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By JosEPH Pooui, A.M.I.E.E., Wh.Sc. 

ScYenlh Edition, thoroughly revised and enlarged by 140 extra pages and 
100 new illustrations. 

This classic work, which is specially recommended by the Examiners .of the 
City and Guilds Institute for candidates preparing for the examination in 
Telephony, has been thoroughly revised by the author in collaboration with 
experts on the G.P.O. Engineering Sr;:iff and other specialists in telephone 
engineering. The latest developments in every branch of the subject are now 
included. 

In the Press. 

728 pp., with 685 illustrations. 18 /- net. 

The Director System of Automatic Telephony. 
By W. E. HUDSON, B.Sc. (Hons.), Wh.Sc., A.C.G.I., Chief Assistant in the 

Engin{)cr-in-Chief's School of Automatic Telephony, G.P.0. 
This new work is intcnd{)d for students of telephony, linesmen, traffic officers 

and telephone engineers who wish to make themselves familiar l\'Ith the Theory 
of the Director System. 

160 pp., with 155 illustrations. 5/- net. 

Full particula, .. � post frte. 
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RELAY 
CABLE PATTERN 
THIS pattern relay has been de­

veloped for specially difficult lines 
and submarine cables. 

The adjustment of the contact car­
riage and the relation of the electro­
magnet cores to the armature system 
is of wide range and can be made in 
minute steps. 

The frame in which the coils slide is 
very rigid and the relay is not suscep­
tible to extraneous vibrations. 

AUTOMATIC TELEPHONE 
MANUFACTURING CO., LTD. 

MILTON ROAD, NORFOLK HOUSE, 

EDGE LANE, NORFOLK STREET, 

LIVERPOOL. STRAND, W.C 2 
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- and then he tf ot / 
a trouble-free phone system 

I 
• 

T HE exasperating breakdowns, delays and muffled 
speech encountered on ordinary phone systems 
fade away when an Ericsson System is installed. 

Trouble-free, clear-speaking· and carrying a tiny 
maintenance bill, it proves a wonderful business aid 
and soon repays its moderate initial cost. Stands up 
wonderfully well to hard wear. 

W·n'te to-day jo'I' (ree.fttlly illttsh·afed 
ctnd inform a tire 71ctrnphlet 

ERICSSON TELEPHONES 

LIMITED 
International Buildings, 

67-73, Kingsway, 
London, Eng., W.C.2. 

Telephone : 
Gerrard 3003, 3004 

Telegrams: 
Ericsson, Westcent 

London. 

TELEPHONE 
EXCHANGE 

EQUIPMENT 
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CREED INSTRUMENTS 

THE CREED RECEIVER 

The Creed 1924 design Receiving Perforator is the acme of 

simplicity. With the instrument, motor, sliding resistance and 

switches mounted on a strong and light aluminium base, it forms 

a compact and serviceable unit. Speed ranges from 30-60 to 

75-150 words per minute (with high speed motors, up to 200 

w.p.m·), or a 3-speed change gear attachment can be fitted with 

a normal range from 20 to r8o w.p.m. 

We are now manufacturing 

START-STOP APPARATUS 

Write to us for particulars 

CREED & Co., LTD., 
'0elegraph 6ngineers, 

CC'elephone: Croydon 2121. 
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CREED . INSTRUMENTS 

THE CREED PRINTER 

The Creed i924 design Printer, like the Receiver, is now 

mounted on a light aluminium base with the motor and sliding 

resistance forming a similar compact unit. Speed 150 words per 

minute. Tape w heel drawers are fitted in the base of both instru­

ments. 

MURRAY MULTIPLEX 

We also manufacture apparatus for this System. 

Write lo us for particulars. 

TELEGRAPH 

CROYDON, 

WORKS 

SURREY 
CC elegrams : " Credo, Croydon." 
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�sra11dard-­
TELEPH0NE REPEATERS 

Salient Facts. 

( 1 ) The tra nsmissi on efficiency of exist· 
ing lines may be materially increased by 
the application or telephone repeaters ; or 
substantial saving in first cost and operat­
ing charges may be effected in new instal­
l:itions. 

(2) Telephone repeaters may be applied 
to improve the transmission of practically 
nll circu its over \\·hich transn1ission is not 
normaliy satisfactory. Under the brst con­
ditions this i1npro,·en1ent n1ay n n1ount to 
;is n1urh as nine-tenths of the norn1al 
egui,·:ilent le ngth of the circuit. 

(3) The reproducing quality of Standard 
telephone repeaters is so nearly perfect 
that any number of them may be succes­
sively inserted in " toll circuit without 
any distortion and loss of intelligibility by 
the action of repeaters themselves. 

(4) Sta ndard repeater equipment per­
mits the use of conductors much smaller 
[han are usually considered necessary for 

long distance transmission. 

(5) Routine maintenance of Standard 
repeater equipment calls for few adjust­
ments and little special attention. In 
general where there are few repeater sets 
nt one point the equipment can be cared 
for by the normal maintenance force. 

(6) Marked improvement in the con­
tinuity and reliability of telephone service 
may be obtained by the use of repeater 
sets, since small gauge loaded cable circuits 
may be utilised instead of open-wire lines. 

(7) Greater satisfaction on the part of 
the subscribers and resulting increased 
revenues from toll service may be expected 
to follow the introduction of telephone 
repeaters into toll circuits over which the 
tr::insrnission would otherwise be of doubt­
ful commercial grade . 

5ra11dard Teleplto11es and Cables Limired 
(Formerly Western Electric) 

Connaught House, Aldwych, London, W.C.2. 
'Phones : CENTRAL 7345 (IQ lines). 

Works: 
HENDON. 

NORTH WOOLWICH. NEW SOUTHGATE. 
Branches: Glasgow, Leeds, Birmingham, Manches ter, Liverpool, and Dublin. 



AN OSCILLATOR 
CONST ANT OUTPUT 

GIVING A 
OVER 

FREQUENCY AUDIO 

SINUSOIDAL AND 
THE COMPLETE 

RANGE. 

By B. s. COHEN, M.I.E.E. 

Introductory .-The variation of sensitivity with frequency over 
the Audio Range for telephonic apparatus such as transmitters, 
receivers, and repeating coils, etc., may be referred to as the 
Frequency Characteristic of the apparatus in question. In a 

frequency charact·eristic is included nearly all the necessary in­
formation regarding the behaviour of the apparatus from a trans­
mission standpoint, both as regards volume efficiency and articu­
lation. 

Apparatus has been designed in the Research Section to enable 
frequency characteristics to be quickly obtained. One of the main 
essentials is a source of alternating current readily variable over 
the important audio frequency range which is from o to at least 
5,000 p.p.s. and capable of re<1ching 10 ro,ooo p.p.s. if necessary, 
and which. shall be prarticall_1- pure in 11·an� form (i.e., harmonics 
present should be less than s%) and should remain constan1 
in voltage over the greater part of the range. Such a source 
of alternating current is ·essential not onh- for the plotting 
of frequency characteristics but it is also highly desirable in 

connection with a number of transmission measurements, such as 
transmission testing in repeat er stal ions, 1 ransmission mainten­
ance, etc., and also for general acoustic research. 

If the frequency of the ou1put is capable of being varied over 
the whole <:)f its range lw a single and simple operation such as 
the rotating of a variable condenser or inductance through a few 

VOL. XIX. \Y 
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degrees, tbe use and value of the apparatus is much incr·eased. 
\\'ith such apparatus it becomes possible to arrange for the 
complete frequency range, or any portion of it, to recur at a rapid 
rate, so that ordinary types of measuring instruments can be used 
to give an integrated reading for the rhythmically recurring 
frequency band. This opens up still another important field of 
use in connection with the rapid efficiency testing of telephone 
apparatus. (See "Telephonometrv," B. S. Cohen, I.P.O.E.E. 
Paper No. 70; 1916). 

The ordinary direct audio frequency valve oscillator is in­
capable of fulfilling these varied conditions, and even under the 
limited condition of ability to suppl:· audio frequency current of 
cornparati,·ely pu re wave form, although not constant volume, 
over the important audio range, the direct audio frequency 
oscillator becomes ven- costlv and cumbersome. 

