!' Pair 

4r!! Circuit 4r!! Pair 

�·---

SUPERPOSING : LONDON-PENZANCE. 

VOL. xvrn. H I I 5 



TELEGRAPH SlTPERPOSING ON UNDERGROUND CABLES. 

have been obtained between London and Penzance by super. 
position on the physical loops of the cable. The arrangement is 
shown diagrammatically in the accompanying diagram. 

The fifth and sixth circuits are referred to as " plus " circuits 
and are indicated by the usual plus sign, \Yhile the sevent h circuit 
is referred to as a " double plus " circuit and is indicated accord. 
ingly. By this arrangement seYen loop circuits, all workable 
duplex, are obtained from eight wires. As the length of the 
cable is approximately 300 miles, the Yalue of the arrangement is 
appreciable. 

Each \Vire is of 100-lb. copper conductor, so that each physical 
circuit is a metallic loop of roo-lb. copper; each plus circuit is a 
metallic loop of 200-lb. copper and the double plus circuit is a 
metallic loop of 400-lb. copper. 

The superposing apparatus consists of plain resistance coils, 
5000 + 5000 ohms, shunted by condensers having a value of 10 + 10 
microfaracls across the physical loops, while that across the plus 
circuits is 5000 + 5000 ohms, shunted by condensers of 20+ 20 
rnicrofarads. 

l 1G 



ENGINEER-IN-CHIEF'S AUTOMATIC TELEPHONE 

TRAINING SCHOOL & CIRCUIT LABORATORY. 

By B. 0. ANSON, M.I.E.E. 

THE decision to adopt step-by-step automatic telephone SvYitch­
ing equipment as standard in Great Britain and to purchase plant 
from a number of different contractors, made it necessary for the 
Post Office to control conditions so as to work towards an ultimate 
standardisation of circuits, and perhaps also to some measure of 
standardisation in mechanical details. An Equipment Committee, 
under Mr. M. Ramsay, Staff Engineer, was set up to deal with 
the problems involved, and it was soon found that eYen apparently 
small differences in manufacture militated against the standardisa­
tion of circuits. It became necessary therefore to place the 
apparatus of the different manufacturers under test and also their 
circuit proposals. 

At the same time it was realised that the standardisation of 
step-by-step automatic telephony necessitated the introduction of a 
definite and comprehensiYe scheme of training for the staff. 

To set up a Circuit Laboratory for the testing of contractors' 
circuit proposals and of sample apparatus called for an extensive 
model equipment in order that the actual tests might be confined 
simply to the apparatus and circuits submitted. Similarly an 
extensive model plant would be needed for the training of staff. 
It was decided, therefore, to combine these requirements and 
instal a single model plant to fulfil the two purposes. 

Fig. 1 shows the lay-out of the apparatus racks in the Demon­
stration Room of the School and Circuit Laboratory in King 
Edward Building. The equipment comprises the following:-
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ENGINEER-IN-CHIEF'S AUTOMATIC TELEPHONE TRAINING SCHOOL. 

Frc. 2.-DEMONSTllATION RooM, LOOK1Nc: WEST. 

F1G. 3.·-TYPJCAL RACK, SHOWING !ST CODE SELECTOR, 

A DIGIT SELECTORS AND DIRECTORS. 
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ENGINEER-IN-CHIEF'S AUTOMATIC TELEPHONE TRAINING SCHOOL 

(a) Three racks representing a " director " automatic ex­
change " North." 

(b) Three similar racks for another exchange " South." 

(c) A Cordless " B " Position vvith all accessory apparatus 
working on "North." 

(d) A semi-mechanical tandem cordless " B " position with 
accessory apparatus. 

( e) A Satellite exchange working on " South." 

(.f) A rack representing standard provincial apparatus and 
circuits (non-director). 

(g) A Composite " A " Position equipped with the various 
types of dialling-in cord circuits and trunks incoming 
and outgoing from automatic equipment. 

(h) One rack having samples of dialling-in and dialling-out 
of repeaters. 

(i) One rack representing Messrs. Siemens' No. r6 equip­
ment. 

(j) One Call Indicator position with accessory apparatus. 

The racks in the Demonstration Room are all cabled to an 
intermediate distribution frame at the east end of the room, and 
the trunking scheme is arranged by cross-connections in the 
jumper field that carry the circuits through a break jack panel. 
It is possible, therefore, to intercept any of the circuits for 
Laboratory purposes and to facilitate this work the Circuit Labor­
atory is placed at the east end of the Demonstration Room. 

Fig. 2 gives a general view of the west end of the Demonstra­
tion Room. The tables along the centre are utilised for adjust­
ment work, but also serve as study tables, being equipped with 
glass tops so that a standard set of diagrams can be placed 
beneath the glass. The diagrams are changed to suit the current 
courses. The cordless " B " positions can be seen in this figure. 

Fig. 3 shows a typical rack with some of the apparatus covers 
removed for inspection. 

Fig. 4 shows the call indicator " B " position and its accessory 
apparatus on rack No. 5. The call indicator system adopted by 
the British Post Office is designed to give traffic distribution to 
the '' B '' operators and thereby permit of the closing down of 
positions during slack periods. This feature is illustrated in the 
model by the provision of a second call indicator display in the 
multiple panel, thus avoiding the need for installing more than 
one model position. This figure also gives a view of the com­
posite "A " position. 

Fig. 5 shows a group of students undergoing adjustment 
tuition. 

Fig. 6 shows a group of students in the Study Room. 
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ENGINEER-IN-CHIEF'S ,\UTOMATIC TELEPHONE TRAINING SCHOOL 

FIG. 4.-CALL INDICATOR POSITION AND AcCESSARY APPARATUS. 

FIG. 5.-·STUDENTS BEING TRAINED IN ADJUSTMENTS. 
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ENGINEER-IN-CHIEF'S AUTOMATIC TELEPHONE TRAINING SCHOOL. 

Fig. 7 shows a Lecture in progress. There are two Lecture 
Rooms, in one of which Lantern Equipment is available. In 
Fig. 7 near the door will be seen a small working model for the 
use of the Lecturer. It is frequently necessary whilst lecturing to 
illustrate a point by reference to working apparatus and the small 
model shown has been designed to illustrate a large variety of 
facilities. In connection with the daily lectures given at the 
Training School, arrangements are made for the demonstration 
of working apparatus in the Lecture Rooms. Directors, coders, 
senders and other types of equipment are brought into the room 
and electrically connected to the working equipment of the 
Demonstration Room. Sample apparatus boards also are demon­
strated in the Lecture Room; these consist of apparatus mounted 
on boards painted black with prominent white lines connecting 
the apparatus in the front but actual wires at the back. By placing 
the correct electrical conditions on these boards certain features 
can be illustrated with more effect than by the drawing of sketches 
on a blackboard. 

In connection with the study work of students, considerable 
attention is paid to the development of mental alertness and from 
time to time simple test papers are set. These afford a useful 
indication to the Instructors as to the effectiveness of their work, 
and as the setting of the test papers is done without the stiff and 
serious conditions of an examination, it has the effect of placing 
the students at their ease and encouraging them to answer the 
papers natmally. Another rather useful and interesting innova­
tion is the distribution to the students of circuit diagrams known 
to contain errors. The students are requested to discover the 
errors and state what effect such errors would have on the actual 
working of the circuit. The theoretical and practical training 
afforded at the School is supplemented by the copious distribution 
of diagrams and descriptive letter press. These, together with 
the students' Note Books, remain their personal property. 

As regards the practical training of the maintenance staff, 
samples of every piece of apparatus and type of relay are handed 
to each student, who dis-assembles, re-assembles and places on 
the apparatus the standard adjustment. The apparatus is 
repeated! y re-adjusted until the Instructor is satisfied that the 
student is a capable maintenance man as regards that particular 
item. The students are passed through a definite routine, which 
includes a couse of fault localisation, and at the end of the course 
an assessment of their progress is made. The courses vary from 
five weeks .t() 12 weeks in duration and it is planned to train and 
give lecture.s to 650 people per annum. 

The work in the Circuit Laboratory consists in the carrying 
out of expert tests on apparatus and circuits submitted by the 
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ENGINEJ<:R-IN-CHIEF'S AUTOMATIC TELEPHONE TRAJNJNG SCHOOL. 

FIG. 6.-STUDENTS IN STUDY RooM. 

FIG. 7.-LECTURE IN PROGRESS. 
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!\ MONSTER TELEPHONE BATTERY. 

different contractors. Although the bulk of the work performed 
in this department is done in conjunction with the London Equip­
ment Committee, tests are also carried out in connection with the 
cirrnits designed by other Sections of the Engineer-in-Chief's 
Office, and the Circuit Laboratory is now an established part of 
the Engineer-in-Chief's circuit design work. 

F1G. 8.-·-STAFF OF SCHOOL ANO Crncurr LABORATORY wn11 A G11ouP OF STUDENTS. 

Fig. 8 shows the staff of the School and Circuit Laboratory 
with a group of students. 

A MONSTER TELEPHONE BATTERY. 

IN connection with the Automatic Telephoning of Greater 
London, now in progress, there are being supplied by the Chloride 
Electrical Storage Company, Ltd., of Clifton Junction, near 
Manchester, four storage batteries of record size and capacity so 
for as Telephone Service is concerned. 

There are four batteries in all, two of which will supply the 
current for operating the Holborn Mechanical Tandem Ex­
change, and the others that for working the Automatic Equipment 
in the Hol.born Exchange proper. Both installations are in pro­
gress, the responsible contractors and manufacturers of the 
Strowger equipment being the Automatic Telephone Manufactur­
ing Company, Liverpool. 

In point of actual dimensions of individual cells those consti-
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tuting the above batteries will be the largest yet installed m this 
country for telephone services. 

The overall dimensions of each cell are: length, 5ft. 8ins.; 
width, Jft. Sins. ; overall height, 5ft. There are 35 positive plates 
and the total weight per cell, including electrolyte, is 4,600 lbs., 
or over two tons. Overall plate dimensions are: height, 29ins.; 
width, 14ins. 

The containers are of wood, lined with lead, and the positive 
and negative plates are separated by glass tube separators, all 
plates of common sign being burned 1-0 heaY_v lead ronnecting 
bars fitted with suitable terminal cups at the ends of each battery 
to which the main copper bus bars will be atttached. 

ONE OF THE CELLS FOR THE HoLBORN ExcI-lANGE BATTERIES. 

The positive plates are of pure lead, " Plante " type, and the 
negatives of box type. 

The cell capacities are 8,400 A.h., discharging in 5 hours to 
I .85 volts per cell, and 9,870 A .h. discharging in 9 hours to r.83 

volts per cell. 
Taking into account the very small currents required to actuate 

individual telephone transmitters, these huge current values 
appear disproportionate, especially to readers familiar with the 
old magneto telephone system, in which a couple of Leclanche 
elements, or dry cells, located at the subscriber's premises, 
furnished all the necessary current for effective telephoning under 
that system. 
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It has to be borne in mind, however, that the ingenious electro. 
mechanism of the Automatic Telephone System which is being 
introduced into the service of Greater London telephone sub­
scribers calls for the expenditure of electrical energy to actuate it, 
and although individual switches do not make any heavy demand 
upon the source of supply, the aggregate consumption when some 
thousands of people are telephoning or dialling simultaneously is 
fairly heavy, quite apart from the current flowing out over the 
lines to the subscribers' premises to energise their microphones 
during actual conversation. 

The four batteries each comprise 25 special J .F .L.W. 35 cells 
answering to the above description, and a special feature, apart 
from their abnormal dimensions and capacities, is the use of 
stoneware pedestal supports, eight per cell, in place of the more 
conventional wooden stillage. These stoneware pedestals are 
capped with smaller oil-type insulators, which are unaffected by 
moisture or acid, the combination being practically indestructible 
and insuring high insulation and immunity from leakage. 

Some idea of the size of these monster telephone storage cells 
is afforded by the illustration, which also depicts two familiar low 
capacity wireless batteries in the foreground. 

NEWPORT STROWGER AUTOMATIC TELEPHONE 

AREA EXTENDED. 

AUTOMATIC Telephone facilities have just been extended by the 
Post Office in the Newport (Mon.) area of South vVales. The 
Automatic Exchange at Newport itself now serving some 2,400 
subscribers and equipped by Automatic Telephone Manufacturing 
Company, Ltd., Liyerpool, as far back as 1915, was one of the 
earliest Strowger exchanges to be put into service in this country. 

The original installation �was completed soon after the out­
break of war and before the disorganisation caused by the 
subsequent demand for men and munitions held up the further 
development of the system. 

The success of the original Newport installation has created 
the inevitable demand for equal facilities in outlying districts, and 
this is now being met by the opening of two new Strowger 
exchanges at Risca and Cwmbran respectively. These are 
satellite exchanges of Newport and will operate in conjunction 
with the Strowger equipment at the main exchange. 

Risca is a town on the River Ebbw, 6� miles N.W. of New­
port. It has a population of 16,745. It is the centre of tinplate 
works, chemical works, and colleries. 
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Cwmbran, also an industrial centre with ironworks and 
colleries, is a village 6! miles from Newport. 

Both installations are of the Rotary P.B.X. type, comprising 
single units, that at Risca being equipped with 57 subscribers 
and 3 coin-box lines, whilst the Cwmbran unit boasts 76 sub­
scribers and 4 coin-box lines respectively. 

Although the system is 4-digit in both cases the local line 
Switch Units are only equipped with Rotary Line Switches, Final 
Selectors and Repeaters, the 1st and 2nd Group Selectors being 
located at Newport Main Exchange. Thus in making a local 
call in either Risca or Cwmbran the route �will be via the local 
Rotary Line Switch and Repeater to Newport, where, after pass­
ing through the rst and 2nd Group Selectors and Main Exchange 
Repeater, it will be diverted back to the local Final Selector and 
there completed. 

Subscribers' meters of the Booster battery type are provided, 
the calling subscriber's meter being operated only when the called 
subscriber answers. Ineffective calls are neither metered nor 
charged against the subscriber. 

The coin-box: lines liave access to two special Repeaters in 
each exchange and the junctions from these Repeaters terminate 
on the Manual board at Newport. where an operator is in attend­
ance to obtain the required number. 

Risca has 6 outgoing and I r incoming junctions, whilst 
Cwmbran is equipped with 8 outgoing and 12 incoming junctions. 
These are in addition to the two outgoing coin-box junctions 
previous\ y referred to. 

Following standard Strowger practice, the rotary line switches 
are mounted on two gates which may be swung outwards from 
the centre, allowing access to all the switchboard cabling. They 
are divided into four sections, each of 25 switches. 

Above the line switches is mounted a power-connecting panel 
with alarm fuses, through which the current is fed to the switches. 
Over this again is a terminal assembly, where the outgoing 
primary trunks from the line switches are connected to the trunks 
to Repeaters. The incoming trunks and final selector connec­
tions are also made at this point. Four tag blocks above the 
terminal assembly serve as terminals for the lines to line switches, 
and mounted between them 1s a supervisory lamp strip for 
signalling faults. 

On the Final Selector side of the two units are shelves, each 
with a capacity for 8 switches. The present equipment at Risca 
is r I Final Selectors and I Test and offering Final Selector, whilst 
Cwmbran has 12 Final Selectors and 1 Test and offering Final 

Selector. 
On the other shelves are mounted the Regular and Coin-box 
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Repeaters, together with the Howler Circuit Relay Group. To 
the left of each shelf is a fuse panel controlling the current supply 
to individual svvitches. 

The banks of all Final Selectors are multipled together, thus 
allowing any Final Selector access to any line terminating on the 
banks. 

Mounting plates above the Final Selectors carry miscellaneous 
relays and equipment. 

The Strowger Automatic Telephone Exchange equipment for 
these typical small outlying exchanges is extremely compact, 
despite which it gives immediate access without error or delay to 
any other subscriber in the Newport area or via " Trunks " to 
any part of the Kingdom. 

The completion of these Newport satellite exchanges marks 
another step in the progressive programme of Post Office auto­
matic telephone development by which areas surrounding a central 
main Excf1ange will eventually enjoy the advantages of a full 
automatic service. 

As in the case of the original Newport installation, the Strowger 
equipment for Risca and Cwmbran exchanges has been manu­
factured and installed for the Post Office by Automatic Telephone 
Manufacturing Co., Ltd., Liverpool. 

THE L.M. ERICSSON AUTOMATIC TELEPHONE 

SYSTEM. 

THE following 1s a description of the Automatic Telephone 
System of the Swedish L.M. Ericsson, of Stockholm, designed to 
meet the needs of modern telephonic communication, with its 
involved requirements and often dense concentrations. 

This system is of the power-driven type, employing connecting 
switches of 500 lines capacity ; associated wiper sequence-switches 
mounted on bases which also carry the trunk relays; trunk register 
finders or alternatively register trunk finders, of sequence switch 
pattern; and register sets, which temporarily come into service for 
projecting a call. 

All the three mentioned unit types, which together with relays 
may be said to constitute the system, are shaft driven and made 
readily demountable. 

A salient feature is the arrangement of the multiple, which 
consists of bare wires arranged in vertical frames for twenty lines, 
twenty-five such frames being mounted radially in a rack, the 
whole of a height that all switches requiring access to the group 
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of five hundred lines thus formed can embrace any required line 
upon its same stretch of bare wire multiple. 

These multiple racks are of identical construction for all stages, 
i.e., line finders, group selectors and connectors, so consequently 
all connecting switches are of similar design, varying only in 
minor detail. 
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THE L.M. ERICSSON AUTOMATIC TELEPHONE SYSTEM. 

To economise in height these switches are of dish formation 
operating in a horizontal plane, with a double movement of rotary 
and radial motion, the rot·ary movement first locating the required 
one of the twenty-five frames and the radial movement causing the 
brush carrier to travel along the multiple wires of this frame to a 
maximum depth of twenty lines: 

FTG. !.-SELECTOR RACK FOR 40 SELECTORS. 

!.-DESCRIPTION OF THE SWITCHING APPARATUS. 

A. The Selectors. 

The selectors are mounted in racks accommodating 40, 50, 60 
or 70 selectors. Fig. l shows a rack for 40 selectors. Such a 
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rack consists of two vertical channel irons connected both at the 
top and bottom by means of the brackets K. Additional brackets 
K1 are inserted for each group of ro selectors. 

On the insides of the channel irons are fastened metal strips 
with horizontal notches into which the selectors are slipped and 
locked in place. 

FIG. 2.·-A 500 LINE SELECTOR PLAN. 

Down the right side of the rack is the driving shaft, mounted 
in ball-bearings and furnished with double toothed drivers, W, 
one for each selector. 

The multiple consists of 25 multiple frames MF (Fig. 1 shows 
such a frame in position) placed radially in relation to the selector's 
centre of rotation, as shown in Fig. 2. Each multiple frame is 
composed of vertical bare wires for 20 lines, held by strips of 
insulating material. 

Fig. 2 shows in outline a selector rack with one selector as seen 
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from above. A connector is shown in Fig. 3. The main com­
ponents are:-

Base plate BP 
Magnet coupling MH- MV 
Rim gear wheel ... KR 
Rotary disc TS 
Locking magnet for the same . . . CV 
Contact arm KA 
Locking magnet for the same . . . CR 

The magnet coupling, mounted directly on the base, has two 
magnet coils M H and JVI V. The shaft M, carrying the toothed 
wheels FR and FR,, is run through the armature, which is 
common to both coils. The armature can be attracted by either 
the coil MH, giving it an upward movement, or the coil MV, 
giving it a downward movement. These movements cause the 
toothed wheel to be brought against either the upper or the lower 
driver \V, thereby giving the shaft M a rotary movement in either 
the one or the other direction. 

The function of the rim KR is to convey the movement from 
the wheel FR, to the rotary disc and the contact arm. The teeth 
on its outer edge gear into the wheel FR, and those on its inner 
edge gear into the wheel ZR, which is pivoted on the rotary disc 
TS, and whose function is to convey movement to the contact 
arm. The rear part of the contact arm is formed into a rack 
geared to the wheel ZR (ZR consists actually of two wheels, 
pivoted on the same shaft, the under one being geared to the rim 
KR and the upper one to the rack on the contact arm). 

Moveably mounted on the rotary disc TS is the contact arm 
KA, the front part of which is covered by an insulating sleeve of 

rectangular section, carrying the three selector contact springs, 
a, b, and c. The contact arm has two different movements, 
namely, a rotary movement, in which it follows the turning of the 
disc around its axis, and a radial movement, by which it moves 
into or out of a multiple frame. 

The movements of a selector are controlled by means of the 
two locking or centering magnets CV and CR. 

The magnet CV controls the rotary movement of a selector, its 
armature being shaped to a dog EV, which fits into notches on the 
rotary disc, thereby locking it. The notches are spaced so as to 
exactly conform to the position of the contact arm in relation to 
the multiple frames. In Fig. 2, for example, the contact arm is 
centred exactly opposite frame number r. 

The magnet CR controls the radial movement by means of its 
armature, which forms the dog ER, whose function it is to centre 
and lock the contact arm. This it accomplishes by striking into 
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notches on the contact arm, corresponding to the positions of the 
20 lines of a multiple frame. 