- . 

li'5= 80 OOO ohms 

Fie. l.-C11n·cn OF Cn,11'r.ETE T.\l:LE PATTER:-: HHERODYNE Osc1LLATOR. 

The Heterodyne Oscillaior.-In order to meet the full require­
ments, a heterodyne oscillator has been developed in the Research 
Section. The principle of operation is briefly as follows:-

Two valve oscillators, oscillating at ultra-audio frequencies are 
set up and the resulting oscillations are combined. One· of these 
oscillators is maintained al a constant frequency and the other is 
capable of being varied from the same frequency by an amount 
which depends on the range of audio frequency required. If, for 
example , the fixed ultra-audio frequency is 30,000 p.p.s. and the 
second ultra-audio component can be varied from 30,000 to 25,000 



.\N OSCILLATOR ,\ND CO:VIPLFTE AUDIO FREQUENCY RANGE. 

p.p.s., a heterodyne or beat frequency, varying from 0-5000 p.p.s. 
will be obtained and similarly a variation of from 30,000 p.p.s. to 
20,000 p.p.s. will give an audio range o-ro,ooo p.p.s. 

It should be noted that even in this extreme case, a variation 
of only 33!% is required to obtain the o-ro,ooo p.p.s. range and 
this percentage can be reduced still further by putting up the ultra­
audio frequencies. It is this factor which renders it comparatively 
easy to obtain a constant output over the requiped range. 

The heterodyne or beat audio frequencies can be separated 
from the ultra-audio component by small and simple filters and by 
rectification, and the separated wave can then be amplified to any 

VOLTS 

6 

5 

4 

1000. 2000. 0000. 4000. CYCLE.% 
3e:c. 

F1<:. 2.-HETEIWllYNE Osnr.r.·1-ro1�. YoLT\(;E-F1m<._'UENCY Cn:rn,1CTERISTIC. 

extent desired. :\pparatus of this type has been constructed in tvvo 
forms, both of \Yhich are proving of great value. 

Fig I is the circuit for a complete oscillator outfit. 
V1 V1 are the t\YO oscillator valves. 
L1 L1 and L2 L2 are the plate and grid inductances and the 

former are tuned. In the case of the fixed ultra-audio frequency 
the tuning is only by a condenser C1• In the case of the variable 
ultra-audio frequency the condenser cl is supplemented by a 

variable condenser C2, which is combined with a camera in which 
characteristics can be photographically recorded. This will be 
described more fullv later on. 

The frequency of the fixed oscillator is set at about 30,000 p.p.s. 
and the other is so arranged that with the variable condenser at a 

few divisions above o0, the same frequency is obtained, i.e., zero 

3 I I 
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audio frequency and at 1StP the frt>quency is 25,000 p.p.s., so that 

the audio frequency ''ill Lie 5,000 p.p.s . The oscillations are 

pickt'd up by coils L3 L," 
\\" ith each oscillat or is associatt>d a single stage amplifier 

\'2 \'2• This is mainly for the purpose of eliminating interaction 
between oscillators, but it has lwen found possible in the portable 
set described furtht>r on to dispense with thest> valves. 

Ir should lw noted hen-· that the oscillator valn�s. coils and 

condensers art' set up in t1vo separated iron boxes which arc 
earthed, and that the ,-ariable condenser is pbred in an earthcrl 
screen and is connected up b_v ;1 screened ronductor. 

The ultra-audio oscillators an· opPratecl on the resistance 
capacity principle (seP I�2 R2 and C, Ci) and the beat oscillations 

are connected to detector vah·c V3, "·hich is operated b_\· anode 

bend rectification. Finall:·. to eliminflte all tract's of ultra-audio 

IJE5B. 

Input 

<#-I 1--+---+--;::;::;J-:;1 

,.,_Ohms 

+ 

�l"T>1Ca r 

·+-------+---+--1-----•+ i.�ov 

�---.. +i.1V 

·-

r.z Ohm• 

frequency, a low pass filter is inserted in the plate circuit of the 

detector valve. This is a 3 seriion filter designed to block out all 
frequencies above 20,000 p.p.s. 

The audio frequencies are then ampli fi ed by 2 stages of resist­
ance-capacity coupled ampli li e rs and connected through a trans­
former T and potentiometer R, H . ., to an A.C. Yoltmeter of the 
Moullin type or to a specia l 1·aln� YOltmetcr as shown, consisting 
of a high period reflecting gah·anometer connectt>d through a 
diode rectifier. Tht> galYanomcter has a sensitiYiL:· of the order of 
(),[ m.a. for full scalt� dt'fkction on the conclt>nser camera, ;md a 
natural  period of the order of r 25th of a second. 

1f this gah·anorneter be con nected and arranged as shown iR 
Fig. 1, it will record on condenser camera C" the frequency 
characteristic nf the rnrnpletc osl·illator outfit itself. Such :t 



characteristic is shown in Fig. 2 and it ,,�iJl be observed that from 
a fe,y cycles up io +soo p.p.s. 1he output remains constant at a 
voltage of 5.5 Yolts. This is 6u1� partly to the special output trans­
former T. iYith large cross-sc::cticm cure and interleaved slab coil 
primary and secon dan windings. 

\\Tith the seconcb ry coupled 10 a non-reactive load, this trans­
former g ives plenty cf output a1 the ](rner frequencies; there is, 
ho\yever, a slight tendency of the ouiput lo fal l  off at the higher 
frequencies. In order to compensate for this, it will be obsetTed 
that the plate of the first audio frequency amplifier is coupled to 
ihe grid of the second stage by an inductance Lj, 1Yhich is about 
0.2 henry, and a variable resistance R J• ivhich can be adjusted 

Gc/vc;nc,-ncfc,_, .dcf/zcT/on. 

until tlle characti�ri:stic becomes tbL Tlw high Lension battery 
supplies are feel to the 1·alves throu gh chokes and condensers. 
These are omitted from the diagram Fig. l. 

The galvanometer rec1 1 1l e r jtisl described clues not give a 

straight line characteristic, but rececth a modified galvanometer 
amplifier and rectific:r lws been designed nncl constructed which 
gi ves practically straight line HTtihcation. Pig. 3 is the circuit 
and it wil l  be obsery ed th;ll !his crn·sists of t1\o stages resistance­
capacity coupled <tmplifo:rc; ;u•d a fom-electruc1e val ve D.E.7 with 
one grid and th e plate in par:tllel and the second grid positiYel y  
primed with 21 n>hs. l�n(1er lhfse cor:ditions the plate circuit 
becomes of ven· l(l\\ impedance. This combina1ion is a verv 
salisfactor_1· one ;md 1l;e ch;1r;u tcri'.;1 ic, \\�hit h is reproduced in 
Fig. 4, is priictirn11_1� ;i :-�•might 1ine. 

313 
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Further details of the items comprising this testing set are 
given below:-

Valves V1 V, V3 V1 and V5 are all P .0. pattern V.T.24: 

3 

Fie;. 5.-0sc1Lr.ATOR AssEMBLV. 

which corresponds to the Marconi-Osram L.S.5, and V2 V2 are 

V. T .4, corresponding to most R type valves. 
Constancy of filament battery supply is an essential condition 

314 
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for reliability uf operati on and a rou amp. huur filament battery 
is employed. 

Li Li are 20,000 ,u.H coils; L" L" are 50,000 ,u.H coils ; 

Fie 6.--0scu.1..noR: Eoiu V1Ew. 

L3 L3 are 10,000 ,u.H coils ; C, C1 are .001 ,u.F; C2 is .0005 ,uF. 
Other ·electrical values 'Nill be found marked on Fig. I. 

Although not shown in the diagram, a variable condenser 
(rnax. o.oor ,u.F) is shunted across t he input of detector ,·alve V3• 
As the value of this condenser is increased, the output falls off but 

31;; 
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the wave form is impro,·-ed. This condenser acts as a selective 
shunt with a t-endency to reduce the amplitude of the harmonics 
more than that of the fundamental. Fig. 5 shows the complete 
oscillator asembh mounted on a table. 

The two h igh frequency oscillators are un the left and right 
respectively, and the detector and audio frequency amplifier and 
fi.Jter are in the centre. On the right lower part of table is a 
battery panel. 

Fig. 6 is an end view with the covers removed and shows the 
valve oscillator and coupler coils , \\"liicb are muunted in rect­
angular ebonite slabs, the back uf one of I be osci lla1or conclens·ers 
and also the battery panel "dh h igh and lm\" tension connections 
are shown. 

j i 
IO ' 1 

I 

FrG. 7.-0sc1r.r .. -1To1<, DioTECT<JI·< MW :\uD10-F1rn0uENCY AMPLIFIEIL 

Fig. 7 shows the dl�lt·ctor and audio frequency am pli fier on the 
left. The low pass filter will be observed and si·rnilar fllters will 
be noted on each of the high frequency oscillators. These have, 
however, not been found essential �111d are not used. 

The H .T. feeding· chokes :111cl condensers are also to be seen in 
this illustration. 

Fig. 8 shows the condenser camera \Yith the cylindrical camera 
cover open, showing lhe drum smrounding the condenser to which 
the sensitiz-ed paper is attached and a developed characteristic is 

316 
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shown in s-itii. The light of a Pointolite lantern reflected from 
the galvo mirror falls through the camera shutter when the latter 
is open and passes through a cylindrical lens, forming a spot of 
light on the paper. The large wheel to rotate the condenser is 
graduated in degrees and must be rotated very slowly. Two con­
densers, each of 0.0005 ,uF., are incorporated in the camera One 
of these has a straight line relationship between frequency and 
angle, ·whilst the other is a square lmv condenser. Either of them 
can be used individually. Fig. 9 is a general view of the record­
ing apparatus com prising the lantern, gahcanometer, and condenser 
camera. A separate 11·heel will also be noticed in the foreg-roun<l . 

Fie. 8.-CoNL1EN5Et� C.\i\IER,\. 

This c an be coupled to the camera wheel to give the latter an 
extremely slow motion when desired. 

Some indication of the purity of the \\"ave form is given by the 
oscillograrns reproduced in Fig. 10 for audio frequencies ranging 
from 38 p.p.s. to woo p.p.s. Quan! itative measurements of the 
actual impurity of the waye form h<n-e bee n made by measuring 
the capacity of a condenser and the method would have indicated 
the ex istence of an1· harmonic not less tha n 5% of the funda m ental 
a mp litude. As no t"race of discrepanc1- ,,·as found it rna1· be con­

cluded that impurities are less than s% of the fundamental. 

317 
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Portable Pattern Heterodyne Oscillalor.-The circuit arrange­

ments adopted for the portable pattern oscillator are shown iu 

Fig. ll. It will be observed that the circuit has been simplified 

and by the omission of the high frequency amplifying valves only 

5 valves are required, and these ar·e all dull emitter valves, thus 

considerably reducing the total filament current required. In 
other respects this oscillator is generally similar to the instrument 
previously described. Output characteristics of this instrument 
are given in Fig. 12, and as the load resistance is given the power 
outputs can be obtained. vVit h a moo obm load, the average 
voltage is of the order of 12 .5 volts over the range, and with a 600 

F1G. 9.-RECORDING APPARATUS: CrENERAL VIE,V. 

ohm load the average volU1ge is about S.5 volts. The puwer avail­
able is of the order of 120-150 milliwatts, which is ample for must 

purposes. The general arrangement uf this purtable set is shown 
in Fig. 12a. 

N ates on the ii.ses of Heterodyne Oscillators .-The simplest 
use for the heterodyne oscillator is as a source of sinusoidal electric 
power of constant volume and of variable frequency over the audio 
range. For this purpose the frequency control can be a single air 
condenser with a straight line frequency characteristic and pro­
vided with a vernier to enable zero frequency to be obtained at any 

318 
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convenient poinl of the condens·er scale (say 10 degrees). A 
calibration of any other point on the condenser scale for frequencv 
is then all that is required, and this can be effected by operating a 

telephone receiver from the oscillator and adjusting to the r·equired 
frequency by means of a tuning fork or frequency bridge. The 
condenser can then, if desired, be prm·ided with an adjustable scale 
calibrated direct in frequency. It is sometimes found conveni·ent 
to use two condensers of different ranges in parallel, one of which 
is provided with a yernier for zero adjustments. For example, if 

85� NVV\NVVVV\! 

210� N 

520rv M/V\/\/\M�N\�JWVWW 
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Fie. 10.-\V.wE-FORM OscrLLOGRAM. 

one condenser be 0.005 p.F and the ulher 0.0025 11.F, and the larger 
condenser give a frequency of 5000 p.p.s. al i8o degrees the 
smaller one will give a range up to 2,500 p.p.s., with a corres­
pondingly more open scale. 

The next use of the oscillator is to feed an electro acoustic 
transformer in order to obtain pure sounds over the audio range. 
Moving coil electro magnetic receivers can be used for this purpose, 
as also can specially clamped Bell r·eceivers, also condenser 
receivers. In an article in the last issue of this Journal on '' A 
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High Quality Telephone Transmission System," will be found a 
description of a moving coil receiver which is suitable for this 
purpose. (See Figs. 7, 8A, B and c, and electro-acoustic char­
acteristic Fig. 10.) For determining transmitter characteristics 
the output of this receiver when actuated by the oscillator can be 
used to operate the transmitter and the output of the latter re-
corded either point by point or photographically on the condenser 
camera. 

Correction can of course be made for the non-uniformity of the 
receiver characteristic by means of the calibrating curve just 
referred to (Fig. 10, Page 248, P.O.E.E.J.). 
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F1G. 11.-CIRCUIT OF PrnffABLE PATTERN OscH.LATOR. 

vVhen investigating the characteristics of telephone receivers 
and loud speakers, these instruments can be actuated by the 
oscillator and the acoustic output recorded on the condenser 
camera by means of a suitable " pick up " transmitter which may 
be condenser, thermophone or electro magnetic type, e.g., the 
eddy current transmitter illustrated in the last issue of the Journal 
(Fig. 1, Page 238, and calibration curve Fig. 6, Page 244). 
Various precautions are necessary in taking such acousto-electiic 
and electro-acoustic characteristics in order to get restilts which 
truly represent the behaviour of the instrument under investigation. 
For example, if a loud speaker be ·tested by means of an edd_\' 
current transmitter placed at a few feet from the loud speaker in 
an ordinary room, the cl:iaracteristic obtained will include standing 
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waves produced by reflection from the wal ls of the room, and also 
from the front of the eddy c urrent transmitter. These will of 
course vary with every change in the posit ion of the instruments 
with regard to each other and to the room walls. 

These standing \Yaves are of importanoe to study, as they will 
always occur to a more or less considerable extent under the 
normal conditions of use of a loud speaker; it is necessary, 
however, to eliminate them when itwestigating the absolute or 
comparative efficiencies of rhe loud speaker, and to do this it :s 

necessan· lo ccirr1 out tests under non-reflecting conditions, 1.e.., 

7 8 
PER SECOND 

!·.-re. ] 2. -0l'Tl'{1T Cll.\!� \�TunsT1c 01· Fo!\T.\BI.E OscJT,L:\TOI\. 

in the open air and with the acoustic pick up at as great a distance 
as possible from the loud speaker and with its reflecting surfaces 
as far as possible covered with cotton 1vaste or some other sound 
absorbing materials. 

The alternative metl10d is to earn out l be m easurements in a 
suitable chamber or room provided with sound absorbing· draperies 
or materials. Elaborate experiments l1m·e been carried out at 
Dollis Hill in connection with the construction of a special room 
arranged for this purpose, but details will he outside the scope of 
this article. 

Rhythmic Oscillutions.-·Reference has already been made at 
the beginning of this article to the use of a rhythmically recurr ing 
frequency band and an integrating measuring instrument for the 
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purpose of rapidly testing the transmission efficiency of telephonic 
apparatus, etc. For this purpose it is necessary to drive the 
frequency control condenser from some convenient source. Clock 
work and ·electric motors have both been used and by suitably 
arranging fixed capacity condensers any part or the whole of the 
audio frequency band can be utilised. Condenser circuit arrange­
ments for obtaining these results will be found in Fig. 11. 