The magnets MH and M V are furnished with the necessary 
current through contacts located on the locking magnet armatures, 
when these latter are attracted. The two following cases can 
then occur:-

I. If the locking magnet CV is actuated, the selector is 
released for rotation and the rotary disc, together with 
the contact arm, will start turning. This movement 
continues until the circuit through CV is broken and 
the dog engages a notch, thus locking the rotary disc, 
the current supply to the magnet coupling being simul­
taneously cut off. A left- or right-handed rotary move­
ment is obtained depending on which of the magnet 
coupling coils MH or MV is energised. 

FIG. 3.-A CONNECTOR. 

2. If the locking magnet CR is actuated the contact arm is 
released for radial movement. · This movement con­
tinues until the circuit through CR is broken and the 
dog engages a notch on the contact arm, thus locking 
the same, the supply of current to the magnet coupling 
being simultaneously cut off. The contact arm is 
either thrust into or withdrawn from a multiple frame, 
depending on which one of the magnet coupling coils 
MH or MV is energised. 

As has already been mentioned, the three different types of 
selectors t1sed in this system, i.e., line finders, group selectors, 
and connectors, are mainly of the same construction. The details 
in which they differ are as follows:-
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Each line finder is provided with a special test spring, mounted 
on the rotary disc (does not occur in Fig. 3, which shows a con­
nector), by means of which that multiple frame is found, in which 
an incoming call is located. The vei;tical front bars of the multiple 
frames in the line finder racks are, for this purpose, used as test 
bars, with which this test spring comes into contact during the 
line finder's rotary movement. 

Group selectors and connectors have always a definite starting 
position for the rotary movement. They are provided with a cam 
plate F, mounted on the rotary disc, which alternately closes and 
opens a group of switching springs IV, thus sending impulses 
back to the register. 

The connectors are further provided with a switching group, 
IR, for the sending of impulses to the register when the contact 
arm is moving into a multiple frame. This switching group is 
actuated by means of a cam wheel, mounted under the toothed 
wheel ZR on the same shaft. 

P6 

FIG. 4.-SEQUENCE Swnc1-1. 

All selectors are furnished with two switching groups, OV and 
OR, mechanically actuated in the extreme positions, one of their 
functions being to reverse the movements. OV reverses the 
rotary movement and OR the radial movement. 

The connecting of a selector's wiring to the trunk lines 1s 
accomplished by means of an 18-point plug P, fitting into a 

corresponding jack J, mounted on the rack. 
After being pushed into place in the rack, the selector is firmly 

locked in position by means of the two springs FJ. 

B. The Sequence Switches. 

Each selector is furnished with a sequence s-..vitch and relays, 
the appearance of which is shown in Fig. 4. The contact bank 
consists of circular segments (the length of the arc being i of a full 
circle) in which metal contacts are embedded. Each segment has 
two rows of metal contacts, and a maximum number of 13 seg­
ments can be screwed upon a frame R, which, in turn, is screwed 
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to a second framework PB. This framework PB acts also as a 
support for the trunk relays. � 

As a sequence switch of this type has 12 positions and 13 rows 
of double contacts, it follows that 12 x 13 =· 156 different contact 
combinations are possible, but additional combinations can be 
obtained by making the bank contacts of different widths, so as to 
extend over more than one contact position. 

The sequence switches are power driven in the same manner as 
the selectors. M is the magnet coupling, with the toothed wheel 
ZR pivoted on its armature. The attracting of this armature 
causes ZR to engage a driving wheel mounted on the common 
driving shaft, the rotary movement being transmitted to the shaft 
S and the wiper arms . 

Each sequence switch is furnished with an electrically con­
trolled centering device, consisting of a cam wheel, CW, and the 
switching group C. Its function is to control the movements of 
the wiper arms by keeping the circuit closed through the centering 
spring until the wiper arms have reached the exact desired 
position. 

M 

FIG. 5.-COMPLETE REGISTER SET FOi< A I0,000 LINE SYSTEM. 

Sequence switches are connected to the trunk lines by exactly 
the same methods as selectors, i.e., by means of plugs P to jacks, 
which are mounted on the racks. 

The sequence switches are mounted on both sides of the rack, 
each side or panel accommodating 20 switches, with their fuses 
and alarm devices. 

C. The Register Sets. 

A register set is 
ponents being : -

The Base 
The Register 

shown m Fig. 5, the more important corn-

Units 
BP 

Re 
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The Restoring Mechanism, consisting of:­
A Magnet Coupling 
A Shaft S with discs 
A Sequence Switch 

M 
K 

MRR 

The relays with which a register set is equipped are mounted 
un the base BP, as shown at extreme left in Fig. 5. 

A register unit-shown in Fig. 6-is a step-by-step selector. 
The bank of contacts consists of circular segments of insulation 
(extending over slightly more than half a circle) in which the 
metal contacts are secured. The wiper arms are mounted on the 
shaft S, which also carries the ratchet wheel SW and the restoring 
arm RA. A register unit has 27 contact positions, i.e., the 
starting position o, 25 positions from 1 to 25, and one extra 
pesition, 26. 

D 

FIG. 6.-REGISTER UNIT. 

The ratchet device of the register unit consists of a magnet coil 
SM and its armature A. The armature actuates an escapement 
lever (not visible "in the illustration) which, in turn, acts as a 
releasing mechanism for the ratchet wheel SW. 

One end of the coil-spring SS is fastened to the frame and the 
other encircles the shaft S. 

This spring tends to rotate the shaft and wiper arms, which 
movement, however, is counteracted by the escapement lever, 
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which engages the ratchet \\"heel S\i\,r. Should the magnet coil 
SJ\1 be energised its armature will be attracted and the lever will 
release the wheel, allowing· the wipers to advance one step. 
A renewed breaking of the current will readjust the lever, allow-, 
ing the wipers to advance one more step. The wipers are thus 
advanced two steps for each full impulse (i.e., one closing and one 
breaking of the circuit). 

D is an indicator, which shows the position occupied by the 
wipers. 

The register units forming part of a register set are mounted 
on the base BP (Fig. 5). 

The shaft S with the discs K is made to rotate when the 
restoring magnet coupling is brought to engage the vertical driver 
shaft. The discs K are provided with studs which operate the 
restoring arms RA of the register units, thus restoring the wiper 
arms to the starting position, o. 

Register sets are also removable in the same way as selectors 
and sequence switches, i.e., by means of plugs fitting into jacks 
mounted on the racks. 

The register sets are mounted on either one- or two-sided racks, 
with 10 to 12 sets to each panel. 

D. The Relays. 

The relays used in an aulomatic exchange are of an improved 
type, eliminating all internal connections, all switching group and 
coil connections being carried out to soldering tabs. The advant­
age of being able to remove and replace coils and switching 
groups is hereby gained. The relay armatures have been re­
designed so as to make them more sensitive and quick-acting. 
Special pains have been taken to obtain a correctly balanced 
pressure for the contact points. 

11.-THE BUILDING UP OF THE SYSTEM. 

A.-The extending of calls to the group selectors, m the 
Ericsson automatic system, is accomplished by means of line 
finders. The Subscribers' lines are brought together in groups 
of 500. Every such group is connected to the multiple in a line 
finder rack. The number of line finders necessary for 500 lines 
depends on the traffic (i.e., number and average duration of calls 
during the busy hour) and usually varies between 20 and 50. 

B.-Each line finder is associated with a group selector, as 
shown in Fig. 7, LF signifying a line finder and GS a group 
selector. Should 40 line finders be required, the corresponding 
group selector rack will also contain 40 group selectors. Trunks 
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lead from the multiple frames in the group selector rack to the 
connectors or to further group selectors. 

Frc. 7.-LINE FINDER AND GROUP SELECTOR. 

If the full capacity of the twenty-five multiple frames for a 
group selector rack is utilised for trunks to connectors, a capacity 
of 25 x 500 = 12,500 lines is obtained. For practical reasons, 
however, it is not customary to use more than the first 20 frames 
for this purpose, the remaining 5 (2 I to 25) being used for special 
lines. 

A capacity of 20 x 50 = ro,ooo lines is thus reached by the 
use of only one group selector, as shown in Fig. 8. 

20 LINES 

2 LF 
500 

165 

20X 500:0 "-----/ ' 20 LINES 

] 
20 x 500:. 

500 
11110.000 • f0.000 

20 
20 LINES 

1 500 

Frc. 8.-SCHEMAT!C DIAGRAM FOR A ro,ooo LINE SYSTEM. 

The group selectors in a w,ooo line plant direct the connecting 
in of the desired 500-group by means of the rotary movement, 
while the radial movement is utilised to search out a disengaged 
connector. 

C.-The connector makes the final connection to the desired 
number. The group of 20 which contains the desired number is 
sought out by means of the selectors' rotary movement, and the 
final connection is accomplished by means of the radial move­
ment. 

A connector multiple contains 500 lines, similar to the line 
finder multiple. Each group of 500 lines, therefore, has its 
connector rack, containing a certain number of connectors, their 
number depending on the intensity of traffic. 

Fig. 9 shows the method of numbering the multiple frames in 
a group selector rack for a w,ooo-line plant, while Fig. 10 shows 
how connector multiples are numbered. 

Each group of I ,ooo occupies 2 frames in the group selector 
multiple, the first containing the 5 lower hundreds-from o to 4, 

and the second containing tbe 5 higher hundreds, from 5 to 9. 

D .-The capacity can be increased to 25 x 20 x 500 = 250,000 
by adding one more group selector, as shown in Fig. ll. 
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FIG. 9.-NUM13ERING OF MULTIPLE IN A GROUP SELECTOR RACK. 

FIG. 10.-·-NUMBERING OF MULTIPLE IN A CONNECTOR RACK. 

Trunks are carried from the first group selectors r GS to 25 ten 
thousands groups. These trunks end in second group selectors 
2 GS, the multiples of which are trunked to the connectors C of 
the respective 500 hundreds groups. 

25 x 20 x 500 

FIG. 11.-SCHEMATIC DIAGRAM FOR A 250,000 LINE SYSTEM. 

E.-Another system, in which either one or two group 
selectors are used to complele the connections, is applicable to 
plants of from ro,ooo to 60,000 lines. A schematic diagram of 
this system, for a plant of 30,000 lines, is shown in Fig. 12. 

The 30,000 lines are grouped in 3 ten thousands. The traffic 
between subscribers whose numbers are within the same ten 
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thousands group is handled by one group selector I GS, since the 
multiple frames of the first group selector rack contain trunk lines 
to the 20 five hundreds corresponding to their own 10,000 group. 
Trunk lines from the multiple frames 2 r to 25 proceed to the 
second group selector 2 GS, the multiples of which are in turn 
trunked to connectors. 

c 

FIG. 12.-SCHEMATIC DIAGRAM FOR A 30,000 LINE SYSTEM. 

Thus, a capacity of ro,ooo + (S x 10,000) = 60,000 is reached 
by this system when all the multiple frames of the first group 
selectors are utilised. 

c 

__ -----'1.£_____:=:>---�w 2:00-0 .... 

FIG. 13.-CONNECT!ON OF GROUP SELECTORS TO T.0.F. 

F .-The connecting in parallel of the group selectors' 
multiples, and the connecting of the cables to the connectors is 
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done in a traffic distributing frame. These frames are composed 
of two vertical angle irons furnished with tab strips to which the _ 

cable wires coming from the group selectors' multiple frames are 
connected and coupled in parallel so as to obtain an even distribu­
tion of connectors in relation to the amount of traffic. An example 
is illustrated in Fig. 13. LF and GS are line finder and group 
selector racks for 6 five hundreds groups. Trunking to the traffic 
distributing frame is shown from the first multiple frame only, 
corresponding to the five hundreds group 0000 to 0499. Thus a 
20-line cable is led from frame No. r in each group selector frame 
to the T .D .F. Suppose that traffic conditions necessitate the use 
of 60 connectors for 500 lines; the distribution can then be 
arranged as shown in Fig. 13, for example, by parallel coupling 
the multiples in pairs, each pair with. 20 trunk lines to the con­
nector rack in question. 

G. Connecting of the Register Sets. 

When a line finder is connected to a subscribers line, a register 
set must also be connected for the purpose of directing the move­
ments of the group selectors and connectors. Consequently, the 
register is placed between the line finder and group selector, as 
shown in Fig. 14. 

LF GS 

=r c 
REG. 

FIG. 14.--SCHEMATIC DIAGRAM FOR LINE FINDER, SELECTOR AND REGISTER. 

In view of the fact that a register set is engaged only as long 
as it takes the subscriber to dial the desired number and for the 
group selectors and connectors to move to their respective positions, 
while line finders, group selectors, and connectors, on the 
contrary, are engaged as long as the conversation lasts, it is easily 
understood that it would be highly uneconomical to provide a 
register set for each individual line finder, especially as they are 
comparatively expensive and bulky devices. For this reason, only 
a certain number are allotted to each group of line finders, the 
number being determined by traffic conditions. Special selectors 
are used for connecting the register sets to the line finders. Two 
different principles can here be applied. clearly illustrated in 
Figs. 15 and 16. 
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In Fig. 15 the connecting is accomplished bv means of so­
called register trunk finders. Each register set is furnished with 
a register trunk finder (the construction of which corresponds to 
that of a sequence switch) accommodating 35 lines. 

In this case, therefore, the line finders will form groups of 35. 
To each such group is allot1ed a certain number of register sets 
(6 to 9, depending on the traffic). A call entering such a group 
sets all the register trunk finders RS belonging to disengaged 
register sets in motion, and the one that first finds the calling line 
finder LF is connected. 

Lr GS 

=r.--....--------.-- L 
=r 2 L 
� 3 L 
=r 3� L 

REG 

FIG. 15.--SCHEnlATIC DIAGRAM FOR TRUNK REGISTER FINDERS. 

In Fig. 16 the register sets are connected by means of trunk 
register finders R \T, of which one is allotted to each line finder LF. 
The contact banks of these finders-consisting of 20 contact 
positions-are coupled in parallel and connected to 20 register sets. 
The number of line finders LF which can be connected to a group 
of 20 register sets depends on traffic conditions. (One group of 
20 sets can, as a rule, be connected to the line finders for 3 or 4 

five hundred groups). 

III.-FUNCTIONING OF REGISTER SET. 

The mechanical construction of a register set has already been 
described under II-C. \A.Then considering its functions, a 
register set may be divided in two parts, namely, the registering 
part, which receives and " registers " the numbers dialled from 
the subscriber's telepr·one (or, in the case of a semi-automatic 
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exchange, the numbers called from the operator's keyboard), .and 
the controlling part, vvhich directs the proper setting of the group 
selectors and connectors. 

The schematic diagram of a register set for a plant with sub­
scribers' numbers of four digits (oooo to 9999) is shown in Fig. 17. 
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F1G. 16.-ScHEMATIC Cmcun FOJ' Rrrc;IsTER TRUNK F1NDERS. 

A. Registering Part of the Register Set. 

That portion of the register set which registers the numbers 
consists of : -

The Irnp iilse Relay
· 

R1• 

The main function of this relay is to receive the impulses 
which are sent out by means of the subscriber's dial D. 
Simultaneously with the connecting of a register set to a sub­
scriber's line, a circuit from earth over the subscriber's line and 
telephone, and through the impulse relay R11 to battery, is closed, 
resulting in the actuation of the relay R1• The dialling of a digit 
creates a train of circuit breaks or impulses, causing the relay R1 
to be released as many times as the circuit has been interrupted in 
the dial. (The number of circuit breaks corresponds in this case 
to the dialled digit. The figure I will cause the circuit to be 
interrupted once, the figure 2 twice, etc., and the figure o, lastly, 
will cause the circuit to be interrupted JO times). 

The Restoring Relay R2• 

The function of relay R3 is t o restore the register to normal 
after a connection is completed. This relay is constructed so as 
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to be slow-releasing only. It is attracted through the contact (a) 
in the relay R1 at the same moment that the register is connected 
to a subscriber's line, and retains this position until the connection 
is completed. Owing to its slow releasing, relay R2 remains 
attracted during the impulsing of relay R1• 
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I I I 
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FIG. 17.--SCHEMATIC DIAGRAM OF REGISTER. 

The Controlling Relay Ra. 

CV(CFl) 
+ 

• 

+ 

The relay Ra controls the movements of the control switch 
SOR,. It is a slow acting relay similar in design to R2, and is, 
for this reason, attracted once for each train of impulses sent, that 
is, once for each figure dialled. 

144 
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The Control Switch SORi. 

This apparatus is similar in construction to a register unit, 
described under 11-C, and its function is the successive connect­
ing in of the units Rei to Re,. Its magnet is energized over a 
contact in the controlling relay Ra. 

The Registering Units Rei to Re •. 

The object of these units is to register the dialled numbers. 
They are successively connected in by the controlling switch and 
take the positions which correspond to the dialled numbers. 

Re, is in circuit when the thousands digit is dialled. 
Re2 is in circuit when the hundreds digit is dialled. 
Re3 1s m circuit when the tens digit is dialled. 
Re. is in circuit when the units digit is dialled. 

B. Controlling Part of the Register Set. 

This part of the register set is composed of-

The Revertive lnipulse Relay R,. 

The function of this relay is to receive the impulses sent out 
by the group selectors during their rotary movement and by the 
connectors during their rotary and radial movements, and repeat 
them to the controlling units Re5 to Re1• These impulses are 
generated over the impulse contact IV (IR), and correspond in 
number to the number of steps which the selector and connector 
movements have advanced. 

The Stop Relay Re5• 

The relay R5 cuts off the starting current to the group selectors 
and the connectors and serves also to close the circuit to the 
magnet of the control switch SOR2• 

The Control Switch SOR2• 

The function of this control switch is to successively connect 
m the controlling units Re5 to Re1• 

The Controlling Units Re5 to Re1• 

The controlling unit Re5 is set by the rotary movement of the 
group selector. 

The controlling unit Re0 is set by the rotary movement of the 
connector. 

The controlling unit Re1 is set by the radial movement of the 
connector. 

These controlling units, which receive their impulses from the 
revertive impulse relay R,., exactly follow the selector movements, 
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for example, when the rotary movement of a group selector has 
advanced r r steps, the controlling unit Re5 has also been advanced 
r r steps, etc. 
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The restoring mechanism with discs K has a sequence switch 
MRR connected to its shaft, one of whose functions is to connect 
in the battery for starting the group selectors and connectors. 
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The setting of the group selectors and :connectors is accom­
plished by means of so-called revertive impulse control. When 
a sufficient number of digits has been dialled and registered by the 
registering units Re1 to Re4 (the two first digits for a four-digit 
numbering system), the sequence switch MRR is reset so that 
battery is connected in for starting the group selector. The 
centering magnet for rotary motion CV is energized (over a special 
relay, which for the sake of simplicity, is omitted in Fig. 17), 
whereby its armature releases the rotary disc and simultaneously 
closes the circuit to the magnet coupling. Impulses are sent out 
to the register, while the group selector is rotating, whereby the 
controlling unit Re5 is properly set. When the selector move­
ment has. advanced a number of steps corresponding to the first 
two figures in the dialled number (the thousands and hundreds 
figures), a circuit is closed over the registering units Re1-Re5-
Re2 through the relay R5, which hereby attracts its armature and 
breaks the selector-starting current at the contact in R5• 

The principle of setting for the connectors is the same as for 
the group selectors. The setting of a group selector, as has 
already been mentioned, is determined by the first two digits of a 
four figure number, the first digit determining the thousands 
group, while the second digit determines whether the switching 
shall be directed to a five hundreds group of a low or high 
hundreds figure. This principle of setting is also made evident 
by the numbering of the group selector multiples as shown in 
Fig. 9. 

The rotary setting of a connector is determined by the hundreds 
and tens figures (see Fig. ro). It may here be noted, that the low 
hundreds figures o, I, 2, 3 and 4 are equivalent to the high 
hundreds figures 5, 6, 7, 8 and 9. 

The radial setting of a connector, lastly, is determined by the 
tens and units figures. 

IV.-CONNECTING A CALLING TO A CALLED SUBSCRIBER. 

The process of establishing a speaking circuit between two 
subscribers is shortly as follows:-

A. The call is connected to an idle line finder. 
B. The call is connected through the line finder and a 

register selector (or register finder) to a disengaged 
register set. 

C. The number called is registered within the register set. 
D. The group selector is set to its rotary position. 
E. The contact arm of the group selector enters the 

multiple, hunting an idle connector. 
F. The connector is set to its rotary position. 
G. The connector is set radially. 
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H. The register set is restored to normal after having 
completed its function. 

I. The connector is testing to see whether the desired 
number is free. 

K. A ringing current is sent out to the called number. 
L. The called subscriber answers, thereby breaking the 

ringing circuit. 
.M. The selectors are restored to normal when the call is 

cleared, the call being recorded on the calling sub­
scriber's service meter. 

DESCRIPTI0:-1 OF CIRCUITS. 

Fig. 19 depicts how a line finder seeks out a calling subscriber. 

A. Section I. Subscriber's connector multiple. 
,, II. Line and cut-off relay and meter circuit. 

,, III. Group relay for the 20 lines in a multiple frame. 
,, IV. Subscriber's line-finder multiple. 
,, V. Starting distributor. 

" VI. Line finder. 
,, VII. Sequence switch. 
,, VIII. Relevant circuit on group selector. 

\iVhen 
( r ) 
(2) 

a subscriber cal1s, the line relay LR actuating, causes 
The actuation of group relay LGR. 
The connecting of the cut-off relay BR to the line­

finder multiple " 
c 

" wire. 
(3) The '' d ' ' or front bar of the frame to receive a 

potential. 
Relay LGR connects with the starting distributor, common 

to 500 lines and relays SSR1 and SSR2 actuating, cause 
( r) The starting distributor to rotate by energizing the 

clutch magnet S. 
(2) The starting distributor arresting relay SSR2 to be 

connected through resistance r1 in parallel to all line 
finders which are hunting, it being gauged that ten 
or so such resistances in parallel will actuate relay 
SSR2. 

(3) Actuate relays RS2 of those line finders which happen 
to be coupled in over the starting distributor contacts. 

A relay RS3 actuating, causes the sequence switch clutch 
magnet SOS to actuate, carrying its wipers to the second position, 
when 

( r) The " d " wiper is connected in through the test relay 
RS1 back to the starting distributor. 

(2) A circuit actuates the centering relay for rotary motion 
of the line finder, which causes one of the clutch 
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magnets, in this case MVS, to rotate the line finder, 
springs OVS causing a reversal at an extremity. 

When the calling frame is found relay RS1 stops the rotary 
movement; releases LGR by draining its holding current, which 
stops the starting distributor (providing this LGR relay was the 
only one actuated) and also steps the sequence switch SOS to its 
third position. 
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The sequence switch SOS does not rest on its third pos1t1on, 
its centering cam having a blind tooth, which carries it to its 
fourth position. 
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In its fourth position it causes 
(r) The test relay RS, to be transferred from the "d " 

wiper to the " c " wiper, the " d" wiper being 
earthed to prevent more than one line finder search­
ing radially. 

(2) A circuit to actuate the radial centering magnet CRS, 
which causes the clutch magnet MHS to move the 
brush carrier radially along the calling frame. 

When the calling line is found, relay RS1 again actuates, when 
simultaneous! y 

(I) The cut-off relay of the calling line is actuated in series 
with it. 

( 2) This line tests engaged to other calls; the " c " wire 
having now too low a potential to actuate other test 
relays RS1 which are marginally adjusted with the 
resistance r2 normally in series. 

, + 
MRR 

SU 

+ �+ 
+°""""" ' 

RRa SOR1 

FIG. 20.-CONNECTING OF SU!lSCRlBER's LINE TO A DISENGAGED REGISTER. 

(3) The centering magnet releases, locking the brush 
carrier on this line and at the same time releasing the 
magnet clutch MHS. 

(4) The sequence switch moves to its fifth position. 
The calling line has now been connected to the line finder. 

B. The Call is Connected to an Idle Register. 

It will be assumed that the connection of the registers is 
accomplished in accordance with the principle of trunk register 
finders as shown in Fig. 16. 

Fig. 20 shows in skeleton the method whereby the register is 
connected to the line finder and consequently the calling sub­
scriber. 
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\tVhen the sequence switch (shown on the left) reached its third 
position, the clutch magnet RV of the register finder caused its 
wipers to search. 

vVhen an idle register is found, the finder is stopped by RRS1 
which actuates through the normal position of MRR1 on the 
register, when RRS2 couples through the necessary connections. 

As previously explained, the sequence switch is moved to its 
fifth position in the process of connecting the line finder to the 
calling line, so, when the register is also connected in, a circuit 
through the normals of relays RR1 and RR2 moves the sequence 
switch to its sixth position. 

The immediate effect is that the impulsing relay of the register 
RR1 is actuated over the subscriber's loop, breaking this circuit 
to SOS before it can step to its seventh position. 
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FIG. 21..-SETTING OF REGISTER BY MEANS OF THE CALLING DIAL. 

At the same time it will be observed that RRS1 is released, 
allowing RRS2 to retain over its alternative circuit, but RR1 by 
actuating the retaining relay RR2 will cause the side switch MRR 
to step from the normal position and hold the register busy, by 
reason of resistance r3 being disconnected. 

A circuit through the normal of switch SOR1 will actuate relay 
RRs, which in turn will actuate SOR 1 and step its wipers to the 
'second position. 

Now RR3 has no circuit so, when it releases, SOR1 steps to its 
third position, causing a dial tone SU to be induced over the relay 
RR1 to the subscriber's instrument. 

(SOR1 and all impulse responding switches on the registers 
step two positions for a complete impulse, resting the wipers on 
even numbers whilst actuated and advancing one step when 
released). 
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C. Storing the Number in the Register. 

Fig. 21 shows the apparatus involved in storing the call in the 
register, D being the subscriber's dial, LF the line finder in 
position, SOS position 6 of its sequence switch and REG the 
register. 

When the tone is heard, the subscriber is at liberty to dial and 
the result of the first train of impulses must be impressed upon 
switch Re11 the second on Re., etc., the four such switch wipers 
assuming positions in conformity with the dialled number. 

RR1 responds to impulses. 
RR2 remains actuated throughout the call. 
RR3 actuates each time RR1 first releases and will retain 

until a digit train is completed. 

When a digit is dialled, the circuit over the back contact of 
RR1, the front contact of RR2 will actuate RR3, stepping the 
SOR1 wipers from an odd to an even position without interfering 
with the parallel circuit through its contact bank to the storing Re 
switch in circuit. 

Consequently whilst RR3 retains, the Re switch will respond 
to the train, but the delay between digits, allowing RR. to release, 
will couple in the next Re switch for a further digit. 

D. The Switching Process for the Setting of the Group Selector 
to its Rotary Position. 

Fig. 22 shows 

REG The register apparatus involved in the reception of 
the back impulses. 

RV The a, b and c connections through the trunk 
register finder. 

SOS Position 6 of the line finder sequence switch. 
SOG The group selector sequence switch. 
GS The rotating details of the group selector. 

It is necessary that the first two digits be recorded in the 
register before the group selector be set. Then the SOR1 switch 
will have reached position 7-8, and consequently the side switch 
MRR will be stepped to its third position. 

Relay GR2 will actuate, moving the group selector sequence 
switch to the second position, GR2 retaining over its own contacts. 

In this position the rotary centering magnet CVG is actuated, 
causing the clutch magnet MHG to rotate the group selector from 
its normal position. Each frame position passed will send back 
a make alternating with a break, to RR1 of the register, which 
will cause R e5 switch to impulse, advancing a step for each new 
location of the group selector until its wipers rest on contacts 
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conforming to the setting of the first two storing switches Re1 
and Re2• 

In this position relay RR. is actuated, breaking the circuit to 
R G2 which, by releasing, stops the group selector at the required 
multiple frame and also steps its sequence switch to the third 
position. 
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Now the magnet SOR2 of the sequence switch for successively 
coupling in the back impulse switches Re, will step its wipers to 
the second position and remain there if the next number dialled 
has not been received to move SOR1 from position 7-8. 

Providing the third digit is recorded, SOR2 on its release, 
steps its wipers to position 3, coupling in switch Re6• 
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E. The Group Selector seeks for an Idle Connector. 

The group selector has now selected the five hundreds frame in 
which the wanted number lies, and Fig. 23 shows the process of 
finding an idle connector in this frame. 
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FIG. 23.--THE GROUP SELECTOR SEEKS AN IDLE CONNECTOR. 

Relay RG1 operated when the group sequence switch was in its 
first position (Fig. 22) and has since retained over its own contacts 
so, SOG now being in position 3 a circuit operates the radial 
centering magnet CRG which, in turn operates MHG, the clutch 
magnet for outward radial movement. 

This causes the brush carrier to travel down the frame, the 
" C " wiper progressively contacting with the connector test wires. 

A connector to test free, must have its sequence switch SOV 
in its first position and the rotary springs OVVand radial springs 
OR V at normal, and when such a connector is found, test relay 
RG3 actuates, both stopping the radial movement and connecting 
the a and b wires through, by moving SOG to its fourth position. 

F. The Setting of the Connector to its Rotary Position. 

This process is identical to the rotary setting of the group 
selector, and when accomplished the SOR2 switch in the register 
advances to or awaits the connecting in of Re1, depending upon 
whether the last digit has been stored. 

154 



THE L.M. ERICSSON AUTOMATIC TELEPHONE SYSTEM. 

G. The Connector is set Radially. 

This is accomplished in the same manner as the rotary setting. 

H. Restoring the Register. 

With the radial setting of the connector the register has com­
pleted its function and can be released for further calls. 

After the reception of the last series of back impulses, SOR2 
switch steps from the Re1 switch on contacts S and 6 (Fig. 22) to 
7 and 8 (Fig. 24) causing the line finder sequence switch SOS to 
step to position 7. 

SOS 

2 l5 

�+ 
MRR 

FIG. 24.--RESTORING THE REGISTER. 

Relay RR1 is disconnected from the subscribers' loop and its 
release, along with that of RR2 will actuate the side switch MRR 
which, by clutching the driving shaft, will cause a cam shaft to 
rotate and thus reload all register switches to normal. 

I. The Connector Testing to ascertain. if the Called Number is 
engaged. 

Fig. 25 shows the connector in conjunction with the line and 
cut-off relay of the called number. After the process of setting the 
connector, its sequence switch SOV rests in its sixth position, but, 
whilst passing its fifth position, the test relay R V3 was connected 
to the cut-off relay BR of the called number. (Relay R V1 is 
actuated from another source). 

Should this line be free R V3 will actuate, carrying SOV to its 
seventh position, but should it be engaged RR3 will not actuate 
owing to insufficient current. 

In this case SOV will remain in its sixth position, and by 
projecting a busy tone SU, induced over the feeding coils R V5, 
advise the caller that the line is engaged. 
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FIG. 25.--Trm CONNECTOR IS TESTING THE CALLED NUMBER. 

K. A Ringing Signal is sent out to the Called Number. 

When the sequence switch SOV (Fig. 26) has attained its 
seventh position, it will travel to its tenth position by reason of 
the blind teeth on the centering wheel, in the meantime sending 
out a preliminary or instantaneous ringing to the called number. 
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FJr;. 26.----A RINGJN<.; SIGNAL IS SENT OUT TO THE CALLED NUMBER. 
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The tenth position causes periodic ringing, which will continue 
until the ringing trip relay R V4 is actuated by the number answer­
ing, or alternately until the call is abandoned. 

First an instantaneous tone SU2 and then a periodic SU3 
advises the caller that ringing is in progress. 

The actuation of the ringing trip relay RV, steps SOV to its 
eleventh position and the manner of stepping the line finder 
sequence switch SOS (Fig. 27) left at its seventh position to its 
ninth position is as follows : -

Relay RR5, by actuating, short-circuits the test relay RG3 of 
the group selector, which on release, causes RS3 of the line finder 
also to release, when the SOS magnet moves its wipers from the 
seventh over the eighth (circuit not shown) to the ninth position. 

SOS SOG GS :F 
769 

+ 
SOS 

RG1 

. ' 

���-+--<-'-�.-..Lo + 

+ 
RVs 

RG.5 

FIG. 27.-SETTING OF THE LINE FINDER'S SEQUENCE SWITCH TO 

SPEAKING PosrrroN. 

When this is accomplished the speaking circuit in Fig. 28 1s 
established, the various sections showing-

A 
BRA 
LF 
SOS 
SOG 
GS 
sov 
c 
BRB 
B 

The calling subscriber. 
Cut-off relay. 
Line finder. 
Its sequence switch and relays. 
Group selector sequence switch and relays. 
Group selector. 
Connector sequence switch and relays. 
Connector. 
Called subscriber's cut-off relay. 
Called subscriber. 

L. Restoring the Selectors and Sequence Switches to normal. 

In this case clearing is not effected until both subscribers hang 
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up their receivers, but individual clearing can be substituted at 
will. 

The speaking or feeding relays RS2 and R V5 (Fig. 28) must 
both release before the apparatus can be restored to normal, the 
release of R V1 then starting this operation. 
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When R V5 releases, the short circuit on RG3 is removed and 
by its re-actuation, RS3 of the line finder will also re-actuate over 
a similar circuit on RG3• \!Vhen RS2 releases, RS1 will be short­
circuite<l and its release will cause the sequence switch SOS to step 
from its ninth position over its tenth, eleventh and twelfth to 
normal again. 

In the normal position the line finder brush carrier is with­
drawn from the frame. 
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The series coupling of RS3 to RG1 is discontinued after the 
tenth position of SOS, so the release of RG1 will then. cause the 
group selector SOG to be reset to normal and in like manner the 
connector SOV will be restored. 

M. The Call is registered on the Subscriber's Nleter. 

\Vhen the sequence switch of the line-finder passes its tenth 
position the cut-off relay BRA is released and over the eleventh 
and t\.Yelfth positions the circuit in Fig. 29 operates the meter. 

SOS 
1112. 

�+ 
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Frc. 29.-·-REGISTERING A CALL ON A SunscRJBER's METER. 

Ineffective calls, where no ans·wer has been received or the ea] I 
abandoned, the restoring of the line finder is effected from the 
eighth position of its sequence switch and consequently when this 
switch later passes its metering positions the brush carrier is 
already withdrawn from the multiple. 

In this manner provision is also made for non-registered calls 
to toll operators, trouble and information desks, etc. 

G.G. 
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TELEGRAPH AND TELEPHONE PLANT IN THE UNITED KINGDOM . 
TELEPHONES AND WIRE MILEAGES, THE PROPERTY OF AND MAINTAINED BY 

THE POST OFFICE, IN EACH ENGINEERING DISTRICT AS AT 3rsT MARCH, 1925. 

I 
No. of I Telephones Overhead Wire Mileages. Underground Wire Mileages. 

owned and I Eng_ine;ring 
maintained ' ---------- I District. 

I by the : Telegraph. Trunk. Exchange. I Spare. 1 Telegraph. Trunk. 
Post Offi_:::_i-----, ----- ______ I __________ _ , _____ ____ j 

Exchange. Spare. 

444,018 617 4,159 57,149 503 London 22,228 47,885 1,515,027 49,412 
52,570 1,920 19,412 52,871 1,714 S. East 3,793 19,417 83,049 15,441 
55,778 4.372 24,915 4z,512 1,684 S. West r3,262 3,964 83,451 27,005 
43,479 8,365 30,370 38,732 5,459 Eastern i3, 725 2 r ,472 44,524 46,521 
75,250 8,553 41,184 50,085 3,339 N. Mid. 17,355 30,529 126,978 78,679 
52,623 4,784 25,574 53,540 4,487 S. Mid. 10,607 14,028 103,485 , 82,781 
49,518 5,037 27,900 43,873 1,941 S. Wales 5,194 14,134 

I 
77,788 i 31,416 

78,755 8,565 23,526 40,491 4,885 N. Wales 11,813 28,807 140,204 ; 45,155 
123,777 2,986 16,837 46,708 3,296 s. Lanes. 12,364 58,481 1 322,817 

I 38,932 
74,318 6,344 29,166 42,014 2,724 N. East 8,070 25,960 f 153,628 21,002 
49,126 3,870 23,785 38,068 2,094 N. West 8,504 27,594 I 91,685 

I 
23,430 

38,692 2,526 15,233 23,613 2,117 North 2,755 8,368 I 60,263 25,199 

51,299 5,603 20,942 32,443 1,249 Scot. East 1,588 5,995 88,912 11,667 
17,564 4,785 5,894 11,335 23i Ireland N. 139 84 28,478 

I 
73 

--

73,958
_\ __ 

7.5
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38,7:__ ___ 
985
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_ ]_�267 
_! __ 

26,8:_ 
143,783 1,280,725 75,841 331,447 612,204 36,71 l Totals. . . I 

_____ , ____________________________ '----! 
I Figures on � I 1,249,748 , 76,347 327,419 606,427 37, 139 1 31st Dec. , ! 141,38o 1 

1924. I I 

326,725 3, 101,556 523,527 

308, 191 3,019,720 461,448 
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THE ROMFORD 

LOADED 

TO SOUTHEND-ON-SEA 

AERIAL CABLE. 

(54 PAIR/40 LB., PAPER CORE, LEAD SHEATHED).�.; 

By A. \1\T. GARDNER, A.M.I.E.E. 

Tms aerial cable line is the first of its type, of any considerable 
length, erected in this Country. It is constructed on a method 
similar to that adopted in America over long distances, but with 
some adaptations suitable for this particular work and for coiL 
loading in manholes. Briefly, it consists of a lead-covered paper­
core cable erected on a specially constructed pole route, the cable 
being suspended on a stranded steel wire by means of steel rings 
in place of the usual suspenders and the stranded steel wire being 
strained to such a tension that there is a very small dip. The 
poles are spaced at 40 yards. The cable, in approximately 400-
yard lengths, was drawn through the rings quite easily-in fact, 
much more so than in the case of a cable drawn into a duct. 

A few words upon the position which led up to the decision to 
erect this type of plant. In 1922 estimates were prepared and 
authorised for an underground cable along the then proposed new 
arterial road to Southend, but it was found later that the road 
would not be completed before the middle of 1924, and also that 
there would be great risk of dislocation of a duct line, due to 
possible subsidence of sections of the new road, which in several 
long sections is made up on embankments formed by the filling 
in of valleys and hollows. The need for additional trunk lines to 

• Abstract of Paper read before the Institution of Post Office Electrical Engineers, 
Eastern Centre. 

161 



THE ROMFORD TO SOUTHEND-ON-SEA LOADED AERIAL CABLE. 

Southend, however, was urgent and it was decided, therefore, to 

erect an aerial cable line. 
In the case of cuttings, the poles are erected at, or near, the 

foot of the batter or slope : in the case of embankments, the poles 
are placed at the foot of the embankment. This causes the line to 

undulate in some parts, as some of the embankments are 30 to 35 
feet high. 

At Rayleigh a deep cutting through a hill was made, extending 
for some 900 yards with a high and very gradual batter, very 
liable to slide and, in fact, numerous slides occurred during the 
work and have continued since: in this section, therefore, the 
line was erected over the hill on the top of the cutting and as far 
from the edge of the slope as possible. 

FIG. 1.-CABLING: DRAWING THROUGH CABLE RINGS . 

The spans are 40 yards and the poles are 281 medium and 301, 
stout, in the proportion of approximately 3 to r : if required, the 
line will carry a second cable similar to that already erected. 

Special attention was given to staying, according to the 
principles in general use for open lines, and the requirements were 
calculated by the stay slide rule but using the breaking strength 
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THE ROMFORD TO SOUTHEND-ON-SEA LOADED AERIAL CABLE. 

of the suspension strand wire (13,000 lbs.) in place of the breaking 
strength of line wires. 

In cases where the " pull on the pole " is more than 50 feet, 
stays are fitted in prolongation of the line on each side of the 
angle, in addition to a stay bisecting the angle. At railway cross­
ings the poles are back-stayed against the crossing span and also 
side-stayed. 

Side stays are erected every quarter-mile and line stays every 
half-mile-that is, at half-mile intervals, the poles are stayed in 
four directions. 

l __ _ _ 

FTG. 2.-METHOD OF LEADING CABLE DOWN POLES. 

The side stays are made off 12 inches above the suspender 
slrand, and line stays 4 inches belovv. 

The suspension wire is of 7 / 10 S. \V .G. galvanised steel, the 
breaking strength being 13,000 lbs. It was supplied on drums in 
half-mile lengths which were run out and used to the maximum 
length practicable. It is not an easy wire to handle. 

Brackets, known as No. 13, which occupy the same side of the 
pole route throughout, are used to grip the strand wire. 

Each bracket is supported by a bolt passing through the pole 
at right angles to the cable, the bolts being screwed at each 
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THE ROMFORD TO SOUTHEND-ON-SEA LOADED AERIAL CABLE. 

end, so that a second bracket can be added on the other side of 
the pole when required. An extra washer or nut is inserted 
between the bracket and the pole in order to give sufficient clear­
ance for the cable. 

The strand wire was run out over the ground, lifted over the · 

bracket bolts and then placed in the bracket clamps, which were 
tightened so as to hold the strand wire but not to injure the 
galvanizing while the wire was being strained up. 

To joint the strand wire, the ends are looped round interlocked 
thimbles and secured by clamps, three clamps being used on eadi 
side. 

Fw. 3.--TYPIC/\L SECTION OF ROUTE. 

The strammg of the strand wire was performed by means of 
blocks and tackle : this is one of the main features of this type of 
construction, and the most costly as regards labour. The tension 
on the unloaded strand was approximately 3,000 lbs. (calculated 
for the cable, weighing 3.5 lbs. per foot). 

The straining of the strand vvire was checked by the vibration 
method, i.e., by counting the vertical oscillations which result 
from placing a line over the middle of the span and releasing it 
suddenly. The dip at the centre of a 40-yard span at 40°F. was 
19.6 inches and the number of seconds for 40 vibrations was 17 .4. 

The galvanized steel cable rings are of the " Bonita " type and 
oval in shape. They are fixed by a man riding in a bosun's chair 
running on the strand wire, and are spaced 20 inches apart 
normally and l 2 inches at railway crossings. 