If the recurrence be of the order of five times per second, an 
ordinary commercial needle or reflecting pattern microammeter 
will give a steady deflection. 

Fie. 1 2a . . ·--Pn1nABLE Osc1u.11ToR. 

The rhythmic oscilator outfit will, it is expected, be of great 
Yalue in replacing the voice and ear for the rapid bulk testing of 
new deliveries of transmitters and receivers and also for the trans­
mission maintenance of these instruments in sitii, and apparatus 
for this purpose is now under trial with promising results. Similar 
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apparatus is also being 1ried out for line and circuit testing and for 
cross-talk measurements. 

Some charnctcrisiics oulained with the Beterodyne Oscillator 
Oiitfit.-In conclusion a brief reference 1Yill he made to some of 
the typical results obtained . These, as ,,-ell as some of the other 
illustrations included in this article, are reproduced by kind per-

Cycles per sec.onJ 
2 500 z 900 

FIC; 13. --C11.11nc rEHTSTIC OF T1z.1:--:"IJTTER ""o. r C. B. 

m1ss1011 of the lns1itu1ion of E le c1rica1 Engineers from a paper 
entillecl "The Frequrncy Cbarac1eris1ics of Telephone Systems 
and Audio Frequenc1· "-\pparatus," B. S. Cob en, "\. J. ,\ldriclge 
and \\'. \\'es1. \rol. 64, part 358, Ocioher, 192(1. 

Fig. 13 slHrn·s the characteristic of a �o. [ C.B. lransrni1ler. 
The sound input in dyne-; per square centimetre from a mm·ing 
coil receiver is recorded, and also the corresponding nJhage out­
put of the tr<1nsmi11er ,,-hen connected in a normal manner. 

'=' \ 
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Fie. 14.-�Cr-I.\RACTERTSTLC OF BELL RncEJVER HELD TO EAR. 

It will be observed that there is comparatively little if any 
response until a frequenc_1· of the order of 700 p.p.s. is reached and 
that resonance occurs at about 1000 p.p.s, There is a flat reson­
ance peak clue to mouthpieuc at 1500-1700 p.p.s. <rnd practically 
no response beyond 1900 p.p.s. 
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Fig. 14 is thP charactt>rislic of a Bell receiver. The receiver 
was placed against an artificial P<1r, so that the output was damped 
in the same way as it "·ould he in practical use. The receiver 
commences to respond ar about r .')O p.p.s. and output rises rapidly 
to a maximum ar about 900 p .p .s . Betwe1�n r ,500 and 2,900 p.p.s. 
there is ,·ery litt le response and there is a small resonance point 
just abon· 3,'JOO p.p.s. This is dt1e to another mode of vibration 
of the recei\·er cli;iphragm. This charcterislic is very different 
from that of the receiYer nnl h eld against the ear , hut for further 
details reference must he made to the I . E . E . paper. 

Fig. 15 is till-' nn·rall acousiic-Plectric-acnustic characteristic 
of a trunk connection. The circuit is shn,yn in the fi.gurt-' and 
consists of 32 standard miles of non-reactin• artificial cablC', 
equivalent to a perfect co11tinuot1sh·-loadl'cl tl'lephnnl' line without 
cut-off. 
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1\ duplex repeater is inserted as shown and this has the usual 
filter cutting off about 2,200 p .p .s . Standard C.B. cord circuits 
are used and 150 ohms subscribers' loops. Also Standard C.B. 
instruments and a �o. r C.B. transmitler and 60 ohm Bell receiver 
(not held to the ear). The overall characteristic, it will be 
obsern�d, is mainly a combination of tlw transmitter and receiver 
characteristics and the effectiw audio frequency hand is limited to 
about 600-2000 p.p.s. 

Space \\'ill not permit the inclusion of furtlwr characteristics of 
other apparatus, lines and circuits, hut it is thought that sufficient 
has been gi,·en to demonslralt-' tlw possibilities of the method, and 
it may fairly be said in conclusion that a ne\\· and pm,·erful method 
of investigating the efficiency of telephoni c systems and apparatus 
is now available which forms a read:· means of enabling the effect 
of chang-e in construction �rnd des i �·n lo he cnnyenientl�· nbsen· Pd , 

1neasured and recorded. 



IiOl'SlNC< THE HELL SYSTEM. 

HOUSING THE BELL SYSTEM. 

[We are indebted to the .lmerican Telegraph and Telephone 
Coy, for permission to reproduce this article from the July issue of 
the " Bell Telephone Quarterly" and also for the loan of the 
blocks.-Eos., P.O.E.E.J.] 

\VE are celebrating this year the telephone's fiftieth birthday. 
As we look back over this relatively brief span of time we cannot 
but be impressed by the signs on every hand of the phenomenal 
growth and progress in the industry. The great advancements in 
the art of communication itself, through the comprehensive 
development and research activities carried on by the System, 
and the marked progress made in the construction and operating 
activities all form interesting stories in themselves. Sirnilarh, 
there bas been great progress in the other essential and n�lateJ 
phases of the business, the scope of whid1 at first is perhaps 
scarce l v rea 1 izecl. 

Among the more important of these related activities is that of 
housing all the component parts of this vast enterprise. There 
are close to 6,ooo buildings in the System ranging in size from 
small and isolated repeater stations on the \vestern prairies housing 
the appartus which makes communication possible from coast to 
coast, to huge combination office and equipment buildings in the 
midst of metropolitan traffic, through a list comprising garages, 
\\arehouses, factories, shops, office buildings and even hospitals. 
It doubtless will be of interest, therefon'., to revie\v the character 
and scope of the housing phase of the System's activities starting 
with the famous garret in Court Street, Boston. 

Jn the earliest days of the telephone sen·ice, the housing 
problem was a simple one. ,\ n�ry small switchboard, simple in 
character and easily mm·ed if necessary, was placed in some con­
venient location, usually in rented quarters, and from that switch­
board wires were run one by one as needed either on polrs or over 
housetops to the premises of those desiring service. 

It will be sePn, thPrefore, that in these earl:· days, the housin� 
activities were substantially no diffrrent in a particular ci t _,. than 
those of the local merchant. Almost any space fairly centrally 
located with respect to the customers to be served \vas entire\\· 
suitable, particularly as no undue expense or inconvenience \ms 
involved in relocating the equipment and \vires and personnel. 
It may be of interest to mention here that the first commercial 
telephone central office was established at �e\1 Tlawn in 1878, 
and occupied, as did a great ma1w subseq1wnt offices in different 
parts of tlw country, a fr,v hundred feet of space in 1Tntl'd quarters. 

YOL. XTX, 
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In a relatively. fe\Y years, however, as the telephone became 
more and more a part of the community life the picture changed. 
The rapid increase in the number of subscribers brought about the 
necessity for more elaborate and expensive switchboards, which in 
turn introduced more exacting requirements as to the location and 
character of the building space. This problem multiplied as the 
art developed, each subsequent aclyancement introducing new 
problems in the building phase of the work. fn fact, only within 
the last few years, important changes in the art such as improved 
transmission developments and the dial telephone brought about 
fundamental problems not heretofore encountered. 

How different, then, is the problem of to-day, particularly in 
the large cities. Each of the buildings must be placed in some 
definite location, and it is necessary to plan this well in advance 
and to direct the growth of the plant toward that location even 
though the building may not be erected for some years. Other­
wise, very serious and costly rearrangements of plant would be 
necessary at the time the office is opened. Furthermore, each 
building must be planned to lit the particular circumstances 
surrounding the central office in question. Not only must very 
careful consideration be given to the erection of the immediate 
building, but the plans must provide for ready expansion to care 
for the telephone growth without excessive cost or reaction on the 
service. .Moreover, suitable real estate at the theoretical wire 
center may be unobtainable in some cases, in which event studies 
must be made weighing the costs of various available sites near tlw 
wire cent.er against the varying lengths of conduit and cable runs 
involved in each case. 