INTRODUCTION OF UTILITY SERVICE MOTOR VEHICLE. 

The chair is hauled along as required by another man by a 

line attached to the running block and as each ring is fixed a line 

is threaded through it, to be used later as a draw line. Knots 

made in the line give the ring fitter the correct spacing. 
The cable is 54 pair/40 lb. P.C., M.T., Aerial, external 

diameter r .64 inches, and 50 pairs are loaded. 
The sheath is an alloy containing 99% lead and 1% antimony, 

. 101 of an inch in thickness and capable of withstanding an 
internal air pressure of 75 lbs. per sq. inch. 

All joints are made at pole_s. The loading points are at inter­
vals of r .6 miles and at these points the cable is led into manholes 
specially designed. 

SUMMARY OF WORK. 
Poles erected 
Stays ,, 

905 

441 
Struts '' 40 
Number of rings 62, 150 
Length of cable drawn in-20.65 miles. 

INTRODUCTION OF UTILITY SERVICE MOTOR 
VEHICLE IN THE ENGINEERING DEPARTMENT. 

THE vehicle about to be described has been specially designed 
for use in rural areas, where travelling facilities are poor and much 

FIG. 1.-SIDE Vrnw SHOWING LOCKERS. 
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INTRODUCTION OF UTILITY SERVICE MOTOR VEHICLE. 

time is lost in going to and from the points where new telephone 
services are required. 

The body, attached to a 30-cwt. Albion chassis, subsidy type, 
is fitted with locker compartments, accessible from the outside, for 
the various overhead line stores, internal wiring stores, apparatus 

FIG. 2.-REAR Vrnw S1-rnwING INTERIOR EQUIPMENT. 

and tools used in connection with the prov1s1on of subscribers' 
circuits. The tops of these lockers form convenient shelves on 
th� inside of the vehicle. 

Seating accommodation for six men is provided on the right 
hand side of the gangwa>' between the lockers. The full length of 
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lNTRODUCTION OF UTILI1'Y SERVICE MOTOR VEHICLE. 

the vehicle has been made available for passengers by hinging 
the step to the tail board. 

Complete protection from the weather is afforded by curtains 
on the sides and rear of the body. Those in the illustration have 
been rolled up to show clear! y how the ladders are supported by 
the hooks on the stanchions . .  Four ladders can be carried. 

The experiment has proved very successful and six more 
vehicles will shortl v be brought into commission. 

R.T.R. 



QUARTZ CRYSTAL RESONATORS. 

By F. E. NANCARROW, A.R.C.Sc., A.M.I.E.E., M . I.R . E . 

EARLY standards of, or means of measuring, the frequency of 
an oscillating current of radio frequency were based upon accurate 
knowledge of the characteristics of some standard circuit consist­
ing of an inductance joined across a condenser. Sometimes these 
circuits were fitted with an indicating device, such as the Neon 
Tube, in the case of the early Fleming Cymometer, or a rectifying 
device and telephones, as in the case of the Marconi " Wave­
meter. '' 

The modern standard is based upon the frequency of oscillation 
of a valve-maintained tuning fork, usually of the order of 1000 

cycles per second, which frequency can be compared against 
standard time. This method, which was the subject of an article 
by the present writer in the October number of this Journal of last 
year, is probably, and is likely to remain, the most accurate 
method of measuring radio frequencies. 

There are, however, other sub-standards of high frequency 
oscillations depending neither upon the electrical characteristics 
of an oscillatory circuit nor upon the low frequency vibration of a 
tuning fork, but directly upon the frequency of longitudinal vibra­
tion of rods of quartz crystal. Their utilisation depends upon 
two factors; the natural frequency of vibration of a quartz rod 
and the phenomena known as the piezo-electric effect exhibited 
by many crystalline substances. 

A crystal is said to be piezo-electric when if it be mechanically 
strained it exhibits an electric polarisation, and conversely when 
electrically polarised it suffers mechanical strain. An alternating 
electric stress properly applied will thus set up an alternating 
condition of mechanical strain. 

Rochelle Salt and Quartz are the two crystalline substances 
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QUARTZ CRYSTAL RESONATORS. 

which have been mainly studied in this connection, the former by 
Nicolson"' and the latter by Cady,t who has carried out all the 
pioneer investigation into the usage of quartz crystals at radio 
frequencies. 

Quite small voltages are sufficient to set a rod of quartz crystal 
into oscillation when the frequency of the applied voltage coincides 
with the mechanical frequency of vibration of the rod, and the 
low mechanical resistance of the quartz makes it eminently suitable 
as a standard of frequency. The curves given and specified later 
illustrate the point very remarkably. 

MOUNTING FOR QUARTZ RE:JONATORS 

BRA�5 5LOCK5 TO SUIT CRYSTALS 

BRASS 8LOCk5 
/ 

LJl 5MALr.. C.<?r9Tl1L 
2·6mm 

5ro( t:.L..E.VATION 

FIG. 1.-MOUNTING FOR RESONATOR. 

The constants of quartz, i.e., the density and elasticity, arc 
such that if l be the length of a suitably cut rod in m.m., then the 
n:;sonant frequency of vibration is approximately given by the 
relation 

f= 
2

·7 � 103 kilo cycles per second. 

In practice, rods can be cut ranging in frequency from about 1 ooo 
to 100 kilo cycles per second, i.e., with lengths ranging from 2.7 
to 27 m.m. The cross section may be r m.rn x 2 m.m., so that 
the rods are always quite small. In order to electrically operate 
upon the rods they can be mounted loosely between two sheets of 
a conducting material. Fig. I illustrates the type of mounting 
which has been used in the Radio Laboratory. As is seen, the 
quartz rods when mounted are eminently portable. Actually the 

* Proceedings. American I. E.E., 1919. 
t Proceedings. Institute Radio Engineers, Apl., 1922. 
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Ql'ARTZ CRYSTAL RESONATORS. 

rod is loosely contained within the mounting, the gross clearance 
in any direction being of the order of 0.5 m.m. 

To demonstrate the resonant frequency of a quartz crystal 
resonator a circuit arranged as in Fig. 2 can be used. Here A is 
a valve oscillator arranged so that the capacity element by its 
variation allows of a fine degree variation of the frequency. B is 
a normal oscillatory circuit consisting of an inductance and 
capacity, with a thermo-couple and galvanometer inserted in order 
to read the current. If, now, the circuit B be kept fixed and the 
frequency of A varied, the readings of the galvanometer will give, 
providing the coupling between the two circuits is suitably weak, 
the resonance curve for the circuit B. If, however, the quartz 
crystal resonator be connected across the condenser of the circuit 

QUARTZ RESONATOR 

B 

THE RMO-COUPU 

FIG. 2.-CIRCUIT. 

B, with B set initially to approximately the frequency of the 
crystal, and the same procedure followed, a frequency will be 
reached at which the quartz rod is set into oscillation and the 
consequent absorption of energy will cause the current in the 
circuit B to fall. How critical is this coincidence of frequency and 
how marked the result is well shown in Fig . 3, which illustrates 
the results obtained with a quartz rod 24.8 m.m. in length. Curve 
I. was obtained with the circuit B initially set to approximately 
the resonant frequency of the quartz rod and affords an interesting 
comparison between the electrical damping of the circuit and the 
mechanical damping of the rod. The ratio between the mechanical 
damping of the rod and the electrical damping of the circuit can 
be roughly taken as the ratio between the \vidth of the crevasse 
due to the quartz resonator and the width of the resonance curve 
of the circuit, both widths being taken midway between maximum 



QUARTZ CRYSTAL RESONATORS. 

and m101mum values. Curve II. illustrates the effect obtained 

when the circuit B is initially mistuned. 
Actually the precision \\·ith which the oscillator could be set 

to the resonant frequency of the quartz rod in the above cases was 
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of the order of I in 50,000, an accuracy much greater than that 
with which the absolute frequency of the oscillator, and thus the 
quartz rod, can be measured. The actual measurement of the 
resonant frequency, once the coincidence of oscillator and quartz 
rod has been obtained as shown above, is effected by using the 
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QUARTZ CRYSTAL RESONATORS. 

Multivibrator apparatus previously mentioned, by which means 
the quartz resonator can be calibrated to an accuracy of I part in 
ro,ooo. 

The nature of the crevasse due to the quartz resonator and 
thus the operation of setting an oscillator to the exact frequency of 
the resonator will depend, assuming the oscillator is capable of 
the necessary fine variation, upon the decrement of the circuit B. 
In the case illustrated by the curve in Fig. 3, the circuit had a 
fairly low decrement, the inductance being of a standard type 
having a low H.F. resistance. The curves of Fig. 4 give the 
nature of the crevasses obtained when resistances of fine wire of 
15 ohms and 40 ohms respectively had been added to the circuit. 
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The delineation of the resonant frequency is not so sharply defined 
as before, but it is still of a precision equal to that with which the 
absolute frequency can be measured. 

Figs. 5 and 6 illustrate the results obtained with rods of lengths 
12 m.m. and 2.8 m.m. respectively, and the Table below gives the 
resonant frequencies and lengths of a trio of quartz rods recently 
experimented with. 

Length of rod. 

2.8 m.m. 

12.0 
2+8 " 

Resonant Frequency. 
-----!�--------· �--------- ----

957.7, k.c.p.s. 
22 1.8. 
110.4 

" 

Once calibrated, the quartz resonator becomes a portable sub­
standard of frequency, and the reverse of the processes described 
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INTERFERENCE TO BROADCAST RECEPTION. 

can be carried out in order to calibrate either an oscillator or a 
plain oscillatory circuit. Of course a number of such resonators 
of different frequencies would be required for this purpose. 

INTERFERENCE TO BROADCAST RECEPTION 
RECEIVERS. BY OSCILLATING 

TESTS have been made at the Post Office Research Station at 
Dollis Hill with a single valve having grid circuit connected to 
aerial and anode reacting thereon. 

A single valve receiver with reaction was used; it was direct 
coupled on to the antenna. Measurements were taken using two 
different valves in the receiver, a D.E.3 (.06 amp, filament current) 
and a V.T.3 valve (.85 amp. filament current). 

SINGLE VALVE WITH REACTION. 

I 
I 
I 

IC) 
: 60.V. 
I 
I 
I 

__L 

The oscillating current produced in the receiving aerial was 
measured with a Yacuo-thermo junction and mirror galvanometer. 

The above is a diagram of the apparatus used. 
It will be seen that disturbing currents up to a value of 5 milli­

amperes may easily be obtained. 
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Wave length. 
.� � 

I 
400 metres 

5:; (/) " " 
U) � " " 
b.1)"0 ' 
c: c: t " " 

·� 0 
�u " 

600 

1000 

" 

Valve. Antenna Coil. 
D.E.3. 100 I' I-I 
V.T.3. 
D.E.3. 

" 
V.T.3. 

" 
D.E.3. 250 I'- H 

" 
V.T.3. 

" 
D .E .3. 

v.T.3. 

Reaction Coil. ilntenna Current. 
250 /l· H 1. 1-3.3 millic1111ps. 

r.0-2.0 
" r.0-4.0 

.100 I' H 2. 15-5.0 
250 I' H ·9 
500 I'- H r.o-r.8 
500 /1- H .95-3.3 

!OOO I'- H .95-4.i " 
500 I'- H Would not oscillate. 

1000 I'- H .6-1.8 n1illi<1n1ps. 
500 I'- H .7 

1000 I'- H .7-r.6 " 
500 I'- H Would not oscillate. 

1000 µ H ·5 milliamps. 

As the Dollis Hill aerial used is slightly lower in capacitv 
and of higher resistance than the standard P .M . G .  aerial, it is 
probable that slightly higher current values would he obtained on 
an ordinary broadcasting receiving aerial. 

The large disturbing value of such currents will be realised 
when it is stated that in some transmission experiments carried 
out by the Post Office , transmitting at Devizes on �1 2501 high 
aerial and a currPnt of TO NIA on a wave-length of I ,Soo metres, 
good CVi' signals were generally received at Dollis Hill, about 
; 5 m ii es clistan i. 

On the shorter wave-lengths emploved in urdinat·1· broadcast 
11·ansmissions 1he amount of radiation would lw appreciably 
greatPr than on t ,800 metres. 
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NOTES AND COMMENTS. 

THE paper read before the parent Institution by Colonel 
Purves on " Automatic Telephony " provides the most complete 
summary of the history and development of the subject yet 
published in this country, and traces the progress made towards 
the complete conversion of the British Post Office system. That 
the entire switching arrangements will ultimately be automatic in 
operation no one doubts ; the authorities are concerned now with 
the gradual transfer, which must be accomplished without inter­
fering with the services at present afforded, existing facilities 
must be fully maintained, the new methods must be applied in 
the most dficient and most economical manner. A fairly com­
plete summary of the Engineer-in-Chief's paper will appear in 
our pages, we hope, in due course, but in the meantime a limited 
number of copies has been obtained :with the object of supplying 
them free to regular subscribers who do not secure copies in the 
usual way from the Institution of Electrical Engineers. Applica­
tions for copies should be sent to the Managing Editor, through 
the local Agents, and stamps to cover the postage should be 
enclosed with the application. 

In our last issue we commenced to publish much fuller lists ·of 
Staff Changes than formerly, and it is pleasing to understand 
that the change is being appreciated. In such a large list there 
is ahv-ays a possibility of error, but one mistake in the April 
number demands, we think, a sincere apology. The name of Mr. 
R. E. Guthrie, Northern District, appeared among the deaths. 
\Ve are glad to hear that .Mr. Guthrie is not dead ; he retired from 
the service on the 3 Ist December last, and we trust he has still 



NOTES AND COMMENTS. 

long years of life ahead. \Ve regret the mistake very much and 
hope there will be no repetition of such an error. 

\A/ e have been advised by the Commercial Information Depart­
ment of the Trade Delegation of the U .S .S .R. that the develop­
ment of the radio industry has made enormous strides in Russia 
recently and that a radio exhibition is being held in the Poly­
technic: .Museum, Moscow. Nine sections will deal with every 
phase of the history and development of the industry. The 
exhibition will continue open till the end of August. Applica­
tions from foreign firms who wished to participate were required 
to be sent in before the rst of June. 

The blowing of one's own trumpet is not always in good taste, 
but we ourselves are brazen enough to take the opportunity of 
directing the attention of our readers to a review elsewhere in this 
issue by Mr. O'dell of a German book on telephone traffic 
problems. In the bibliography quoted in the book there are ro 
references to this journal out of a total of 17 external to the Reich. 

This is only another proof of the status and influence which the 
magazine has acquired in the technical literature of our time. 

The following letter from Mr. J. G. Hill will be welcomed by 
all, not only for the valuable contribution to the subject he treats 
but for the inevitable inference that he is very much alive and as 
keen as ever to give of his best to the service of his colleagues. 
He has just completed a trip to the south-west of France, the land 
of his adoption, and has returned to Dinard in good health and 
spirits:-

The J1anaging Editor. 

Sir,-1 have read Mr. Morice's valuable article on "The 
Theory of the Shunted Condenser," in your issue of April last, 
with great interest. The general agreement between the experi­
mental observations and theoretical calculations appears to me to 
be striking and convincing. 

As regards " The ' Law ' of the Shunted Condenser," how­
ever (Part III, page ro, etc.), I think, without wishing in any way 
to challenge the conclusions arrived at, that it may be of intere�t 
to supplement the useful information the writer has given. It 
seemed to me, after reading the article, that the following question 
naturally arises : -Seeing that the supposed " law," if there be a 
law, has not the meaning which is usually associated with the 
shunted condenser when the relation L= CR 2 obtains, what pre-
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NOTES AND COMMENTS. 

cisely happens when this relation exists ?-After some investiga­
tion I arrived at certain conclusions, and as these throw light 
on an old Post Office practice, they may interest your readers, and 
I therefore give them. 

In the first place I find it convenient to reproduce Mr. Morice's 
equation (2) and to call it (1), viz.:--

i= �- {. I+ e-at [ (R + R,)-=J,(a+ ,B) e+f3t -
R +R1 2L,B 

(R :+- R��/3L(a �,B) e-f3t J )- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (r) 

It will suffice for my purpose to consider the case in which ,e 
is imaginary, in which case this symbol may be prefixed by the 
root of - r or v - r = j. ,B then becomes f,B and (I) may be written 

. v l i= I�+R� 1-c-"1(cos ,Bt+ i ; 
GENERAL. 

R + R1 I l 
L,B f sin ,Bt) j (2) 

The angle /31 inclic<1les that in t seconds this angle has revolved 
throug·b ,St radians, nm\ when ,BI= 21i, the angle has revolved 

27T through one complete period. In that case ,8=--- . Also by a 
t 

well known relation T =f and therefore ,B=2rrf. Thus, according 

to the magnitude of ,B the transient signal has a periodicity 
,B = 2rrf . 

Now the attenuation or clamping constant a,, and the angle ,B 
are of such dimensions for telegraph signals such as we are con­
sidering, that the transient part of the signal is often practically 
extinguished by the time the angle (3t has revolved through rr 
radians (half a period), and always in less than one period. 

In such a case it will be seen, on examination, that the slow 
periodicity of the transient part of the telegraph signal may be 
utilised to secure the rapid rise, and even the temporary reinforce­
ment of that signal, by variations of the Sine and Cosine of the 
angle ,Bt, which may be positive or negative. 

EXAMINATION OF EQUATION (2) . 
In order to properly appreciate the results obtained when 

L=CR2 it is desirable to first make a brief analysis of equation (2). 
Three cases may with advantage be considered. 

Let the variable part of (2) be written separately and called 
£1 thus 
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i1 =e-"' [ cos (Jt+ ( ; - R �;1 ) sin (3t J . . . . . . . . . . . . . . .  (2a) 

C ( ) (J=o. In this case cos o= r. Sin o=o and .". (2a) a.r:e r . 

reduces to 

i2=e-at . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (2b) 

In this case the extinction of the trrrnsient signal i2 depends on 
the mrrgnitude of the rrttenurrtion constant a,. This case corres­
ponds to Mr. Morice's example in Table II of the article in 
question, in which the capacity is r.483 mf. 

a R + R, 
) Case (2). In (2a) let · = --- - ·  , then (2a reduces to 

(J L/3 

ia=e-at cos (Jt ......................................................... (2c) 

Also L=(RR1+2R2)C . .. . . . . . . . . . . ... . .. . . . . . . .. . . . . . . . . . . . . . . . . . .  (2d) 

In this case the Yariations of cos (J between f3t=o and 
(Jt = rr result in an increased rate of rise of the telegraph signal as 
compared with (2a). If \Ye take the same constants as those used 
in the article, viz., R,=300 ohms, R=700 ohms, L=3.5 henrys, 
it is found that the capacity required to satisfy (zd) is 2.94 mf. and 
it will be further found that the example in Table II, where the 
capacity is 3 mf., may be approximated to by formula (2c). 

Case (3). In (u1) let ( � - IZ ��) = - A, i.e., let the 

quantity in the brackets be negative and call it -A, assuming that 
such a coefficient is practicable. Then (z) becomes 

i4=e-a' (cos (Jt-A sin (Jt) . .. . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . .. . . . .. (2e) 

vVith this form of equation-other things being equal-the 
rate of rise of the telegraph signal becomes more and more rapid 
as A increases in value. In Mr. Morice's table (2) the two 
examples having a capacity exceeding 3 mf. are examples which 
may be calculated by this equation. In the case of the example 
where ro mf. capacity is utilised the coefficient-A= - r approxi­
mately. vVith the constants used this is a coefficient very favour­
able for rapid rise and temporary reinforcement of the telegraph 
signal. 

There is in reality a fourth case where A is positive; but it 
presents no advantage for our purpose, and is neglected. 

Summary of the Analysis of (2a). 

It is possible to choose and arrange the constants of the 
shunted condenser and relay under (3) heads. In order to obtain 
a rapid rise and temporary reinforcement of the signals, arrange­
ment No. (3) (equation (2e)) is the most advantageous. 
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v\THEN T,=CR2• 
TV hen L= CR2 the resulting eqitalion is of the form (2e), Case 

(3), and is favourable to rapid rise of the telegraph signals. 
Let L =CR 2 and substitute this value of L in (2a). In that 

case (··(3CL__ - Rz/3R1 ) becomes a J.3:+R1 0• (3 (3C R 2 (3 f3 

( c�- + -��2-) = j- - f ( c� + �1-) = ; /3 2 { � 

- Equation (2a) then becomes ( C
I
R + 

R
L1 ) = .f3a . _ 2

13
0. = _ 

(3
a 

i, =e-"t (cos (3t- ; sin (3t) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (2f) 

For values of R betvveen 300 ohms and 1000 ohms the value of 

� varies between - o. 7 and -r. These figures are selected as 

giving a sufficient! y wide range of variation of the resistance 
shunting the condenser in connection with the Post Office 
Standard " B " rel<w. If, however, the range of R is extended 

be:·ond 1000 ohms tlw further change in - ; is only small. As 

an example of (2f), take again the case where L=3.5 henrys, 
R1=300 ohms and R=700 ohms. Then for L=CR2 we have 
C=7.14 mf. In that case (2f) becomes 

i5=e-113t (cos rgrt-0.745 sin 1911). 
It is evident that when cos rgrt=o.745 sin 191t (2f) becomes 

e-143txo=o, and (2) becomes i= i� V
R which is the value of the 

-...+ 1 
current for the permanent signal, and this value will be attained 
in a little less than 0.005 second. The current will afterwards be 
reinforced and temporarily rise above its normal value in an 
analagous manner to some of the curves in Fig. V of the article 
rn question. 