The extent of our building activities is perhaps most strikingly 
illustrated by the structures shown in Fig. 1, which portrays an 
imaginary city composed of Bell Telephone buildings. 

Of course, the bulk of our buildings are used for housing 
central office switchboards and associated personnel and the 
records indicate that the Schenley central office building at Pitts­
burgh erected in 1886 was one of the first, if not the very first, 
building planned and erected for this purpose. 

vVith the Schenley building as a background let us survey the 
situa.tion as of to-day. There are some 2 ,ooo or so of these 
company-owned properties, representing a capital investment ,Jf 

close to $.so,000,000 in land and something over $200,000,000 ;n 
buildings. Their aggregate area is well over 30,000,000 square 
feet, of which about 75% is in non-combustible buildings, and ·n 
addition to providing for central office switchboards, thev provide 
working space for about 250,000 employees. 

· 

The scope of the construction activities involved in the erection 
of these numerous buildings is apparent. However, perhaps a 
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FIG. I.�A TELEPHONF. CITY-ONE-FIFTH OF nm Bull.DINGS OWNED BY THE BRJ.L 

SYSTEM. 

FIG. 2.-A Mu1.T1-UN!T OFFICE IN A RESIDENTIAi. DISTRICT. 

Frc. 3.-A MULTI-UNIT OFFICE ·IN A }[ETROPOLITM< BUSINESS DISTRICT. 
F1G. 4.-A SMALL SUBURBAN OFFICE. 
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fe,y facts as to the magnitude of tlw housekeeping i nYoh·ed in 

their upkeep \\·ill be of particular interest. 

The Bell System kPeps house just as truly as a house\Yife does, 

but on a gigan.tic scale. lt requires the entire working time of 

on'.r G,ooo people to insure that all company-owned buildings are 

adequately heated, lighted, cleaned and serviced. It requires the 

serYices of close to 2,500 people to cook for and wait upon Bell 

S\·stem employePS \YhO sen1re lunch or other meals in telephone 

h �1ildings-in 
.
fact, this is another closely related activity which 

would make an intPresting story in itself. Hundreds of elec­

tricians, machinists, carpenters, painters, and other mechanics 

are regularly employed for the making of minor alterations, 

repairs and replacements. 
Aside from those engaged in the architectural and construc­

tion phases of the work, there are seYeral hundred telephone 
engineers in the System whose principal activities are concerned 
\Yith the problems im·olYPd in planning central office buildings. 
A new building of this character i1woh-es consideration of th•'. 
rPlatin' a(l\-antages of the different pieces of propPrty available. 
It includes the preparation and carf'ful examination of preliminar)' 
plans cm·ering tlw rnorP promising building and equipment 
arrangements which might be employed for the property finally 
acquired. 

The facility with which these layouts could be expanded from 
time to time as required to care for growth, the adYantages from 
an operating and maintenance point of view, and the relatiYe costs 
are carefully weighed. The most desirable scheme is then fully 
developed. This requires careful study in collaboration with tli<' 
architect and the other departments of the company of a great 
variety of interesting problems ranging from each detail im·olved 
in the arrangement of the central office equipment to the broader 
considerations affecting the occupancy of the different floors 
throughout the entire life of the building. These engineering 
plans when completed form the basis for the architectural plans 
and for the specifications covering the requirements for engineer­
ing, manufactming and installing the central office equipment. 

Protection against fire is, of course, one of the most important 
considerations involved in planning our buildings. Next to the 
safety of the personnel, continuity of service is the main ohjectiw. 
The most approved fire resisting devices such as metal and wire 
glass windows, hollow steel doors, extra strong partitions enclos­
ing shafts and exits, and rolling steel shutters for openings facing 
hazardous exposures arc emploved. In addition, ven· rnmplete 
fire fi�hting appliances are provided in all buildings. 

Finally, in connection with the architectural phases, whether 
the building he in a small rnmmunitv or in a metropolitan centre, 
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F1c. 5.-Trm 1-LlwTHORNE (lu .. ) PLANT OF TllE \V1srn1rn ELEcnnc COMP:INY. 
FrG. 6.-'l)m NEW ADMINISTRATION Bull.DIN(; JN CLEVELAND OF THE Omo BELL 

TELEPHONE COMPANY. 
Frc. 7.-Tr·IE KEARNEY (N. J.) PLANT OF THE WESTERN ELECTRIC COMPANY. 
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constantly increasing consideration is given to the desirability of 
having it display individuality and character consistent with its 
surroundings. Also, where landscaping is appropriate, careful 
attention is given to beautifying the grounds. Our buildings 
from the very nature of the telephone problems must be more or 

less centrally located with respect to the subscribers served, and 
many of them therdore, must be placed in residential areas. In 
these cases in particular, stress is laid on insuring that the build­
ing and grounds be appropriate to their surroundings . 

Figs. 2, 3 and 4 illustrate typical central office buildings such 
as are provided in large and small communities throughout the 
System. 

Up to this point the discussion has centered around the build­
ings housing the operating activities. The manufacturing branch 
of the System-the \l\Testern Electric Company-presents another 
interesting phase of this housing problem. The requirements to 
be met here are, of course, of a substantially different character 
from those of the operating compani·es. 

Moving about 1878 from La Salle Street, to larger quarters in 
Kinzie Street, Chicago, the personnel employed by the firm which 
later became the Vlestern Electric Company consisted of perhaus 
roo people occupying about 12,000 square feet of floor space. In 
a span of little less than 50 years, this has expanded to the 
enormous manufacturing plants at Hawthorne and Kearny and to 
the 34 distributing warehouses located strategetically throughout 
the country and engaged solely in the manufacture and supply of 
telephone facilities. 

Fig. 5 shows a general view of the Hawthorne works which 
contain close to 4,000,000 square feet of floor space and provide 
working space for some 41 ,ooo employees. 

The existing construction at Kearny already develops close to 
800,000 square feet of space and the coming Fall will see com­
pleted and occupi·ed something over r ,000,000 square feet in the 
aggr·egate. Approximately 2600 ·employees are now engaged :it 

l{:earny. Fig. 7 shows the development of the Kearny works. 
Also besides these tremendous areas at Hawthorne and Kearny , 

the manufacturing department occupies at other localities a little 
more than 600,000 squar·e feet, substantially all of which is leased 
space. This space was taken over as the direct result of the 
vVestern EJ.ectric Company's extensive participation in the activi­
ties brought about by the European \!\Tar and according to the 
present plans will all be replaced by new space at Kearny. 

It is of interest to not·e that the 34 distributing warehouses 

contain in themselves l ,800,000 square feet of floor space. Each 

distributing house must, of course, be located suitably with 

respect to the center of distribution for telephone supplies and also 
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Ftl:. 8.-Tt·IE HEAPC>L',\RTERS OF THE .c\MERICAN TELEPHONE /\NP TELEC:RAl'll COMl'J\NY 
AT 195 BROAD�VAY, Nnv YORK. 

Fw. 9.-T�IE BELT. TELEPHONE LARORATO!{IES, NEW YORK. 
FrG. 10.-A 1.Al{C:E E.1sTE1rn D1sTRIUUTlNG W.\REBOUsE FOl< TELEPHONE SUPPLIES. 
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frurn tlw standp()in t of satisfactory transportation facilities. Fig. 

10 slHJllS une uf the large eastern distributing houses. 

In a 11urd, the \\'estern Electric Company to-day occupies in 

rnund numlwrs ()Ver /,4UU,ooo square feet of floor space, 75 per 

n,nt. uf \\'liich is in company-owned buildings. Area figures in 

tht ' \\"!'stern E lectric cast" must be almost m eaningless if expressed 
unly in square feet . .  \better appreciation can be obtained of what 
it means tu house su , ·ast an enterprise as the manufacturing and 
distributing branches of th e Bell S)'stem when it is pointed out 
that tlw area compr ised by th is 7 ,400,000 square feet is equivalent 
to 1 70 acres. 

\\'hen it is cunsidered that the housing problems of the 
\\ esl!'rn Electric Company range from foundries and iron work­
ing shops un tlw one hand tu shops for the turning out of the most 
intricate precision instruments on the other, and comprise wood, 
fabric and \\ire \\orking mills, it will be seen ho\v wide and com­
prehensin' must lw the scupe of these housing activities. 