A remarkable case occurs when L=CR,2 and R=R1 for then 

a=-1-(3= 1 = 1 .(SinceL=CR 2)=-1-,so that 
CR ;,/LC ;,/C2R2 C R 

a.={3 and (2f) becomes 
i5 = e-at (cos (3t - sin (3t). 

Now since (3 = 1 , those familiar with this type of equation 
;,/CL 

will recognise that f3= 1 indicates that the circuit oscillates 
;,/CL · 

at the resonance frequency which would occur if there were neither 
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resistance nor leakance in it, although in fact there are both. A 
relatively low impedance is also indicated. Although the form of 
the equation indicates a rapid rise of current the equation is not 
suitable for the required purpose, because the limitation R = R1 
results in a relatively small value of a and (3, which is not the best 
arrangement for the shunted condenser in connection with the 
Standard Relay B. The capacity required would also be rela­
tively high. It may be worth noting, however, that the attenua­
tion constant obtained in this case is exactly the same as if neither 
resistance R nor capacity C had been added to the relay circuit. 
The great advantage in this case (when L=CR12) is that an 
additional powerful effect is obtained from the factor cos (Jt- sin (Jt, 
in addition to the effect of formula (zb). 

Further, in the general case when L = CR 2 the attenuation 
constant a varies directly as R + R11 for 

_ 1 ( Ri I ) _ 1 ( Ri R ) 1 ( R + Rr ) a-2 \L + CR -2 L + CR2 =:z --L-
I have assumed throughout, as indicated by Mr. Morice's 

experiments, that notwithstanding variations of impedance calcu­
lations of the type here made give a useful indication of the results 
to be expected. 

Conclusion. 
vVhen the relation L =CR 2 exists in connection with the 

shunted condenser arrangement here considered, the conditions 
are generally favourable for a rapid rise and a temporary rein­
forcement of the permanent telegraph signal. It does not, how­
ever, necessarily follow that this arrangement is the best. Each 
case should be considered on its merits. 

As a rule for application in the absence of more detailed in­
formation the relation L = CR2 may be made very useful if the 
capacity used is not great (the highest capacity used 111 the 
experiments would be well within the permissible limit). 

Finally, I may say that this study is not intended to be ex­
haustive; for example, it is possible to give rules for the best type 
of signal from permissible constants, but in order to do this it 
would be necessary for me to have reference to data referring to 
the transient voltage in the shunted condenser, which I published 
some time ago. As I am, however, at the moment, far from my 
sources of information, this must be left. 

Yours faithfully, 
J. G. HILL. 

l\1EGA- AND MICRO-. 
The mega-volt and the micro-volt may be regarded as appro­

priate symbols for the two important Conferences which are about 
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to take place in Paris, as we go to Press. Big-power is represented 
by the " International Conference on the extension of High 
Tension Power Systems," which meets on Tuesday, the 15th June, 
and little�power by the next Session of the famous " Comite 
Consultatif Internationale des Communication Telephonique a 
Grande Distance," which follows a ·week later. The two Con­
ferences cannot be regarded as entirely independent, so important 
has the question of interference with telephone service by big­
power now become. The danger to life and hearing is not con­
fined to direct contact between the big and little-power conductors, 
for very appreciable voltages h�we been picked up inductively by 
telephone wires. The British Post Office representative at the 
big-power Conference is S. C. Bartholomew, whose work on the 
subjects of interference and protection are so well known. Mr. 
Bartholomew attends in the dual capacity of representing the Post 
Office and the Institution of Electrical Engineers in Paris and it 
will no doubt be recollected that .Mr. Bartholomew's recent paper 
before the I.E.E. on " Interference" earned the Institution's 
\A!ebber Award for 1924-5. Both Conferences are discussing 
directives (guiding principles on the subject drawn up by the 
Comite Consulta1if and big-pn';.cier will be represented at little­
pmver's Conference. 

HEADQUARTERS NOTES. 

EXCHANGE DEVELOPMENTS. 

The following works have been completed:-

Exchange. 

Kirkcaldy ... 
Leeds (Modifications) 
Rise a 
Bristol Extension 
Cheetham Hill Extension .. 
Clissold Extension 
Edgbaston Extension 
Enfield New 
Higher Broughton New ... 
London Toll Extension 
Mill Hill New 
Northampton Extension ... 
Tilbury New 
Weston-super-Mare New ... 
Booth & Co. 
Cardiff Union 
Coopers Stores, Glasgow ... 
Dunlops Extension 
Lovell & Christmas 
Scottish Auto Assn. 
Willis Faber Extension 
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Type. No. 

Auto 

,, 

Manual 

,, 

P.A.B.X. 

of Lines. 

6So 

54 
So 

440 
1500 
1060 
lSoo 
lJ20 

600 
1040 
666 
S70 

40 
50 
So 

100 
40 
50 
10 
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Orders have been placed for the following New Exchanges:-

Bedford 
Coventry 

Exchange. 

i\forningside, Edinburgh ... 
Murrayfield, Edinburgh 
Newington, 
Camberley .. . 
Gravesend .. . 
Slough 
Balfour, Ltd. 
Birmingham Maternity 

Hospital 
Co-op. 'Wholesale Society .. 
Crosse & Blackwell 
Langs Bread 
London Express Newspaper 
Shell-Mex, Ipswich 
Wallpaper Manufacturers .. 

Type. 

Auto 

" 

Manual 

" 

P.A.13.X. 

No. of Lines. 

1450 
3100 
2335 
1605 
1980 

720 
1240 

540 
30 

20 
160 
180 

30 
120 

25 
30 

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

Exchange. 

Stanningley 
Stockport 
Swansea 
Barnsley 
Chester 
Clissold 
Ravensbourne 
Rossen dale 
Rusholme 

I 
Type. \ No. of Lines. 

' ------------- - - 1 ---------

Auto 

" 
Manual 

TELEPHONE REPEATER STATIONS. 

260 
880 
440 
300 
460 

2700 
1200 

320 
500 

The installations of the follovving Repeater Stations have been 
completed by the Contractors:-
Fenny Stratford (Permanent), Derb\· (Permanent) and Aldeburgb. 

\\Te hope to be able to giYe a complete detailed description of 
a typical telephone repeater station in our next issue. 

LONDON DISTRICT NOTES. 

MILEAGE STATISTICS. 

DURING the three months ended 3 lst March , 1925, the follow­
ing changes have occurred:-

Telegraphs.--Nett decrease in open wire of 135 miles and a nett 
increase in underground of r31 miles. 

Telephone (Exchange).-Nett increases in open wire and 
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underground of 277 miles and 17,409 miles respectively, and a 
nett decrease in aerial cable of 882 miles. 

Telephone (Trunks).-Nett increases of 6 miles and 1,666 miles 
in open wire and underground respective! y. 

Pole Line.-Nett increase of 94 miles, bringing the total to 
date to 5,078 miles. 

p,ipe Line.-Nett increase of 147 miles, making the total to 
date 5,904 miles. 

The total single wire mileages at the end of the period under 
review were:­

Telegraphs 
Telephone (Exchange) 
Telephone (Trunks) 
Spares 

EXTERNAL CoNSTR ucnoN. 

23,866 
1,573,001 

53,325 
49,915 

Exchange Lines and Extensions provided and recovered 
during the quarter ended 3rst March, 1925 :-

Provided 
Recovered 

Exchange Internal 
Lines. Extensions. 

9,728 7,261 
2,841 2,979 

6,887 4,282 

INTERNAL CONSTRUCTION. 

External 
Extensions. 

1,006 
582 

424 

New Exchanges.-Ne1.v Manual Exchanges have been opened 
at l\lalden (C.B.10. 700 lines), Palmers Green (C.B.r. 2200 lines), 
Mill Hill (C.B.i. 600 lines) and Tilbury (C.B.10. 700 lines). The 
construction of new Manual Exchanges at Enfield, Albert Docks 
and Sloane (temporary) is nearing completion. 

Exchange Extensions .-Extensions of Exchange equipment 
are in progress at over 50 of the Exchanges in the London En­
gineering District. 

P.A.B.X.'s.-The Private Automatic Branch Exchanges 
which are being installed under contract by Messrs. Siemens 
Brothers for the Port of London Authority at the various Docks 
qre nearing completion, and it is anticipated that the installation 
will be brought into commission during July. The P .A .B .X. for 
the Prudential Assurance Company has been completed. 

lVIR. JOSEPH HENRY STANHOPE. 

MR. J. H. STANHOPE, Assistant Superintending Engineer, 
London Engineering District, terminated his service with the 
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Department on 3oth April, 1925, after completing 44� years' 
service in the Post Office, of which 29 years were spent in the 
Engineering Department. 

Mr. Stanhope entered the Service at Leeds in 1880. He grew 
to be a man of exceptional physical strength and great energy. 
It was his habit to walk the nine miles to and from his place of 
duty at whatever hour his duty began and terminated. He was 
ahvays jovial, good natured, and under his somewhat bluff exterior 
a most sympathetic and kindly man. Many officers in the En­
gineering Department will miss his cheerful personality and his 
very ready and valuable advice. 

At the transfer of the Telephone Trunks to the Department, 
Mr. Stanhope was one of the officers selected for the work of 
fitting up Exchanges and he dealt with the equipment at many 
places in the North of England. In 1896 he was appointed Sub­
Engineer in the Leeds Section. In i898, he was promoted to 2nd 
Class Engineer at Headquarters, and in 1901, he became a First 
Class Engineer in charge of the Bradford Section. He was trans­
ferred to London in 1903 as First Class Engineer in charge of the 
Central Exchange and the Trunk Exchange at the G.P.O. South, 
where he remained until 1909, when he was promoted to be 
Assistant Superintending Engineer in the South Metropolitan 
District. In 1906 Mr. Stanhope \Yas commended by the Post­
master-General in connection with the transfer of the City and 
Central Exchanges and again in 1908 he received the commenda­
tion of the Secretary and the Engineer-in-Chief for the successful 
manner in which the work in connection with the Knightrider 
Street extension of the Central Exchange was carried through. 
On the amalgamation of the Metropolitan Districts at the end of 
September, 1912, he became an Assistant Superintending Engineer 
in the London Engineering District. vVhen Mr. Stanhope came 
to the District the number of faults per station per annum was 
3.52. In the fault returns for April, 1925, the number was .93. 
This marked improvement is a glowing testimony to the energy 
displayed by him in his duties as Assistant Superintending En­
gineer in charge of Internal and External Maintenance. 

As a token of the respect in which he is held, Mr. Stanhope 
was presented on the clay of his retirement ·with a gold watch, 
suitably inscribed, and a pair of Goerz binoculars, together with a 
gold brooch for his mother, with whom he resides. The pre­
sentation was made at Denman Street by Mr. R. Mcllroy, Super­
intending Engineer, in a very human and kindly manner, before a 

large and representative gathering. Many expressions of good 
feeling were forthcoming on all hands, among the speakers being 
Mr. Alex. Moir (late Superintending Engineer). Several 
humorous references were made to Mr. Stanhope's characteristic 
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mode of expression, and a cheerful note, which was specially 
welcome, accompanied the proceedings throughout. 

Mr. Stanhope's many friends vvill learn with interest that he 
has taken up the position of Engineer of the Jersey States Tele­
phones. His success in this position will be assured if he exerts 
anything approaching the energy he has displayed during his 
service with the Post Office. 

All his colleagues wish him good health and happiness in his 
new sphere. 

POST 
THE 

OFFICE 
INSTITUTION 
ELECTRICAL 

ANKUAL J\IEETII\G. 

R.A.vV. 

OF 
ENGINEERS. 

THE Nineteenth Annual J\1eeting of the Institution was held at 
the Institution of Electrical Engineers, London, on the l2th May, 
the President, Colonel T. F. Purves, in the Chair. 

The Annual Report of the Council 1vas presented by the 
Assistant Secretary and was approved by the meeting on the 
motion of l\fr. S. C. Bartholomew, seconded by Capt. J. G. Hines. 

The financial statements for the year were presented by the 
Treasurer, J\Ir. E. H. Shaughnessy, and were adopted on the 
motion of Major H. Brmrn, seconded by 1\Ir. A. 0. Gibbon. 

Colonel Purves then presented the following medals awarded 
for the Session 1923/2-+ :-

Senior Silver Medal tu Capt. ] . G. Hines for his paper on 
" Some considerntions affecting the Lay-out of Tele­
phone Plant in a IVIulti-Excbange Area." 

Junior Silver Medals to Messrs. A. J. Pratt and G. H. A. 
\Vildgoose for their joint paper on " The Economical 
Provision of Plant for Telephone Development." 

A hearty vote of thanks, proposed by Mr. A. L. DeLattre, 
Vice.President, and seconded by Mr. A. J. \V. Dauncey, was 
accorded to the retiring members of Council-Messrs. E. H. 
Shaughnessy, E. J. \Vilby, V{. H. Cresswell and R. Towers­
for their services during the past three years. 

The Council and Officers for the year 1925-6 are as follows:­
Chairman-Mr. A. L. DeLattre. 
Representing Staff of the Engineer-in-Chief's Office:-

.Mr. J. \V. Atkinson and Mr. G. F. O'dell. 
,, Executive Engineers-

London: Mr. A. vVright. 
Provinces: Mr. F. \iV. Best. 
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THE lNSTlTUTION MEDALLISTS FOR SESSION 1923-4. 

Senior Silver Medal: Captain J. G. Hines (top). 
]wiio'> Silver Medal: Messrs. A. J. Pratt (right) and G. H. A. Wildgoose. 

(Mr. Wildgoose's photo is by Guttenberg, Manchester.) 



THE INSTITUTION OF P.O. ELECTRICAL ENGINEERS. 

Representing Assistani and Second Class Engineers­
London: Mr. W. Dolton. 
Provinces: Mr. C. E. Morgan. 

" 

" 

" 

,, 

Chief Inspectors: 
London: Mr. vV. A. Romain. 
Provinces: Mr. A. S. Carr. 

Clerical Staff-
London: Mr. E. H. M. Slattery. 
Provinces: Mr. T. E. Cramp and Mr. 

A. J. W. Dauncey. 
Inspectors-

London: Mr. C. \i\T. Messenger. 
Provinces: Mr. R. P. Collins. 

Draughtsmen-
London and Provinces: Mr. H. J. Millett. 

Honorary Treasurer-Mr. B. 0. Anson. 
Secretary-Mr. R. V. Hansford. 

COUNCIL NOTES. 

The last meeting of the Council for the year 1924-25 was held 
in London on the r2th May. 

The Council approved the Report of the Judges for the recent 
Essay Competition and the following is the order of the prize 
winners:-

r. F. J. Gibbs, Repeater Station, Marlborough. 
'' Telephone Repeaters in Practice.'' 

2. S. H. Johnson, External Section, Birmingham. 
" Fault Locating in Local Underground Cables." 

3. A. F. Strudwick, Tunbridge \Velis. 
"Small Matters that need Reform in the P.O.E.D." 

4. H. S. Twort, Tunbridge vVells. 
" Making a Local Development Survey." 

5. H. C. A. Linck, Internal Section, Cardiff. 
"The Extension of Large Multiples." 

The Council authorised the printing of the follcrwing paper : -
"Siemens No. r6 Automatic Telephony Equipment," b y  

C .  vV. Brown (E.-in-C.O.). 
The Council received and approved the annual reports of the 

various Committees of Council and passed the Annual Report of 
the Council. 

The first meeting of the Council for the year i925-6 was held 
in London on the r2th May, 1925. 

The Council elected the Committees of Council and re­
appointed the officers for the ensuing year. 
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The Council discussed the proposed activities of the Institution 
for the ensuing session and, inter alia, decided to hold another 
Essa v Competition for vVorkmen. 

The probable financial results of the year's working were dis­
cussed, and an estimate of the revenue and expenditure for the 
year was approved. 

LOCAL CENTRE NOTES. 

LONDON CENTRE. 

SESSION 1924-25-SECOND HALF. 

Arrangements were made with the General Electric Co. for a 
visit to their Osram Lamp \iVorks at Brook Green, Hammersmith. 
The number of members wishing to visit the works was so large 
that the Company kindly offered seven afternoons, taking a party 
of 32 on each occasion. The visit was much enjoyed and the 
Committee would like to take the opportunity of thanking the 
Managing Director and his staff for the personal interest taken 
in the matter. 

On l3th January, 1925, Mr. J. S. Brown, M.I.E.E., read a 
paper on "Submarine Cable Work in Tidal Waters." An 
abstract of the paper appears in the April, 1925, number of this 
Journal. 

On roth February, 1925, Mr. W. S. Mountain gave a lecture 
on " Contracts." A synopsis of the lecture is given under the 
Northern Centre notes in the January, 1925, number of this 
Journal. 

On 28th April, Mr. J. E. Statters read a paper on "Telephone 
Transmission." A brief outline of the scope of the paper is given 
in the South Midland Centre notes in the April, 1925, number of 
this Journal. 

At the conclusion of the Annual General Meeting of the 
[nstitution on roth May, Mr. F. 0. Barralet, M.Inst. of Metals, 
A.M.I.E.E., read a paper on "Some Applications of Optical 
Methods to the Investigation of Engineering Materials." The 
author gave a brief description of the microscope and its acces­
sories, the adaptation of the microscope to the examination of 
metals, and practical examples of its use; the Greenhough 
binocular microscope; the Quartz Spectrograph and its use in 
qualitative and quantitative analysis, and the specification of 
colour by means of the method of mono-chromatic analysis and 
the Nutting calorimeter. 

An oustanding feature of the Session just closed was the 
inauguration of informal meetings. The Committee considered 

189 



LOCAL CENTRE NOTES. 

that the work of the Institution would be very usefully extended 
by holding such meetings, one of the principal objects being to 
encourage the younger members to take part in the discussions. 
The innovation has met with striking success. The application 
for short papers, occupying about a quarter of an hour to read, 
met with a ready response. The subjects selected were as 
follows:--

Subject. Date. 
(I) " Some aspects of DeYelopment Studies " 28-10-24 
(1) " The duties of Clerk of vVorks on Telephone 

Exchange Installations " I 5- I I-24 
(3) '' Automatic Exchanges in Director Areas. 

Circuit and Operation of the Final 
Selector for P.B.X. groups, 2-ro lines" r6-r2-24 

(4) " Wireless. Low Frequency Amplification " 20-r-25 
(5) " Fitting vVork " 24-2-25 

The average attendance was 52 and the interest shown iQ the 
discussions has been most encouraging. Informal meetings will 
form a definite part of the London programme in future. The 
expenditure incurred in connection with these meetings was quite 
small; any travelling expenses were borne by the members. 
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CO;\Il\IITTEE FOR SESSION 1925-6. 

Chairman: Mr. F. L. Henley. 
Vice-Chairman : Mr. J. P. Price. 

H eadq uarlers Representatives : 
Staff Engineers-Mr. P. T. \Vood. 
Clerical Staff-

Executive Engineers-
lVIessrs. vV. Pennington and E. V. Smart. 

Assistant Engineers-
l'viessrs. vV. Dolton and A. J. Sharpley. 

Chief Inspectors-
Messrs, J. Prescott and \V. A. B. Romain. 

Inspectors-
M essrs. W. H. Cresswell and D. C. D. P. Maddocks. 

Draughtsmen--
Mr. H. Taylour. 

London Clerical Staff-
Messrs. E. T. Larner and E. H. M. Slattery. 

South Eastern District-
Engineering Staff-Mr. vV. J. Jenkins. 
Clerical Staff-Mr. P. J. Dodgson. 

R.T.R. 
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SCOTLAND \VEST CENTRE. 

The final meeting for Session 1924-25 was held in the Royal 
Technical College, Glasgow, on 27th April, Capt. Crompton 
presiding. 

After disposal of the business, appropriate to the Annual 
General Meeting, j\fr. T. Bell delivered his lecture on " Cable 
Balancing" which was held over from January meeting. 

At the outset the lecturer explained the necessity for cable 
balancing, and then explained the various steps taken in making 
the tests. Slides were shown illustrating the apparatus, cables, 
layout of plant, and schedules used in recording the results of the 
tests made preparatory to jointing. Interest was sustained 
throughout the lecture, and a very good discussion followed. The 
answers to questions were fully dealt with, and they provided 
further useful information on the subject. 

SCOTLAND EAST CENTRE. 

SESSION 1924-25. 

The opening meeting. of the Session was held at Edinburgh 
on the lgth November. A lecture on ·' Contracts " was delivered 
by Mr. vV. S. Mountain, of the Engineer-in-Chief's Office. The 
subject was dealt with in a masterly manner and was followed by 
a most useful discussion. 

The Lecturer's humorous vein enlivened the proceedings and 
eventually aroused the local wit, whose seidlitz powder fiz was 
irresistibly funny. 

A hearty vote of thanks was accorded the lecturer for his very 
interesting, authoritative and informative lecture. 

The second lecture which had been arranged had unfortunately 
to be postponed to another Session owing to the prolonged illness 
of the lecturer. 

The third item on the programme was a paper entitled 
"Siemens No. 16 Automatic Telephone Equipment," by :Mr. 
C. \i\T. Brown, of the Telephone Section, Engineer-in-Chief's 
Office. The paper was illustrated by lantern slides and had been 
specially written for the Scotland East District. The subject was 
dealt with under the following heads:-

(1) Some features of the Switches and Banks. 
(2) Messrs. Siemens Bros. diagram scheme and conven-

tions used. 
(3) The tones employed. 
(4) Elements of the Main Circuits. 
(5) Satellite Exchange arrangements. 
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(6) Testing and Trunk offering switches. 

(7) Auxiliar)' signals and alarms, etc. 

Messrs. Siemens Bros. & Company very kindly loaned a full 
working model, \Yhich was on exhibition at \Vembley, and Mr. 
Long, of their \Vool wich Staff came specially clown to Edinburgh 
in connection with 1he lecture. His excellent demonstration was 
thoroughly enjoyed. 

The discussion was opened by Mr. F. G. Milne, Secretary to 
the Post Office for Sco11and, who expressed his pleasure at being 
present at the meeting, and spoke in eulogistic terms of the work 
of the Engineering Department. 

Various points of interest were raised by other speakers and 
fully explained by Mr. Brown. 

Mr. D. MacLachlan, in his inimitable way, moved a very 
hearty vote of thanks-

( r s1) To l\Ir. Brown for his exceedingly interesting and 
instructive lecture, which had aroused the keenest 
interest and was rendered more valuable by the fact 
that the system ·was shortly to be installed at Edin­
burgh. 

(zncl) To l\fr. Long for his excellent demonstration. 

(Jrcl) To Messrs. Siemens Bros, and Company for placing at 
the disposal of the Centre the i\fodel Automatic Equip­
ment and also the services of Mr. Long, at very con­
siderable expense to themselves. Messrs. Siemens 
Bros. had also agreed to the continued loan of the 
demonstration equipment for educational purposes. 

The audience included members of other Government Depart­
ments and outside Technical Bodies, and was the largest since 
the inception of the Institution. 

Owing to the illness of l\fr. J. E. Statters, after his arrival at 
Edinburgh, the arrangements made for his lecture on " Telephone 
Transmission " had perforce to be cancelled. The members had 
been eagerly looking forward to a lecture on this important 
subject, and it was with very great regret that they learned of 
Mr. Statters's indisposition. 

The lecture, "Some Notes on the Edinburgh-Newcastle Main 
Underground \Nork," by Messrs. G. Innes, P. G. Martin and 
J. Gilbert, has also unavoidably been cancelled, Mr. Martin 
having been for some time in England undergoing a special 
course of training, and Mr. J. Gilbert, since his transfer to 
Edinburgh, had been fully occupied in connection with the exten­
sive alterations at the Central Telephone Exchange. They had, 
therefore, been unable to devote the necessary time to the pre­
paration of the papers, 
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The concluding meeting of the Session was held on 28th April, 
when Mr. J. \V. Ja rvis read a paper on "Main Cable Testing." 
The subject is one of especial interest at the present time and a 

vast amount of informettion vvas imparted bv the lecturer in the 
time at his disposal. The various points dealt with were illus­
trated by an excellent series of lantern slides. A useful discussion 
followed, and the lecturer was complimented on the masterly 
manner in ·which he had dealt with the subject. A hearty vote of 
thanks was carried with acclamation. 

NOR TH 'vVALES CENTRE. 

The last meeting of the 1924-5 Session took place on roth 
March, 1925, when '' Transmission Efficiency of Telephone 
Circuits-External Plant " was dealt with by Messrs. W. C. 
Burbridge, A . . M.I.E.E., and E. A. Pearson, A.lVI.I.E.E. Mr. T. 
Plummer, f-Ll.E.E., occupied the chair. 

Mr. Pearson in introducing the subject dealt with line trans­
mission and l r affic circulation and the types of circuits required 
between (a) small exchanges and group centres; (b) group centres 
and zone centres, and (c) between different zone centres. He laid 
special emphasis upon the importance of avoiding even very short 
lengths of low gauge underground in zone centre circuits. 

Mr. Burbridge's contribution dealt more specifically with the 
design of junction cables, and the difficulties met with in fore­
casting conductor requirements at the estimate stage in view of the 
unforeseen factors which frequently altered the whole aspect of a 
case. 

An admirable discussion drew many interesting points, which 
were replied to by the lecturers. 

The Session has been a most successful one both in the attend­
ances at the meetings and in the quality of the papers presented, 
and it is satisfactory to know that a complete programme has 
already been arranged for the coming Session. The membership 
has been increased to 156, which represents 90% of the eligible 
number. 

It is perhaps worthy of note in commenting on the progress of 
the Centre that the Chairman, Mr. T. Plummer, M.I.E.E., bas 
only been absent from the Centre meetings on two occasions since 
he became Chairman in 1910. 

It is pleasing to the members of the Centre to observe that the 
District was represented in the list of prize winners in the essay 
competition for workmen arranged by the Council, Mr. S. H. 
Johnson, of the Birmingham External Section, being successful 
with an essay on " Fault Locating in Local V nderground Cables." 
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SOUTH MIDLAND CENTRE. 

The concluding lecture of last Session, entitled " Aids to 
Efficiency," was given by Mr. W. Atkins, A.M.I.E.E., on the 
25th March. The Lecturer stated that every worker, irrespective 
of his grade, had abundant opportunities for striving for maximum 
efficiency, and he considered that that desideratum is obtainable 
by the possession of a retentiYe memory, a sense of order and 
method, and an appreciation of perspective. 

He enlarged upon the value of a good memory and explained 
how that gift could be improved by exercise. Muddle was con­
demned and a few useful general tips for ensuring order and 
method were described. The systematizing of correspondence was 
stressed and the filing arrangements adopted by the author were 
explained in some detaiL 

The importance of precision in correspondence was enlarged 
upon and the ludicrousness of the literal meaning of some amusing 
examples of loosely worded notices which are commonly displayed 
was greeted with laughter. 

Mr. Atkins advocated the adoption of the key-coding system 
for correspondence emanating from larger offices, which arrange­
ment, he claimed, would reduce delay. 

The lecture concluded with a plea for broad-mindedness, 
initiative and courage and convincing illustrations were given of 
undesirable results obtained when these qualities were lacking or 
deficient. 

Messrs. Peck, C L Perkins, Lines. Harris, J. S. Brown and 
the Chairman in turn expressed gratitude to the Lecturer for a 
paper which had shown them how to reduce their official cares, and 
Mr. Atkins replied to the questions asked. 

The Chairman thanked Mr. Atkins for his paper, and the 
meeting concluded with the endorsing applause of the audience. 

There was an average attendance of 58 at the six meetings of 
this Centre held last winter in the Universitv College, Readina. 

, b 

The Local Committee are pleased to announce that at the end 
of June there had already been a 30 per cent. increase in member­
ship since the end of the 1924-5 Session and that a full and 
interesting programme for next Session has now been arranged. 

A.W.L. 
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THE Post Office Engineering Department has suffered a severe 
loss by the death of Mr. T. Patterson, Executive Engineer, 
London District, which took place on the Sth June. He had 
suffered from gastric trouble for some years, and although, latterly, 
it was realised that he vvas seriously ill, the end came with un­
expected suddenness. He was 55 years of age. 

Mr. Patterson entered the Post Office service in 1887 and 
served successivelv as Sorting Clerk and Telegraphist; Junior 
Clerk, Engineering Department; Sub-Engineer; 2nd Class 

Engineer; Assistant Engineer; and Executive Engineer. He 
vvas a man of generous impulse and wide sympathies, which were 
readily translated into practical expression when the occasion 
arose. The magnetism of his personality gained him a large circle 
of friends, which extended much beyond the confines of the 
Engineering Department. His geniality and goodwill were 
infectious-he radiated friendliness. 

Apart from his attractive personal qualities, which alone would 
have sufficed to keep him in grateful memory, Patterson will be 
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remembered as one of those who took a prominent part in the 
movement which resulted in the introduction of vVhitleyism into 
the Civil Service, and the establishment of a separate vVhitley 
Council for the Post Office Engineering Department. The report 
of the Government Committee presided over by Mr. vVhitley, 
issued in the closing months of the ·war, stirred his imagination 
and fired his enthusiasm. Its appeal to representative men " with 
pride in their calling" to come together and apply themselves to 
promoting harmony and efficiency was like a clarion call to him 
and he threw himself heart and soul into the struggle to bring 
about the realisation in the Civil Service of the Yision which the 
vVhitley report had inspired. For, be it remembered, the Govern­
ment of the day had no intention of applying the \Vhitley :scheme 
to the Civil Sen·ice, and they gave way only after an intense 
campaign had demonstrated that the whole of the Civil Service 
was united in its desire to test the merits of the new scheme. 
Patterson was at this time Chairman of the Executive Committee 
of the Society of Post Office Engineers and he took a large part in 
the further struggle to gain recognition for the Engineering 
Department as a separate unit for \Yhitley purposes. \Vhen this 
had been successful he became the first Chairman of the Staff Side 
of the Engineering Departmental \Vhitley Council, an office which 
he held for two years. Perhaps his most important work during 
that period was his participation in the framing of the present 
recruitment scheme for the Post Office Engineering Department. 

Patterson was an able member of his profession. To the tasks 
which confront the Sectional Engineer of to-day he applied himself 
with a characteristic zeal which was an inspiration to his staff. In 
the fateful days of the war he had to meet the exacting require­
ments in connection with the installation and maintenance of 
defence and other emergency communications (e.g., those required 
between searchlight and gun stations in the sector of the London 
defences controlled by him), and subsequently he had taken his 
part in the solution of the general problem of how to meet the 
situation arising from the introduction of automatic telephones 
and the rapidly expanding development of the Service. In 
particular, he had a high conception of what was required of a 
Sectional Engineer in his dealings with the public: he stood for 
the principle of providing the very best service that could be given 
and no complaint ever came to his notice which was not treated 
from the standpoint that investigation might reveal a weakness in 
some part of the system which ·was impairing its efficiency. 

G.B. 
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MR. HENRY FORD'S INDUSTRIAL PH ILOSOPHY. 

The last hundred years has seen this country and others trans­
formed by what is termed industrialism and we have reached a 
period when all the methods by which industry has been carried 
on are being challenged. 

The relative merits of the private business, the joint stock 
company and the State industry are discussed and yet economic 
theories are heard on every platform and published in all sections 
of the press. 

This being the atmosphere surrounding our activities it is 
well for us at times to detach ourselves from our theoretical studies 
and seek a perspective which ·will enable us also to view the 
human and practical difficulties which beset us in every sphere of 
our commercial life. 

The reading of Mr. Henry Ford's book " My Life and \Vork " 
is a valuable aid in enabling us to focus our attention on these 
problems in the light of the experience of one whose methods of 
business are being discussed the ·world over. 

It may be urged that Motor Cars are not Telephones, and that 
Tractors are not Telegraphs, and that Post Office engineering, 
comprising as it does a widely scattered staff with an extensive 
administrative area, cannot be compared with centralised manu­
facturing plants such as that controlled by Mr. Forcl. vVhilst 
this may be true in many respects, it will be admitted, I think, 
that the views of any successful administrator regarding human 
tendencies and relationships as he sees them can usually be con­
sidered with profit. 

Mr. Ford endeavours to upset many preconceived notions 
bearing on the conduct of business and time will show to what 
extent his philosophy is accepted. 

Dealing with administration he says : -

" That which one has to fight hardest against in bringing 
together a large number of people to do -vvork, is excess 
organisation and consequent red tape. To my mind there is 
no bent of mind more dangerous than that which is some­
times described as the 'genius for organisation.' This 
usually results in the birth of a great big chart, showing after 
the fashion of a family tree how authority ramifies. The 
tree is heavy with nice round berries, each of which bears the 
name of a man or of an office. Every man has a title and 
certain duties which are strictly limited by the circumference 
of his being. 

" If a straw boss wants to say something to the general 
superintendent his message has to go through the sub-

197 



BOOK REVIEWS. 

foreman, the foreman, the department head, and all the 
assistant superintendents before, in the course of time, it 
reaches the general superintendent. It is passed to and fro 
and all responsibility is cloclgecl by individuals-following the 
lazv notion that t\YO heads are better than one." 

It may shock some people to learn that 
" It is not necessary to have meetings to establish good 

feeling between individuals or departments. It is not neces­
sary for people to love each other in order to work together. 
Too much fe\10\vship may indeed be a very bad thing, for it 
may lead to one man trying to cover up the faults of another. 
That is bad for both men.'' 

·Much has been clone in recent years to reduce the number of 
titles in the Civil Sen·ice. It has undoubtedly added to the 
mobility of the staff, and in many ways led to more efficient and 
economical administration. It is, however, doubtful whether the 
advocates of reduction in or out of the Service would be prepared 
to endorse all that :\Ir. Ford has to say on this interesting subject. 

" The effect of a ti1le is very peculiar. It has been used 
too much as a sign of emancipal ion from work. It is almost 
equivalent to a badge bearing the legend: 

" 'This man has nothing to do but regard himself as 
important and all others as inferior.' 

"Not only is a title often injurious to the wearer but it has 
its effect on others as well. There is perhaps no greater 
single source of personal dissatisfaction among men than the 
fact that the title-bearers are not always the real leaders. 
Everybody acknowledges a real leader-a man who is fit to 
plan and command. And when you find a real leader who 
bears a title you will have to enquire of someone else what his 
title is. He doesn't boast about it. 

" Titles in business have been greatly overdone and 
business has suffered. One of the bad features is the division 
of responsibility according to titles, which goes so far as to 
amount to a removal altogether of responsibility. Where 
responsibility is broken up into many small bits and divided 
among many departments, each department under its own 
titular head, who in turn is surrounded by a gang bearing 
their nice sub-titles, it is difficult to find any one who really 
feels responsibility. 

'' A few titles may be legally necessary; a few may be 
useful in directing the public to do business with the concern, 
but for the rest the best rule is simple, ' Get rid of them.' " 

Consolation will be carried to many readers by the following 
paragraph : -

" Every business that is growing is at the same time 
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creating ne1r places for capable men. It cannot help but do 
so. This does not mean that new openings come every day 
and in groups. Not at all. They come only after hard 
·work; it is the fellow who can stand the gaff of routine and 
still keep himself alive and alert who finally gets into clirectioi•. 
It is not sensational brilliance that one seeks in business, but 
sound substantial dependability. Big enterprises of necessity 
move slowly and cautious!;·. The young man with ambition 
ought to take a long look ahead and leave an ample margin 
of time for things to happen." 

The tendency to slacken effort after a time and to rest on one's 
laurels is treated in characteristic fashion, and those who under 
pressure might admit the impeachment wili be interested in :Mr. 
Ford's views. 

'' I noticed a tendency among many men in business to 
feel that their lot was hard-they worked against a day when 
they might retire and live on an income-get out of the strife. 
Life to them was a baHle to be ended as soon as possible. 
That was another point I could not understand for, as I 
reasoned, life is not a battle except with our own tendency to 
sag with the downfall of 'getting settled.' If to petrify is 
success all one has to do is to humour the lazv side of the 
mind; but if to grow is success then we must wake up anew 
e\·ery morning and keep awake all clay. 

" Even the man who feels himself ' settled ' is not settled 
-he is proba\J 1': sagg·i n g back. Ever_vthi ng is in flux and 
was meant to be. Life flows. Y\T e rnav live at the same 
number of the street, but it is neyer the same man who lives 
there. 

" It could almost be written clown as a formula that when 
a man has at last found his method he had better begin a 

most searching examination of himself to see whether some 
part of his brain has not gone lo sleep. 

" The man \Yho is too set to change is dead already. The 
funeral is a mere detail." 

As befits a man whose output of motor cars runs into thousands 
a clay he has some pungent remarks to make regarding the 
purchasing power of the people and the methods of increasing 
the demand for a commodity. 

" If the prices of goods are above the incomes of the 
people then get the prices down to the incomes. 

" Get the costs clown by better management. Get the 
prices clown to the buying pmver. Cutting wages is the 
easiest and rnosl slm·enly way to handle the situation, not to 
speak of its being an inhuman ·way. 

" It is, in effect, throwing upon labour the incompetency 
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of the managers of the business. If we only knew it, every 
depression is a challenge to every manufacturer to put more 
brains into his business--to overcome by management what 
other people try to overcome by wage reduction. To tamper 
with wages before all else is changed is to evade the real issue. 
And if the real issue is tackled first, no reduction of wages 
may be necessary. That has been my experience." 

In several places Mr. Ford shows his disdain for various types 
of records, and it breaks out again in the following reference to 
experiments. 

" The factory keeps no record of experiments. The fore­
man and superintendents remember what has been done. If 
a certain method has formerly been tried and failed somebody 
will remember it--but I am not particularly anxious for the 
man to remember ,,·hat sorneone else has tried to do in the 
past, for then we might quickly accumulate· far too many 
things that could not be done. That is one of the troubles 
with extensive records. If you keep on recording all of your 
failures you will shortly have a list showing that there is 
nothing left for you to try-whereas it by no means follows 
because one man has failed in a certain method that another 
man will not succeed. 

" Then, too, a record of failures-particularly if it is a 
from trying. vVe get some of our best results from letting 
fools rush in where angels fear to tread." 

Space will not permit an expression of opinion on the views 
contained in this remarkable book, but its perusal is well worth 
the time of anyone. There is much no doubt with which the 
reader will disagree, but he will be forced to admit that as far as 
achievement is concerned Nir. Ford has contributed something in 
his clay and generation. 

He has great confidence that the progress of the race is assured 
and that if true service is individually given '' Everything is 
possible. . . . Faith is the substance of things hoped for, the 
evidence of things not seen." 

The book is in the Institution Library. 
A.J.W.D. 

" Der Fernsprechverkehr als Massenerscheinung Mit Starken 
Schwankungen." By Dr. G. Ruckle and Dr.-Ing. F. Lubberger. 

Here at last is a book on telephone traffic, more particularly 
with reference to automatic exchanges. It has long been a matter 
for regret that this subject has received such scant attention in the 
published literature of automatic telephony. It would be possible 
to criticise the present work from the opposite standpoint, for ,  
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while there is great need for a book dealing comprehensively with 
automatic trunking, Dr. Ruckle and Dr. Lubberger have confined 
themselves almost exclusively to the theoretical side of the subject. 
References to checks on theoretical results by actual traffic obser­
vations are meagre and no description is given of the means 
provided for carrying out trunking work in actual exchanges. 
\ Vhile it is perhaps ungracious thus to criticise the scope of the 
work, it is felt that an extension of that scope would have made 
the book useful to a wider circle of readers. 

On the theoretical side of the subject, however, the book is 
admirable. The authors are well known as having made notable 
and original contributions to the subject, but in this work full 
publicity is given to the contributions of other investigators, 
including numerous references to the published works of these 
investigators. It is thus possible from the present volume alone 
to gain a good idea of the present position of this fascinating 
subject. 

After a few introductory pages, the authors develop the funda­
mental equations giving the relation between number of switches 
or circuits occupied and amount of traffic. They then develop the 
idea of lost traffic and proceed to estimate its amount. The 
influence on the fundamental equations of certain magnitudes, 
such as the number of subscribers, is then discussed. In later 
sections the traffic carried by each individual switch in a group, 
the effect of abnormal call durations, and other matters are dealt 
with. 

Final! y, a method of estimating the traffic capacity of gradings 
is developed. It is interesting to note that this method is similar 
to one which was under consideration in this Department some 
years ago and was actually under test at the time when the present 
work was being read for review. 

It is not surprising to find a few misprints in a work of this 
nature. Thus the letters used for distinguishing the various 
curves in Fig. IO do not agree with those in the text. 

The value of the work is materially increased by a good 
bibliography containing 34 references. Half of these are to 
various German publications. The 10 English references are all 
to our own Journal, for the issues of Oct. 1910, April 1915, Jan. 
and Oct. 1918, Oct. 1920, Jan., April and July 1922, Oct. 1923, 
Jan. and April 1924. The remaining references are to American, 
Danish, Dutch, French, and Italian sources. 

Even if it is not possible to agree to all the conclusions of the 
authors there is no doubt that the book goes far to satisfy a need 
which has long been acute. 

G. F. O'DELL. 
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"The History of the Telephone in the United Kingdom." 
By F. G. C. Baldwin. Chapman & Hall, Ltd. £2 2s. od. net. 

Not only the autbor, but the publishers are to be congratulated 
on the production of this book. It contains over 700 pages of 
most absorbing matter together ·with nearly 200 excellent illus­
trations. 