Factory planning as practised to-day by the \\Testern Electric 
b ui l ding eng ineers ,,·as unkncmn \\hen their problems first becanw 
appan,nl, and their solution, allied \\ith the advanoe in the art of 
telephon_,. are a most Yaluable contribution to the science of factorv 
engineering in general. 

St ill another ph ase of the housing problem of the System is that 
of pro\ id ing space fur ad ministratin�, research and laboratory 
purposes . 

The Bell Telephone L ab o ratories bu ilding at \Vest and Bethune 
Streets, '\e\\ York , is sh0\n1 in Fig. 9. \\'ithin the past year the 
original structure lws been increased in size to take care of the 
increasing volume of research work. The building as it stands 
contains about boo,ooo square feet of floor space devoted wholly to 
Ldwraton· purposes and to housing the more than 3,500 scientists, 
l'ngineers and assis1 ants \vho are engaged in every phase of the 
den'loprnent and research work. ".\!so the building houses a most 
complete and valuable display of historical telephone apparatus, 
;1nd has in the top stor \· an auditorium \Vith a seating capacity d 
about rnoo. It is interesting to compare all this with the few 
hunclrecl square feet of Hoor space which sufficed for Dr. Bell and 
his one assistant in Court Street , Boston. 

The headquarters building of the :\merican Te lephone and 
Tt"l!'g·raph Companv at 195 and 205 Broadw<ff, Xew )'ork, is 
.'ihm1 n in Fig. 8. This building is 26 stories l�igh and contains 
rough 1 y hoo.ooo square feet of floor space, about 500,000 of which 
are used b:· the 5,000 or so telephone employees engaged in the 
general departments of the American Compan_,. and the Western 
Electric Company. 

i\Jany other large buildings are required for the administrative 
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F1G. 11.-THE NEW ADMINISTl�.ITION Bull.DING IN NEW YORK OF THE NEW YORK 

TELEPHONE COMPANY. 

l?rG. 12.-Tmi NEW ADMINlSTl<ATION Bun.DING lN ST. LOUIS FOR THE SOUTHWESTERN 

BELL TELEPHONE SYSTEM. 

FIG. 13.-THE NEW ADMINISTRATION BUILDING IN SAN FRANCISCO OF THE PACIFIC 

TELEPHONE AND TELEGl�APH COMPANY. 
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staffs of the operating companies. The last year has seen the 
completion or start of four ouistanding Bell System structures 
located in New York, Cleveland, St. Louis and San Francisco. 
These buildings 1vhich are shown in Figs. 11, 6, 12 and 13, repre· 
sc:nt an im·estrnent aggpegating close to $35,000,000. The com­
bined productin� floor area is roundly r,600,000 square feet­
which is about 37 acres. Their aggregate volume is close to 
40,000,000 cubic feet--or about the volume which would be 
deyeloped by a pyramid 450 feet square at the base and extend­
ing upward some1drn1 beyond the height of the \:V ashington 
monument. The size of these structures does not, of course, rdlect 
a desire for large buildings, but rather indicat·es the vastness of 
the enterprise. An appreciation of this is obtained when it is 
realised that the aggregate plant investment of the four companies 
w ho5.f administrative staffs are housed in these buildings is over a 
billion dollars and that space is also available to house central 
office switchboards for some 300,000 stations. This is equivalent 
to the number of telephones in a city having a population of 
I ,500,000. 

These four buildings represeni different treatments of the new 
architectural design, developed in America to give beauty and 
distinction to the so-called skyscraper. 

\Vhere a many-storied building is necessar)· in order io utilize 
to the best advantage valuable land, it has been found in this 
country that such a building can be made so architecturally fine 
that it becomes an object of pride to the community as a whole. 
Such buildings not only are attractive in themselves, but they 
also exemplify the high ideals of the Bell System. 

Telephone building history from the first New Haven office 
with its few hundred feet of leased space to these tremendous office 
and ·equipment buildings of to-day, contains an absorbing record 
of the development of the housing phase of the System's activities. 
The great structures shown are striking examples of the ·way in 
which the Bell System bas gruwn in this relatively brief span of 
fifty years. 

H. p. CHARLESWORTH. 
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EDINBURGH'S AUTOMATIC TELEPHONE 

EXCHANGES. 

By H. \V. DIPPLE, A.Nl.I.E.E. 

THE conversion of the central portion of the Edinburgh Ex­
change area and the transfer of 1r,583 subscribers and r, r 53 
junctions and trunks to automatic working on 3rd October, 1926, 
represents the largest task of this kind that the Engineering 
Department of the British Post Office has yet undertaken. 

Fil:. 1.--NEwJNraoN AuTo. E-;cHANGE, Eo1Nl3URGH. 

The Edinburgh area was served originally by a ro,ooo line 
No. r C.B. Exchange at Central, with sub-exchanges at Colin ton, 
Corstorphine, Davidsons Mains, Granton, Portobello and Leith. 
About 3 years ago a 2,000 line relief exchange named Museum 
was opened in the Central building to carry development until the 
automatic equipment was ready for use. 

Before automatic working was decided upon a complete study 
of the area was made, and it was found economical to relieve the 

Central building by opening satellite exchanges at Newington, 
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Morningside and J\!I urray fi el d. After the transfer was effected, 
the subscribers' I ines \\··ere re-distributed as follows : -

Central 
Newington 
Morningsicle 
f.h1rrayfielcl 

6,778 
I, 724 
1,832 
1,249 

11,583 lines 

FIG. 2.-ED!NBURGH CENTRAL E:-:CHANGE. 8 POSITION TEST DESK AND 
PRESELECTOR R/\CKS. 

New buildings were provided for· the sate llites, of which that 
for Newington, shown in Fig. I, is typical. 

The original arrangement of the Central Exchange building 
was:-

Ground. floor 
First 
Second 

Third 
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" 

" 

" 

District Manager's Ofii.ce. 
Staff dining rooms, Engineer s' offices, etc. 
Apparatus Room for Central & Museum, 

Traffic offices, etc. 
Central and Museum Exchanges. 
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After careful investigation it was decided that by removing the 
District Manager to other quarters, sufficient equipment could be 
installed on the ground floor to accommodate the subscribers' 
lines remaining on Central after the re-distribution, and to pro­
vide for development until further plant could be installed when 
the second floor became available. It was also decided to instal 
a temporary manual board on t he second floor in rooms formerly 
occupied by the Traffic Staff. The actual equipment installed on 
the ground floor is 8,300 lines, together with the rst selectors for 
satellites, and for manual exchanges dialling in to the Edinburgh 

FIG. 3.-EDINBURGH CENTRAL EXCHANGE. CHARGING GENERATOR AND POWER BOARD. 

area. Under this scheme the allocation of the building 1s as 
follows:-

Basement 
Ground floor 
First 

Second 
Third 

" 

" 

., 

Power plant and batteries. 
Automatic plant, rst Unit of 8,300 lines. 
Staff dining rooms and Repeater Station, 

etc. 
Automatic plant, 2nd Unit. 
Manual board (permanent) and operators' 

quarters. 

337 



EDINBURGH'S :\UTOM:\TTC TELEPHONlc EXCH.\NfiES. 

Owing to greatly increased development, it is probable that 
the ·whole of the third floor will be required for the Manual Board, 
the operators' quarters being provided in an adjaoent building. 

The initial and ultimate equipment at the exchanges is as 
follows:-

Central Unit No. r 

Unit No. 2 

Morningside 
Newington 

Initial. U ltirnate. 
8,300 8,300 
J ,ooo 6,300 
2,500 4,400 
2,100 3,600 

Murrayfield 1,700 2,900 

It is proposed to convert the sub�exchanges in the area to auto­
matic working during the next few years. In the meantime, 
however, automatic subscribers obtain direct access to these 
exchanges by dialling special numbers. The initial and ultimate 
numbering schemes for the area are as follovvs :-

Initial. Ultimate. 
Central lst Unit 20,000-29,299 20,000--29,299 

2nd Unit 30,000-30,999 30,000-36,299 
Newington 41,000-43,099 41,000-44,599 
Morningside 5 l ,000-53,499 51,ooo-55,399 
Murrayfield 6 l ,000-62 ,699 61,000-63,899 
Leith 7 7 l '000-7 3' 499 
Portobello 82 8 l ,ooo-8 l, 899 
Gran ton 84 83,000-83,799 
Corstorphine 85 85,000-85,499 
Colin ton 88 86,000-86,599 
Davidsons Mains 89 87 ,000-87 ,499 

The numbering scheme for the sub-exchanges was arranged 
as far as possible to allow of the level used for the dialling-out 
code to be made spare and connected to the Number Unobtainable 
Tone circuit, when an exchange is conYerted to automatic working. 

The automatic plant installed in the area is Siemens No. 16 
type equipment, vvhich is now too well known to need any special 
comment. It is interesting to note, however, that the satellites 
are equipped with Discriminating Repeaters and Selectors. vVith 
each Repeater is associated a Junction Finder and a Selector 
Finder. vVhen a subscriber calls, he is thus connected to an 
outgoing junction to the rst Selectors at Central and to a Dis­
criminating Selector. \'\Then the digits dialled determine the call 
to be local, the junction is released and becomes free to another 
calling subscriber. If the call is not local, the Discriminator 
Selector is rdeased and the call completed over the junction to 
Central. Discrimination is effected on the first digit of the 
satellite number, e.g., "4" in the case of Newington. 
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The circuit arrangements of the Discriminator circuits are 
those peculiar to Siemens No. r6 system, but the facilities pro­
vided are practically identical with those of the A.T.M. Co. s 

Switching Selector. Repeater at Leeds, which was described in 
the April, 1926, issue of this Journal. 

Fig. 2 gives a general view of the Test Desks, rst Preselectors, 
and rst Selectors at Central. 

Fig. 3 Charging Machine and Power Board at Central. 
Fig. 4 rst Preselectors, Incoming and Local 3rd Selectors, 

Newington. 

Frc. 4.-GENER,\L Vrnw OF Swncn RooM, NEwIN«TON AuTo. ExcH!INGE. 

Fig. 5 General View, JVIorningside. 
Fig. 6 1st Preselectors, Murrayfield. 
The transfer was effected at 5 minutes past midnight on 

Sunday, October 3rd, r926, traffic at that time being very light. 
Cutting out took place in the old apparatus room, some 42,000 

heat coils being withdrawn in three minutes. The withdrawal of 
the wedges from the protectors on the new Main Frames was 
carried out rather mor·e leisurely in order to avoid trouble due 
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to displaced carbons, but the total time occupied in the transfer 
from first to last was approximately only gt minutes. Imme­
diately after the transfer a total of Sr P .G. 's at rst Selectors was 
noticed, and within ro mim1tes this number had fallen to 35. 

Testing of subscribers lines began immediately, and the result 
of the test showed a total of 205 faults, representing r.7% of the 
total number of lines. Approximately 50 of these were subse­
qu:ently found to be ordinary clay-to-day maintenance troubles, 
so that the percentage of faults arising out of the transfer was 
actually r.3%. In view of the large number of circuits to be dealt 
with, this result cannot be regarded as other than excellent. 

FIG. 5.-GENERAL Vrnw OF S":ncrr Roo�r, Mo1rnrNcsrnE AuTo. EXCHANGE. 

Telephone Engineers who have had experience of transfers will 
be able to visulize the cardul organisation required for the vast 
amount of ·work involved in testing, and the detailed work !n 
the keeping of records of lines, removals, ceases, etc., wher� 
nearly 12,000 subscribers lii1es are concerned. They will, there­
fore, be quick to appreciate the excellence of the transfer and the 
hard work and enthusiasm of the Edinburgh Engineering force 
in bringing about such a splendid result. An idea of the amount 
of testing work required in a large automatic area will be gained 
from the following- summar

_
1· of pbnt in the Eclinhurg-h area:-
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Fie: 6.-MuHRAYF!Ef.ll AuTo. E>;CHANc1;. 

VOL. XTX. 

rst Preselectors 

2ncl ,, 
1 st Selectors 

2nc\ " 

3rc\ " 

Final )) 

y 

FmsT PRESELECTOR RACKS. 

14,640 
l,920 

l,328 

l, 196 
1,487 
l ,87 l 
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Discriminating Selectors 
, , R epeaters 

.Miscellaneous Switches 
Subscribers Meters ... 

76 
280 

335 
15,600 

On the day following the transfer, the traffic flowed very 
smoothly, very little traffic congestion occurring, and the sub­
scribers very quick! y settled down to the new method of working. 
There seems no dou bt that the conversion from C .B . working 
was a contributing factor to this, as it was possible of course to 
recover the existing telephones before the transfer . 

The temporary :Manual Board consists of:-

r Cordless B position with Key Sender , 

7 Trunk Signalling positions, 
2 Special control ,, 
5 Jack-ended junction , , 

r 5 A positions for " o " level calls, 
l Service P.B.X. position. 
r 12 position Monitors Desk. 

The permanent Manual Board will be installed in the old 
·' Central " switchroom as soon as the old equipment h'1s been 
recovered and the room prepared for the new plant. 

The second Automatic Unit of r ,ooo lines initial equipment 
will be installed in the old apparatus room when the old plant has 
been recovered and the necessary structural alterations made. 

A Centralized Service Observation equipment will be installed 
also. This consists of a 2-position Desk at Central with equip­
ment for observing service on 50 Central subscribers and on 25 
subscribers at each of the Satellite Exchanges. With this latter 
equipment, one junction circuit between the distant exchange and 
the Service Observation Desk will allow the service of 25 sub­
scribers to be observed. 

Thanks are due to J\'Iessrs. Siemens Bros. & Co., Ltd., for the 
photographs with which this article is illustrated. 
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OPERATING TIME LAG OF RELAYS. 

IN Automatic Telephony the need of a more thorough know­
ledge of the principles governing relays and their operation is 
becoming more and more evident. Hitherto, a relay has been 
regarded chiefly as an electro-magnet which, when energised, was 
capable of opening or closing certain contacts, and the only in­
formation that "·as considered necessary was a knowledge of the 
limiting Yalues of current which 1Yould cause it to operate or 
release. The ever-increasing complexity of automatic circuits, 
caused by the necessity of meeting more and more stringent 
r.equirements, has compelled circuit designers to ask for relays that 
function within fixed time limits as well as within fixed current 
limits. Hence it is that a knowledge of the operating and releas­
ing lags of relays has become of primary importance. It should 
be remarked, howe1·er, that this development must be accompanied 
by increased accuracy of maintenance, since the time elements of a 

rela�· depend very much upon its adjustment and one of the 
problems that must be solved is a method of manufacturing and 
maintaining relays within close limits, both as regards operating 
currents and operating times. 

The follovving extract from a paper by S. Raybould entitled, 
'' The measurement of operating and releasing lags and relays by 
means of a Ballistic Galvanometer" (Annales des Pastes, Tele­
graphs et Telephones," March, 1926), is, therefore, of consider­
able interest:-

Certain electro-mechanical means can be used to determine the 
time periods of a relay, but unfortunately they necessitate the use 
of apparatus which is rarely available in a laboratory. For 
example, a Baudot distributor can be used. From one of the 
contacts (A) of the distributor, a current is completed for the 
winding of the relay under consideration, the operation of which 
closes the circuit of a telephone receiver r:onnected to a moving 
contact (B). By displacing this contact one can find the point at 
which the relay operates. By dividing the arc which separates the 
contacts (A) and (B) by the angular speed of the distributor, the 
operating lag of the relay is found. Investigations have, how­
ever, led to the discovery of a simple and practical method of 
measuring time periods which gives very satisfactory results. 
This method, which can be varied to meet the particular case, is 
based on the following principles : the charge q received in a 
time t by a condenser of capacity C placed in a circuit of r·esistance 
R is given by the equation 

I 

q = Q (I - C fR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (I) 

343 



OPERATTNC Tl'\IE LAG OF REL.\YS. 