There are many of us in the telephone business in Great Britain 
who are optimistic enough to think that a wave of great develop­
ment is before us, and although the vicissitudes of the past have 
had a seriously retarding effect, we think that they were difficulties 
of policy that have now come to an encl and that in this country, 
as in others, we can now quote as our motto One Policy, One 

Systern, Universal Ser·vice. 
As regards .Mr. Baldwin's book, we think that it would be 

difficult to give a more appropriate review than to quote, in extenso, 

the foreword to the volume which is contributed by Mr. F. Gill, 
Past President of the Institution of Electrical Engineers, and we 
make no apology for doing so. 

Mr. Gill says:--
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" Every telephone man, and many others, will feel an 
immense debt of gratitude to Mr. Baldwin for this fine piece 
of research into the history of the telephone, primarily in this 
country, but with many sidelights on similar history in the 
United States. It must indeed have been no light task which 
he took up, and vvhile it is likely that in such a multitude of 
detail there may well be some errors, yet I believe these are 
few and that a second edition will see them, if they exist, 
eliminated. 

'' The history of the telephone is the history of a very 
important movement; man isolated and by himself is impotent 
and defenceless-in association with others of his kind, on the 
contrary, he is capable of much, and a primary condition for 
this association is communication. First, speech, limited to a 
few yards distance; then writing, which extended the distance 
while imposing a call for learning; then printing, with its 
facility for the increased distribution of communication; later 
telegraphy by visual signals, then the electric telegraph­
virtually writing at a distance; then, from 1876, telephony 
gradually abolished the distance limitation to speech, so that 
now it is technically possible to construct telephone circuits 
over any land distance on the earth, and to operate them 
between centres of population at prices which people are 
willing to pay. Telephony has some of the properties both of 
the letter and of the newspaper; it can be clothed with privacy, 
given to one individual only, or it can be broadcast to millions 
simultaneously. Starting on a strictly local basis it spread 
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until now it covers the whole country, and, extending still 
further, is beginning to develop into a system for intimate 
communication between individuals of different nationalities. 
The end is inevitable. Each system of any credit will have 
good communication between all its stations; there will also 
be good communication between systems-hence any station 
on such system will be able to have speech with any other, 
bearing in mind that probably there will always be some 
stations which are not intended to have a radius of action of 
more than a very limited extent. But a great deal has yet to 
be done before this end is achieved as regards Europe, the 
immediate field. \\Tith so many nationalities responsible for 
the telephone service, the matter is one which has many 
political aspects, and these, if allowed to have undue influence, 
may well jeopardise the efficiency of the communication 
system. The technical men have been ready since the 
termination of the war; it remains for the business men to 
arrange an efficient organisation. vVhen that has been 
effected there can be quick, reliable service given between all 
the centres of population in Europe desiring it. In the 
absence of an efficient organisation, a lame, inefficient, second­
rate kind of service is all that can be expected; one in which 
the transmission is poor, the delays in completing connections 
are very long and many calls cancelled because of the delays; 
these are all marks of lack of grip in the International service; 
the price is a secondary matter, the really important things are 
accuracy, speed and quality. Upon how this organisation is 
worked out will depend the verdict upon the labours of the 
Consultative Committee for International Telephony Ill 

Europe. 
" But comparative telephone history has another aspect 

which is of interest and indeed of importance. It was a 
pioneer industry when it started; no one then knew if it would 
succeed. VI ould the public take to it? Would they con­
tinue to use it? vVhat would be the cost of running it? All 
these questions and many more were at that time unanswered, 
and the inen who risked their money and time in starting this 
pioneer business which was to prove of such immense value to 
mankind, had as backing, only that which they received from 
their faith ; they got none from their country. Readers of 
this book will learn something, but not all, of the difficult and 
harassing conditions under which these pioneers worked, and 
will realise something of the reason for the backwardness of 
this country in the use of telephone service. 

" Some
-

of the history of the telephone in the United 
Kingdom for the period 1904-1912 has not yet been written, 
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perhaps never ·will be; but it is no reflection upon Mr. 
Baldwin's book that there should be certain gaps in the history 
he narrates ; these matters were known to few, and death has 
removed a number of those intimately concerned. 

" There is much in this book of great interest, but I think 
it has, to the student of social history, a value possibly even 
greater than to the student of telephony.'' 

B.O.i\. 

" Principles of Transmission m Telephony." By M. P. 
\Veinbach, A.B., B.S. in E.E., A.NL Pp. xiv. x 303. The 
Macmillan Co. Price 17s. net. 

This book is designed as a text-book for students of electrical 
engineering. It gives a thorough and straightforward develop­
ment of the theory of telephonic transmission. 

The first three chapters give an introduction to the subject and 
an outline of the mathematical methods employed, including 
representation of harmonic functions, Fourier analysis, vector 
operations and hyperbolic functions. 

ln Chapter 4 are developed the general equations of electric 
wave propagation along lines. Data are given for a number of 
types of telephonic circuits and the method of calculating the 
transmission constants is illustrated in the case of a No. 10 B. & S. 
aerial line. In this example and throughout the book it is assumed 
that a voltage of 50 at a frequency of 796 cycles per sec. is applied 
to the line. Voltages such as this do not occur in practice, 
especially when applied to a line containing amplifiers, as is 
assumed later on in the book. It would be preferable to take a 
more usual value, such as 2 volts, in order to avoid misleading 
readers who are not familiar with practical telephone work. 

Chapters 5, 6, 7 and 8 deal with the application of the theory 
to special cases, viz., infinitely long circuits and circuits with the 
distant end open, short-circuited or closed by an impedance. 
Chapter 6 deals with the " Ferranti " effect, which is of especial 
interest in connection with power lines. 

chapter 9 deals with power transfer and reflection phenomena. 
In this chapter the mechanism of the transfer of energy between 
electric and magnetic forms is discussed. Perhaps the statement 

on p. 102, that the velocity of propagation JZb is equal to 

that of light, should be limited to the case of unloaded aerial lines. 
It does not even approximately apply to cable circuits. 

Chapter 10 deals with power relations in lines. Such problems 
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as the question of the most suitable impedance for receiving instru­
ments are dealt with. 

Chapter l 1 deals fully with the equivalent circuit, i.e., the 
representation of actual circuits by means of comparatively simple 
impedance networks. 

Chapter 12 deals with distortion of telephonic speech due to the 
variations of line impedance, attenuation and velocity of propaga­
tion with frequency. The conditions for distortionless transmis­
sion are obtained. This leads up to Chapter 13, which deals with 
loaded circuits. The effects of lumping the load is considered and 
a number of examples are worked out. 

Chapters 14 and I 5 deal with amplifiers and their application 
to lines. This is now a wide subject and only an outline of it can 
be given in the space available. The particulars given of the 
" standard amplifying tube" do not compare favourably with the 
British P .0. valve used on telephone repeaters. 

Chapter 16 deals with the impedance of lines and its measure­
ment. The effect of irregularities upon the smoothness of the 
impedance-frequency curve is discussed. The use of balancing 
net works is mentioned, but no details of the method of design are 
given. 

Chapter 17 deals with transmission equivalents, including the 
standard cable and the '' TU.'' The methods of making trans­
mission measurements with the voice and with transmission 
measuring sets is described. The method of making speech tests 
described on p. 275 would, it is thought, give very unreliable 
results. 

The book terminates with a short bibliography. 
N oticeabte omissions from the book are the subjects of transient 

phenomena and harmonic filters, both of which are of practical 
importance in modern telephony. 

The great merit of the book is the clear and logical manner in 
which the theory is worked out from fundamental principles. The 
printing and diagrams are excellent. The book can be strongly 
recommended both to students and to electrical engineers. 
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STAFF CHANGES. 

STAFF CHANGES. 

POST OFFICE ENGINEERING DEPARTMENT. 

Name. 

Wilson, R. 

Brocklesby, C. 

De Wanlt, R. G. 

Glover, J. B . ... 

Bufton, C. W. M. 

Davis, I-1. 

Flanagan, F. 

Cox, vV. s. 

Hamilton, W. D. 

Blake, Capt. E. C. 

Hehden, E. D. 

C:ory, B. G. 

Evans, G. T. 

Kennard, T. G. 

Irwin, A 

Molle1·, P. D. 

Towers, R. 

Gusterson, H. N. 

Willmot, A. S. 

Blackstaffe, H. P. 

Lucena, H. J .... 

Hassall, W. H. 

Stockton, A. .. . 

Kendall, C. A, 

Harman, W. J. 

Inscoe, E. S. 

vVorclley, C. H. 

Sursham, H. D. 

2o6 

PROMOTIONS. 

I 
Grade. j 

--- ------ 1 
, E>.< cutive I.:ngineer, 

E.-in-C. Office. I 

.. ,I Assistant Engineer, 
N. Wales District. 

... I 
Assistdnt Engineer, 

'(Tempy. 0 /C. Oxford 
i Wireless Station). ... 
I 

Assistant Engine�r, 
N. West District. 

. Chief Inspector, 
S. East District. 
Chief Inspector, 
'I esting Branch. 
Chief Inspector. 

N. 'Nales District. 
Chief Inspector, 

N. Mid. District. 
Chid Inspector, 
E -in -C. Office. 
Chid Inspector, 
T('sting Branch. 
Chief Inspector, 
E.-in-C. Office. 
Chief Inspector, 

'.VI et. Power District 
lnsp-=ctor, 

E.-in-C. Office. 
Inspector, 

E.-in-C. Office. 
l1;spector, 

E.-in-C. Office. 
Draughtsman. Cl. I., 

E.-in-C Office. 
Draught8man, Cl. I I. 

S Lanes. District. 
Draughtsman, Cl. I., 

E.-in-C. Office. 
Draughtsman, Cl. I. 

E.-i'1-C. Office. 
Draughtsman, Cl. I. 

E.-in-C. Office. 
S.W.r. 

S.W.r. 

S.W.r. 

S.W.r. 

S.W.r. 

S.W.r. 

S.W.r. 

S.W.r. 

Promoted to 

Asst. Superintending 
Engineer, 

London District . 
Executive Engineer, 
S. Lanes District . 

Executive Engineer, 
In Charge Oxford 

Wireless Station . 
Executive Engineer, 
Scot. East District. 

Asst. Engineer, 
S. West District. 
Asst. Engineer, 
E.-in-C. Office. 
Asst. Engineer, 

N. Wales District. 
Asst. Engineer, 

N. Mid. District. 
Asst. Engineer, 
E.-in-C. Office. 
Asst. Engineer, 
E.-in-C. Office. 
Asst. Engineer, 
E.-in-C. Office. 
Asst. Engineer, 

S. Wales District. 
Asst. Engineer, 
E.-in-C. Office. 
Chief Inspector, 
E.-in-C. Office. 
Chief Inspector, 
E.-in-C. Office. 
Chief Inspector, 
E.-in-C. Office. 
Chief Inspector, 
E.-in-C. Office. 

Senior Draughtsman, 
E.-in-C. Office. 

Senior Draughtsman, 
E.-in-C. Office. 

Senior Draughtsman, 
E.-in-C. Office. 

Inspector, 
N. \Vales District. 

Inspector, 
N. Wales District. 

Inspector, 
N. Wales District. 

Inspector, 
N. Wales District. 

Inspector, 
N. Wales District. 

Inspector, 
N. Wales District. 

Inspector, 
N. Wales District. 

Inspector, 
.East District. 

Date. 

17-5-25 

31-5-25 

1-5-25 

19-4-25 

To be 
fixed later. 

7-5-25 

To be 
fixed later. 

29-1-25 

29-1-25 

29-1-25 

To be 
fixed later. 

11-9-24 

I 1-9-24 

5-1-25 

25-8-24 

5-I-2 5 

5-3-23 

25-8-24 

5-1-25 

25-8-24 

6-11-23 



STAFF CHANGES. 

PROMOTIONS-COntinued. 

NamP, 1---�-���--- ! 
Promoted to. Date. 

Tansley, I.. w S.W.1. Inspector, 13-6-24 
East District. 

Castle, H. v. ... S.W.1. Inspector, 5-1-25 
East District. 

llett, J. E. w. S.vV.r. Inspector, 5-1-25 
East District. 

Batch, G. B. S.W.1. Inspector, 16-2-25 

... 1 East District. 
Jones, c. J. S.W .1. Inspector, 6-2-25 

... 
I 

East District. 
Guest. F. S.W.1. Inspector, 4-2-25 

East District. 
Smithson, w. ... 

I 
S.W.r. Inspector, 28-12-24 

N.E. District. 
Sha,v, J. w. .. S.W.1. Inspector, 14-12-24 

I N.E. District. 
I 

S.W.r. Inspector, Vear, F. ... I 15-3-25 
N.E. District. 

1{ershaw, s. S.W.r. Inspector, l-ro-24 
N.E. District. 

Robinson, P. S.vV. r. Inspector, 4-3-2;; 
N.E. District. 

Keighley, A. S.W.r. Inspector, 4-3-25 
N.E. District. 

Greene, A. H .... ••• 1 S.V,!. r. Inspector, 3-3-25 
N.E. District. 

i�ivingstone, J. S.vV.r. Inspector, 21-12-24 
Scot. w . District. 

Wells, R. ... S.\V. r. Inspector, 21-12-24 
Scot. w. District. 

Bro\vn. A. ... S.\V.r Inspector, 22-12-24 
Scot. w. District. 

Suthcrhnrl , A. · · · I S.W.r. Inspector, 15-9-24 

· · · I Scot. w. District. 
Gayr,s, W. E . ... S.W.r. Inspector, 8-10-23 

Met. Power District. 

Sturgess , H. E. S.\:\' I Inspector, 7-2-25 
E.-in-C. Office. 

Hodge, G. w ... S.W.2. Inspector, 7-2-25 
E .-in-C. Office. 

South. w. B. ... In�pector, Inspector, 
N.Wa. Dist., resumed 

9-3-25 

from Nigeria. 
Lnidler, w. S.W.2 Inspector, 5-1-25 

Northern District. 
\Vorthington, C. E. S.W.2. Inspector, 5-1-25 

Northern District. 
Smith, J. S.W.2. Inspector, 5-1-25 

Northern District. 
Dean, w. J. S.\V. r. Inspector, 25-2-25 

N. Mid. District. 
Wilcock, J. S.W.r. Inspector, 5-1-25 

N. West District. 
Minshall, r; w. S.V\'. r. Inspector, 29-3-25 

N. West District. 
Leyland, T. S.W.r. Inspector, 29-3-25 

N. West District. 
Baldwin, F. S.\V.1. Inspector, 5-1-25 

N. West District. 
Wiper, H. S. .. . S.\'\7. T. Inspector, 25-2-25 

N. West District. 
l\1:egson , F. w S W.r. Inspector, 5-1-25 

N. V.Test District. 
Thompson, \V. I-I. s .... S.\V.1 Inspector, 7-4-25 

London District. 
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PROMOTIONS-continued. 

Na1ne. Grade. Promoted to. 
-

- 1 
Date. 

---- -----

Harris, w. J .... s.w. I. Inspector, 5-1-25 
s. Wales District. 

Plummer, E. s S.W.r. Inspector, 5-1-25 
S. West District. 

Seward, vV. J. S.W.r. Inspector, 5-1-25 
S. 'West District. 

Roach. H. c. . . . s.w. I. Inspector, 5-1-25 
S. West District. 

Brown, R. c. c. S.W.2. Inspector, 5-r-25 
S. vVest District. 

Pilsbury, J. H. S.W.r. Inspector, 5-1-25 
s. Lanes. District. 

Payne, c. F. S.W.r. Inspector, 5-1-25 
s. Lanes . District. 

Moon, F. H. S.W.r. Inspector, 5-1-25 
s. Lanes. District. 

Vv nrbu rton, T. E. S.W.r. Inspector, 14-12-24 
s. Lanes. District. 

Lundv, E. H. S.W. r . Inspector, q-12-24 
s. I .. ancs. District. 

Rowland. V•.'. S.W.1. Inspector, 5-1-25 
s. L,-incs. District. 

Harri,on T 
S.W.1. Inspector, J .  5-1-2 5 

s. Lctncs. District. 
Jones, w. S.W.1. Inspector, 2:=;-S-24 

s. I .. nncs. District. 
Tnnsley. w S.W.1. Inspector, 2.�·8-24 

s. Lanes. District. 
;:leary, H. S.W.r. Inspector, [-1-25 

s. Lanes. District. 
Hibbert. r . Sr. S.W.r. Inspector, 25-8-24 

s. Lanes. District. 
Lythoge, w. J. S.W.r. Inspector, 2:=;-8-24 

s. Lanes. District. 
Hannah, W. w. S.W.1. Inspector, 7-12-24 

s. Lanes. District. 
Davies, R. c. S.W.r. Inspector, 7-12-24 

s. Lanes. District. 
Phipps, A. S.W.r. Inspector, 5-1-25 

S. Mid. District. 
Stephens, H. N. S.W.r. Inspector, 5-1-25 

S. Mid. District. 
Naylor, w T-l. G. S.W.r. Inspector, 5-1-25 

S. Mid. District. 
Gibbs, F. J. S.W.r. Inspector, 5-1-25 

S. Mid. District. 
nrnwn. E. D S.W.T. Inspector, 5-1-25 

S. Mid. District. 
Torn kin::., G. E. S.W.r. Inspector, 1-4-25 

S. Wales District. 
l\fnnn, F. S.W.1. Inspector, 18-3-25 

East District. 
Owen, J. "1'�A. Probationary Inspector, 1-4-25 

Insnector. E.-in-C. OfficE>. 
Wvlie, T. 0. K. Probntionarv Inspector, 1-4-25 

I nsoector. E.-in-C. Office. 
King, A. G. Probntionary Inspector, 1-4-25 

Inspector. E.-in-C. Office. 
Smith, H. s. Prob'1tionary Inspector, 1-4-25 

Inspector. E.-in-C. Office. 
p,rnl. F M Probationary Inspector, 1-4-25 

Inspector. E.-in-C. Office. 
Rogers, H. Probationary Inspector, l-�-25 

Inspector. E.-in-C. Office. 
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PROMOTIONs.-continued. 

... I-
· Grade Promoted to . Date. Name. 

l.imb, F. Probationary Inspector, 1-4-25 

! Inspector. E.-in-C. Office. 

Smith. s. _r. ···1 Probationary Inspector, 1-4-25 
Inspector. E.-in-C. Office. 

\Vilscm, G. ••I i Probationary Inspector, 1-4-25 
Inspector. s. Wales District. 

:\1cKie, A. N. •• ,1 Telegraphist. Repeater Officer 1- 1-25 
Cl. II., s.w. Dist. 

Bulman, G. R. Trelegraphist. Repeater Officer 1-1-25 
Cl. II., s.w. Dist 

Appointed to 
Wright, J. s. Probationary 

Inspector. 
Testing Brnnch. 26-4-25 

Spears, G. Probationary E.-in-C. Office. 26-4-25 
Inspector. 

Casterton, E. J. Probationary E.-in-C. Office. 26-4-25 
Inspector. 

Chapman, F. B. Probationary E.-in-C. Office. 4-5-25 

I 
Inspector. 

McMill:rn, D. ... Probationary Testing Branch. 7-5-25 

··· I Inspector. 
\Vdght, c. J-I. Probationary London District. 1-5-25 

Inspector. 
Stretch , w. Probationary E.-in-C. OFficc. 1-5-2 5 

Inspector. 
Sephton, N. F. Probationary E.-in-C. Office. 1-5-25 

I Inspect9r . 
To cl cl, A. K. . .. ••• I Probationary N.E. District. 1-5-25 

Inspector. 
Din ck, \V. H .. . .  Probationary E.-in-C. OFfice. 10-5-25 

Inspector. 
Dudley, .I. c. Probationary Testing Brnnch. I 1-5-25 

Inspector. 
MiJlcr, c;. s. Probationary Testing Brnnch. 10-5-25 

Inspector. 
Gill, F. w. ··· I Probationary Testing Branch. 12-5-25 

I Inspector. 
Riley, c. ··· 1 Probationary Testing Brnnch. 12-5-25 

Inspector. 
Creighton, J. L. Probationary Testing Branch. 15-5-2.5 

G. F. 
Inspector. 

Testing Branch. Folkard, Probationary 18-5-25 

D. J. 
Inspector. 

Testing Hedley, Probationary Branch, 18-5-25 
Inspector. 

Affleck, D. B. Probationary E.-in-C. Office. 20-5-25 

I-I. v. 
Inspector. 

Clark, Probationary E.-in-C. Office. 23-5-25 

H. 
Inspector. 

Stanesby, Probationary E.-in-C. Office. 24-5-25 
Inspector. 

Ching, E. A. Probationary Testing Br:1nch, 25-5-25 
Inspector. Provs. 

Chapman, R. H. Probationary Testing Branch, 25-5-25 
Inspector. Provs. 

Thorn, D. A. Probationary Testing Branch, 25-_:;-25 
Inspector. Provs. 

Knee, H. Probationary TPsting Branch, 27-5-25 
Inspector. Provs. 

Duff, J. Probationary E. -in-C. Office. 2-6-25 
Inspector. 
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APPOINTMENTS. 

Name. Grade. Appointed. Date. 
·
-

---·---·--
-

__ , ______ _ 
Millard, C. \V. 

Tolley, L. T •. . . •  
Mumford, A. H. 
Epps, H. F. 
Carter, F. C . . . .  
Ashdown, '.-1. A. 
Smith, W. F . . . .  
Parsens, R.  A.  E. 
GraciE', A. ! . A. 

Probationary 
Assistant Engineers. 

TRANSFERS . 

Assistant Engineers. 

Date. I 
Transferred, I 

Name Grade. ----- · 1 --- · ---- ________ 1 ___ Froll1 ____ j __ ___"I�o-._- l----

Fleetwood, H. O . . . .  Asst. Engineer. l S. ·waks Di st. Met. Po\\·cr 
' 

Smith, W. F. 
Halton, E. 
West, A. S. 

···[ 

Asst. Engineer. 
J\sst. Engineer. 

T nspector. 

E. -in-C. Office. 
N. W'1les Dist. 
Oxforcl Radio. 

RETIREMENTS. 

District. 
Oxford W . S. 

N. West Dist. 
E. -in-C. Office. 

3-5-25 

I-4-25 
I-6-2 <; 

16-4-25 

Name 

Stanhop0, J. H. 
Jeffreyes, G. C. 
Roberts, A. H. 
Blomley, C. 
James, J. 

Grade. 

Asst. Suptg. Engr. 
Executive Engineer. 
Execulive Engineer. 
Assistant Engineer. 
Assistant Engineer. 
Assistant Engineer. 

District. 

London. 1-���2�-

Day, T. F. 
McCloskey, A. E. 
Pendreigh, W. 

Name. 

Rev:1fr, J. 1-l ... 

Name. 

Barnard, W. T. 
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Chief Inspector. 
Inspector. 

Scotland East. 
E.-in-C. Office. 

North Midland. 
South Wales. 

E.-in-C. Office. 
London. 
London. 

RESIGNATIONS. 

Grade. 

Probationary 
Assistant Engineer. 

DEATHS. 

Office. 

E. -in-C. Office. 

' 
Grade. 

Inspector. 

1 District. --1----

1 
London. 

1-5-25 
31-3-25 
30-4-25 
25-5-25 
I r-4-25 
16-5-25 

9-5-25 

Date. 

30-6-25 

J)ate. 



Name. 

Srotch. A. 

Name 

Mc Hugh, C. J. .. 
Thomson, J. A. McA. 
C�arke, C. E. 
vVatts, A. W. 
Granville, H. G. 
Hannaford, E. J. G. 
[{c.pewell, J. W. 
Davies, \\". M. 
Bali<ird, W S. 

Xamr. 

----- -------- -, 

STArF CHANC;Es. 

CLERICAL ESTABLISHMENT. 

PROMOTION. 

Grade· Promoted to 

Executive Officer, 
E.-in-C. Office. 

!-Iigher Exec. Officer, 
·E.-in-C. Oi1lcc. 

APPOINTMENTS AS CLERICAL OFFICER. 

···1 

... I 
···I 

H,auk. 

Distril't, 

S. Lanes. 
E.-in-C.O. 
E.-in .. c.o. 

London 
E.-in-C.O. 
F.-in-C.O. 

N. Midland 
S. Lanes. 
E. -in-C.O. 

'fRANSFERS. 

li'ro111. 
Tt·ansft·ITerl. 

To, 

Date·. 

1-3-25 
29-3-25 
29 3-2 5 

2-4-·25 
19-4-25 
19-4-2 5 
26-4-25 

1-5-25 
3-5-25 

Eaton, J. C. ... 1 Higher Clerical 
Officer. 

Eastern Disl. S. Mid. Dist. 

Cunliffe, L. 

Nobles, E. 

Seward, V. J. . ·1 

Bailey, R. H. 

Giles, C. R. 
Keclzlie, J. A. 
Blake, J. S. 
1-Iawtin, W. J. 
Tarrant, J. A. 
Randall, F. W. 
.T essop, R. H. 

B 
.... 
i 

Holt, H. V. 
Ough, C. 
1VIclntyre, G. J. 

:::1 

:::I 

Crompton, C. H .... 

Harrison, E. 
Lubertz, C. 

Ckrical Officer. Ministry of 
Pensions. 

N. i'l'lid. Dist. 

Surveyor,s 
Office, 

N. vVales Di,t. 
Ministry of 

Pensions. 

" 

Savings Bm1k 
Department. 

N. Wales Dist. 
Air Ministry. 

Scot. West 
District. 

Ministry of 
Pensions. 

London Dist. 
E.-in-C. Offi.ce. 

S. Lanes. Dist. 

Rugby Radio 
Station. 

S. East Dist . 

S. Wales Dist. 

, , 
S. "\Vest Dist. 

E.-in-C. Office . 

S. East Dist. 
S. West Dist. 

Nat. Insurance 
Audit Dept. 

S. Lanes. Dist. 

N. Mid. Dist. 
L.P.S. 

Date. 

Dat.e. 

12-1-25 

l 1-3-25 

15-3-25 
15-3-25 
26-3-25 
26-3-25 
26-3-2.0 
26-3-2.0 

5-4-25 
5-4-25 
1-5-2 s 

1-5-25 

3-5-25 
24-5-25 
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Narne. 

J lolrnan, .\. R. 
S"·eency, P. 
Keane, V\l. 
Terry, R. V. I-I. 

STAFF CHANGES. 

OTHER CHANGES. 

I !lank. 

1-
- -

J-liglwr Clerical 
1 

Officer. 
Cl<'rical Asst. 

Clerical Officer. 

S. West. 

S. Mid. 
S. Lanes. 
London. 

l�.-in-C. Office. 

Cause, 
'-·------

! 
1 Superannuation 

,, 
l)eccase. 

1 . \ ppoi n led A"t. 
Surveyor, Posts 

! & Tghs. Nigeria 

BOARD OF EDITORS. 

J. \V. ATKJ°"soN, M.I.E.E., Chairman. 

Un le. 

19-5-25 
20-.�-2;; 
17-5-25 

z9-4-z5 

I•:. I I. S11.wc11KESSY, 0. ll. E., M. I. E. E., M. l.R.E. 
Li«ut.-Col. 1\. C. Tioorn, l'vI.I.E.E. 

B. (1. ;\:-;snN, �l.1.E.E. 
E. I-I. l\I. Si .\TTERY. 

\\'. C1w1cKs11.\'.'K, \l.l.EY., \Lu1<1gi11f! Editor. 
I-!. F.\ULENE1', B.Sc., .\.\l.1.E.E., .-\s,;istanl Editor. 

COMMUNICATIONS. 

All Remittances and Communications should be addressed to the MANAGING 
EvnoR, P.O.E.E. JOURNAL, Engineer-in-Chief's Office, G.P.O. West, London, E.C.1. 

Binding covers a11d copies of the Contents for Vol. 3 to 17 are available, and 
may be obtained from the local agents for 1s. 6d. and 3d. respecti\'ely. Subscribus 
can ha\·c their copies of Vol. 17 bound, with i11clex included, at a cost of 3s. by sending 
the JOURNALS to the local agents. Orders should indicate whether the original 
binding with black lettering, 01· the 1"ter pattern in golu, is required. 

The price of the JOURNAL is zs. (zs. 3d. post free) per copy, or 9s. per annum, 
post free. The price to P.O. subscdber·s is rs. 6d. per number. All back numbrrs 
2s. each. 

THE INSTITUTION OF P.O. ELECTRICAL ENGINEERS. 

()ffi.cers or Coloni;il ;llld Foreign T(•l('grapl1 .\d111i11i:-.tr;:tl iun:-; \Yho �trt· cng:tg('d 
in Ekc-tdcal E11gine<\ring \\'ork_..; 111ay he acln1ittrd ;1:-; Cnlon i;:d <ttH\ For(-'ign Corres­
ponding ?vie111hers lTspeL'ti,-eJy, afb•r app1ication. 

Subscription payable annually in advance on 1st April in each year: 
Colonial Members 
Foreign 

£1 0 0 
£1 10 0 

These sums include Annual Subscription to the Journal of P.O. Electrical 
Engineers and the supply of <ill Professional Papers issued during the period 
covered by subscription. 

Forms of application for Colonial and Foreign Membership can be obtained 
on application to 
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The Secretary, 
Institution of P.O. E. Engineers, 

Room 50A, 
G.P.O. West, E.C.r. 



....... F y 
DRY CORE CABLES 

T
HE concentrated experience of 

scores of capable men-chemists, 
physicists and cable makers-is 

applied to every length of Henley 
Telegraph and Telephone Cable, in a 
way which ensures satisfactory work­
ing in all conditions. 

WE DR.AW High Conductivity Elec­
trolytic Copper Wire in all sizes, and 
can quote favourable terms. 

W. T. HENLEY'S TELEGRAPH WORKS 

Holborn Viaduct, LONDON, E.C.l. 

C"o., 
Ltd., 

Manufacturers of Electrical Ca'Jles since the beginning of Electrical Transmission 
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giving increased rigidity and compactness, and ease of 
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changeable with those of earlier design. 

CREED & 
Telegraph 

CROYDON, 
Telephone: 

CROYDON 2120. 

Co., LTD., 
Works, 

SURREY. 
Telegrams t 

CREDO, CROYDON. 



XVI. 

:!.11111111111111111111111111111111111111111111111111 

- Low Loss 
-

Multi way 
_ Voltmeter'&> Ammeter 

Switch. 

= 

= 

-
= 

= 

= 

= 

= 

= 

Damp '&> Dust Proof. 

Contacts Totally 

Enclosed. (Indicator removed.) 

The POWER EQUIPMENT Co., Ltd., 
KINGSBURY WORKS. 

THE HYDE, HENDON, 
Telegrams: LONDON N W 9 Telephone: 

POWQUIP, HYDE, · ' ' ' ' KINGSBURY 

LONDON. 196 - 197 

SWITCHBOARD & SWITCHGEAR 

SPECIALISTS. 

Low Load 

Circuit Breaker. 

= 

= 

= 

-

Suitable for -
= 

Battery Charging and 

Similar Purposes. 
= 

1111111111111111 111111111111111111111111111111111111111111111111111 trW 



xvi i. 

GRAPH SERIES. 

By EDWARD RAYMOND-BARKER. M.l.E.E. 

Handbook in Cable-Break Localisation 
Graphic Methods. The Calculator Board in Practice. 

Demy Svo, 66 pages. 38 Illustrations. 
Paper covers, ls. 6d.: post free, ls. Sd. Cloth covers, 2s, 6d,; post free, 2s, Sd. 

Cable-Fault 
ALSO 

Localisation 
Practice. 

Graphs ID 

Demy Svo, 68 pages. 24 Illustrations. 
Papers covers, ls, 6d. ; post free, 1 s, Sd.: Cloth covers, 2s. 6d, : post free, 2s. Sd, 

ALSO 

Graphs in a Cable-Ship Drum-Room: 
NOTES FOR JUNIOR ASSIST ANTS. 

Limp Cloth, cut flush. 48 pages. 25 Illustrations, including 10 Photo-engravings. 
4 Tables. Super Royal Svo. 

Price ls. 6d. net. Post Free ls. 8d. 

The ELECTRICAL REVIEW. Ltd., 
4, Ludgate Hill, London, E,C. 4. 

TECHNICAL BOOKS. 
Have been our speciality for over THIRTY YEARS. Post us 

your orders. We send them all over the World. 

TELEPHONE TROUBLES AND HOW TO FIND THEM. On both the 
magneto and C.B. systems. Thousands of copies in use all over the world. J9rh edition. 
rnd. p ost. free. 

THE WESTERN ELECTRIC AUTOMATIC TELEPHONE SYSTEM. 
By Anson. Should br studied by all telephone engineers. Cr. 8vo, 1s. 2d,  post free. 

WHERE TO SEEK FOR SCIENTIFIG FACTS. By ALEC. B. EASON, M.A., 
A.M.I.C.E., A.:M.I.E.1�. A va.lnable work of rnferencc. IS. 2d. post free. 

QUESTIONS AND SOLUTIONS IN TELEGRAPHY AND TELEPHONY 
FINAL EXAMINATIONS. By FEW. Set by the C. & G. Inst. in the 

Final Exams in T. and T. for the ten vears 1906·-1915, with fnll solutions to the last papers. 
Or. Svo., illustrated. 

• 

2s. 3d. post free 

THE HUGHES AND BAUDOT TELEGRAPHS. By ARTHUR CROTCH. 
Invn.luable to students: as a knowledge of both systems is now demanded by the examiners. 

2s. 9d. post free. 

QUESTIONS AND SOLUTIONS IN MAGNETISM AND ELECTRICITY. By 
W. J, WHITE. Contains solutions to all questions in M. anrl E. (Gradel.), set by the Bcard 
of Educ. and the C. and G. Inst .. , for 19Ui-1921. Fully illnst.rated. New and enlari:red 
· dition. Cl., 8vo. 2s. 9d. po free. I 

THE TELEGRAPHISTS' GUIDE. By BELL & WILSON. The standard 

I 
for Grade I. The new (8th) erlition has been revise(! and brought np to <�ate by a well4known 
C.'r.o. teacher of high standing, ancl is recommended by all the electrical journals. 20th 
thonsan.:l. Cr. 8vo., profusely Hlust.rated. 4s, post free. 

TELEPHONE ERECTION AND MAINTENANCE. A handbook for the con. 
tractor anrl wireman. By H. G. WHITE. Official1y recommeonde<l by the C. and G. examiners. 
Cloth, 8vo. 3s. 10d. post free. 

S. RENTELL & Co., Ltd., 36, Maiden Lane, London, W.C.2. 
Write fot' Catalogue No. 3.A. 



xvi ii. 

POST 

THE 

OFFICE 

INSTITUTION 

ELECTRICAL 

OF 

ENGINEERS. 

PRINTED PAPERS. 

The following l'"P<'l0', cnnt1·ibutcd to the proceeding> or the ln>titution, hn\'P lwf'll 
printed hy authority or the Cm1ncil <tnd may bC' obtained from 

'./o. 

:\a. 

No. 

:\'o. 

No. 

No. 

"The LIBRARIAN, 
The Institution of Post Office Electrical Engineers, 

G,P.O. WEST, LONDON, E.C." 

s I. 

52. 

53· t 

. )4· t 

37· 

59· 

" OVER HE.\[) W I RE COl\STRl:cnoN FOR i\!EDIUM AND 
LO\\" PRESSURES."-.\. P. TROTTER 6cl. 

" PROCEDl:Rr-: .\T STONE-THI�OWING PROSECUTIONS IN 
POLICE COURTS l"i ENGL.\ND A'ID vVALES."-W. H. 
PowNING 3cl. 

"ALTERN•\TI'\(; Cl:RRENT MEASUREN!ENTS."-C11ARLES E. 
HAY 9d . 

"THE LO.\DJC<C; OF .\fcRL\L Ll:\ES .\'ID THEIR ELECTRICAL 

CO'\ST.\NTS. "-J. G. Hn.L IS. 
" ·pR_Iy .\TE HR.\'\CH l·:XCH1\'\(;FS. "--D. H. Km<NEDY and J. W. 

[ C:RNER .. . gel. 
"THE HISTORlC\L B.\S!S OF 'vlODERN PRINTING TELE-

GR:\PHY. "-H. l-1. HARRISON ... 9cl. 
No. 61. "WIRELESS CALL DEVICES. "-L. B. TURNER 6cl. 
No. 64. " AN ADDRESS ON ' TELEPHONES.' "-Sm WILLIAM SLINGO 6cl. 
No. 65. " BUILD!NC; 1\L\TERI\LS: PROPERTIES, MANUFACTURE, 

AND USE OF. "-L. TANNER... 6cl. 
No. 67. " MULTIPLE \VAY Dl'CT \VORK. "-D. C. SAVORY ... 6d. 
No. 70.t "TELEPHONO'VIETRY."-B. S. CmmN, A.M.I.E.E. 6d. 
No. 72. "THE WESTERN ELECTRIC COMPANY'S AUTOMATIC TELE-

PHONE SYSTEl\l. "--B. o. ANSON IS. 
No. 74. " THE ELECTRICAL PHYSICS OF THE ATMOSPHERE. "-J. E. 

TAYLOR, l\!.I.E.E. ... 9d 
No. 75.1· " TELEPHONE REPE.\TERS. "-:\. B. HART ... 9d. 
No. 79. " RECENT DEVELOP!VIENTS IN UNDERGROUND CONSTRUC-

TION. "-A. 0. GmBOK . .. ... 9d. 
No. So. " SOME NOTES .\ND VIEWS UPON TELEPHONE FITTING 

WORK. "--A. c. GREENING, A.M.I.E.E. IS. 
No. 81. " TELEGRAPH AND TELEPHONE ENGINEERING IN THE 

UNITED STATES."--Sm W1u1AM NouLE, lV!.I.E.E. ... I/6 
No. 82. "SECONDARY CELLS. ''-R. G. DE WARDT, A.M.I.E.E. ... Is. 
No. 83.t " FOUR-\VIRE TELEPHONIC REPEATER SYSTEMS." - C. 

ROl3INSON, B.A., A.M.I.E.E., and R. M. CHAMNEY, B.Sc., 
Assoc.M.Inst.C.E. 9d. 

No. 84. "THE RELAY SYSTE:\f OF AUTOMATIC SWITCHING."-H. W. 

DrPPLE, . .\.1\1.l.E.E. 1f3 
No. 85.t "THE INFLUENCE OF TRAFFIC ON AUTOi\1ATIC EXCHANGE 

DESIGN."-G. F. O'DELL, B.Sc., A.KC., M.l.E.E. ... . .. 1/6 
No. 86. " SOME EXPERIMENTS ON CARRIER CURRENT TELE­

PHONY. "-C. A. TAYLOR, B.Sc., and R. BRADFIELD, B.A., 
Assoc.M.Inst.C.E. .. . 6d. 

No. 87. "CONCRETE WORK AND REINFORCEi\IENT. "-B. J. BEASLEY 6d. 
No. 80. t "CORROSION OF LEAD COVERED CABLES BY ELECTRO-

LYTIC ,\CTION."--S. C. R\RTIIOL01IEW, M.I.E.E. Ii:\ 
No. 00. + " :\UTO'\lATIC TELEPHONY IN i\H'LTI-OFFICE AREAS."-

G. F. O'DELL. B.Sc., A.K.C. 1�. 
,\lo. q1. "THE CENHL\LISATION OF CORD REPAIRS." -- G. F 

BELLWOOD, .\, M.1.E.E . ... gel. 
No. q2. " TELEPHONE i\IETERS AND COIN COLLECTING BOXES." 

-\V. CR[lTcKstHNK .111c1 F. McCuRENCE 1s 

-!- The \ou11cil hm«· '"''ct1·dr·cl Institution 1\Tecla1s for these papers. 



XIX 

PEEL- CONNER 
"' LONO- LIFE'' 

CORDS 

The economics of the telephone cord, whether for the 
subscriber's set or the switchboard, provide a useful field for 
study by the telephone maintenance engineer. 

There is much more in the subject than at first sight appears. 
When tendered prices are under consideration prior to an order 
being placed a leaning towards the lowest price must very 
generally be felt. There comes into play, however, the main­
tenance cost, often considerable, of sending a mechanic to replace 
or repair a worn-out cord, and also the great damage to the 
reputation of the service resulting from the trials of the subscriber 
in the period during which the cord by " scraping " and "cut 
offs '' is fitfully announcing its approaching end. 

The greater the useful life of the cord the less frequent these 
two burdens become, and the resulting reduction in the annual 
maintenance costs and the improved relations with the telephone 
using public will many times outweigh the slightly greater first 
cost of the " Long-Life " cord. 

For over four years the Peel-Conner " Long-Life " cords 
have been used by many telephone administrations all over the 
world. Even in tropical countries there are administrations that, 
having tested and proved the merits of our " Long-Life " cords, 
have settled on their use as the standard for the future. 

Quotations and full details of Peel-Conner " Long-Life " 
Cords and Cordage will gladly be furnished upon application 
being made to either of the addresses below. 

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

COVENTRY, 
HEAD OFFICE 

AND WORKS: 

STOKE, COVENTRY. 
Telephone: COVENTRY 1310. 

Telegrams: 
"SPRINGJACK," COVENTRY. 

ENGLAND. 
LONDON OFFICE: 

MAGNET HOUSE, 
KING SWAY, W.C.2. 
Telephone: REGENT 7050. 

Telegrams: 
Peelcontel, Westcent, London." 
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Behind 

every foot of 

J. & P. Telephone Cable 
there is a 50 years manufacturing experience--an 
experience which has materially assisted us in building 
up that " little more" in quality for which J. & P. 

productions are everywhere renowned. Our most 
recently executed contracts for the manufacture and 
laying of Trunk mains include Edinburgh-Dundee, 
Ipswich - Norwich, Glasgow - Edinburgh, Paisley -
Beith - Dairy, Kirkcaldy - Leven, God stone - East 
Grinstead and London-Brighton, and our work in 
this direction is constantly expanding-a fact which 
should encourage Dominion and other authorities to 
entrust their orders to our care. 

Let us have your enquiries. 

JOHNSON & PHILLIPS, Ltd. 
Specialists in the Transmission, Transformation 

and Control of Electricity. 

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

12, Union Court, Old Broad Sfreet, E.C.2. 

Printed h\· H!l'(CH & WmTTl:\GTo....-, Epson., and 
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