Jf a scheme ill'. devised in \\hich the condenser is parti ally 
charged during the time \\ h ich it is desired to measure, the 
measurement of q ,,ill enable the time to be calculated. 

It ma_\· be necessary to know ei ther the operating or the releasing 
lag· of a relay , depending on the functions which in practice it will 
han· to perform. The rnetbocl \vi ll lw explained by descri bing 
two cases. 

Case r.-To determine the time that elapses between the closin�­
nf the current in the winding· of relay c\ (Fig. 1) and tlw instant at 
11·hich the make contact is closed, it is necessar>· to han· a constant 
\·oltage E, a \Wll insu lated condenser of capacit_1· C, a high resist­
ance r, and a ballistic galvanometer of resistance g. The con-
1wctinns are shown in Pig. I. If key 1'f be closed while ke\·s N 

£ 
A 

-,-

1 c 

Fie. 1. 

and K are open the ballistic gah-anomeier \rnuld give a deflection 
fl, which is proporti onal to thl� charge rece i ved by the condenser C. 
This charge i s  

Q = CE = 1\.fl, 

This is the ord i nary equat i on of the gah·anometer from which the 
constant K can he found. It \\·ill lw rderred to later. The 
follo,ving operat ions an· then performed : -
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( r ) Key 1'I is opened. 
(2) Key :\'. is closed. 
(J) [{(•\· I\. is used to discharge the condenser, the dis­

charge being sho\\11 b.\· 1he return of tlw ballisti c  
galvanometer t o  zero. 

(4) Kev M is closed. 
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The condenser is charged and the ballistic galvanometer gives 
a deflection 82 proportional to the charge that C receiYes during 
the time that elapses between the closure of :VI and the closure of 
the operated contact of the relay. Th is charge has a value 

q = Ke2 
Let us suppose that the condenser used has a ver_1· high internal 

resistance and that consequently its conductance is negligible . 

The resistance of the circuit is, therefore:--

R = r + g 

as \1·e ha\··e already seen 

from which we have 

and 

Q 
= IOO",, -------CR 0· Q 

- q 

t = CR IOO"c ·Q- __ q__ b 
- q 

by replacing Q and q by their value in terms of deflection 

t = CR logo (}le:_ e" 
The time wil I be expressed in seconds if C is in farads and R is in 
uhms. 

By connecting the " make" and "break " springs (shown 
dotted in Fig. I) the period of disconnection of the moving 
spring can be measured and by substracting this value from the 
result already obtained the electro-magnetic retardation of the 
relay can be found. 

Case 2 .-To determine the time which elapses between the 
instant at which the circuit of relay A is opened and the instant at 
which its armature returns to normal (Fig. 2). 

In this case it is necessary tu use an extra relay of which the 
operating lag has previously been measured. 

The actual measurements in this case are made in exactly the 
same manner as in the nrst case, but i t  will be necessary to 
subtract from the r·esult the delay introduced by the auxiliary relay 
before the required time period can be found. 

The measurement can be simplifred by the use of a we! 1 
adjusted Baudot relay for the auxiliary relay, the lag which it 
introduces being usually less than one millisecond and therefore 
in m ust cases it can be neglected . 
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Accuracy !'j 1\!Ieasurcrnent.-It can he shown that for maximum 
accuracy the follmving conditions should be aimed at-

T = C . R . 

If this condition holds good , approximate!_\ an accuracy of about 
3% can be obtained. 

At 
£ �N 

l �---'---. 
8 

.____ __ ___. -,-

� 
c 

Bt 

FIG. 2. 

In the particular case of a relay possessing an operating period 
equal to CR seconds, the ballistic galvanometer gives a deflection 

()" = o.b3 x 81 

By using a variable resistance " r," this peculiarity can be made 
use of, for if by means of sPveral measurements, the value of r can 
be adjusted such that 

Then 

fl2 = o.(i3 fl1 

t = C.r. 

Bv this means the operating time can be obtained hy direct 
reading. 

F. I. RAY. 
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STRENGTH OF FLOORS IN TELEPHONE 
EXCHANGES. 

Bv CAPT. H. HILL, B.Sc., .�111.1.E.E. 

b building·s specially erected for Telephone Exchange pur­
poses, the floors of rooms planned for equipment are now usually 
of filler joist construction. Concrete s labs reinforced \\ith rods ur 
mesh are not used because of difficulty in cutting cable holes 
,,·ithout unduly \\eakening the strength of the slab. Should the 
time e\·er arriYe when the exact location of the cable holes can be 
cletermined before the floors are constructed this difficult\· \\"CJUld 
not arise. 
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FIG. 1. 

A plan of the steel work in a portion of a typical floor of filler 

joist construction is given in Fig. 1. 
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The method adopted tu express ckarl y and simply the strength 

of any floor is to state that it is capable of carrying a certain 

unifo;mly distributed load per square foot. .\ floor having been 

designed to carry such a load, the question often arises as to the 

extent tu \\·hich loads \\ hich are not uniformly distributed can be 

applied to the floor without oye_rstressing it. 

For example, let us suppose that in a room of 300 square feet 

area, with the floor designed to carry 150 lbs. per square foot, 1t 

be proposed to instal apparatus racks weighing in all q,ooo lbs., 

and that this load be applied tu the floor through 12 footings 

having a total floor bearing surface of about 350 square ins. 

J� 
tru· ,� s; � I)) 

' j 0) 
I 

- - -

� I 

l�bt 

·r1 1 cl h fl · 1 1 -+000 
1e average ua · on t e our 1s on y . 300 

square foot, but it by nu means follU\\S that the flour \\ill be strong 
enough owing to the fact that the manner of application of the load 
may cause greater stressl,S in some uf the steel than would a load 
of 150 lbs. per square foot uniformly distributed. The concen­
trated load on the floor immediately beneath the footings is at the'. 

14000 '4-+ 
rate of - - - x 1 = 5 7b lbs. per scruare foot. A floor desi£ned 

350 � 

for a uniformly distributed iuad of 150 lbs. per square foot might 
quite safely carry such concentrated loads provided the footings 
are large enough to keep the shearing stresses in the floor within 
safe limits. \Vith all footings designed for apparatus racks and 
with the loads \vhich they carry, it may he taken for granted that 
as the loading increases, a floor \vill first become overstressed dtw 
to the deflection of the steel while the shearing stresses me still 
within safe limits. It follows, therefore, that concentrated loads 
in the particular problem under review need onh he considered in 
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relation to the bending moments which they produce in the steel. 

It \\·ill now be gathered that neither the a\'erage loading, 46 2/3lbs. 
per square foot in the example abon>, nor the degree of concen­
tration , 576 lbs. per square foot, is much guide in itself in deter­
mining \Yhether a floor ,,iJI be strung enough to carry apparatus . 
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An examp le sho\\ ing the method of determining the strength 
of floor necessary to carry apparatus racks may serye in clarifying 
ideas on the subject. ,\ typical selector rack in an automatic 
exchange will be taken for illustration. Fig. 2 shows the floor 
bearing surfaces and the loads transmitted to the floor by the 

footings of the rack supplied by one particular contractor. -
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l n the design of the rack it is provided that the load taken by 
each rack footing is well distributed over its bearing surface and 
that the area is suffici-ent to keep the shearing stresses in the floor 
within safe limits. 

It would be impracticable to place automatic apparatus racks 
in any standard position r·elative to the steel in the floor and the 
floor must therefore be designed to carry the racks on the assump­
tion that they may be placed in the position which imposes 
greatest stresses. In the case of the Selector Board a study of the 
stresses caused by various arrangements shows that the worst 
position is that in which loads R and S (Fig. 2) lie directly over 
and symmetrical about the centre of a filler joist, as shown in 
Fig. 3. 

.285 /,!,s 

/ 
// 

/-8 

FIG. 4. 

8 
/0/.3' /bs 

,,\s our problem is to find the equivalent uniformly distributed 
load it will be clear that the length of the filler joists and their 
distance apart will affect the result. If therefore we wish the 
result to cover all possible conditions we must again choose the 
worst case and in the following calculations it is assumed that this 
will be given by 8 feet fillers at 3 feet centres. The fill.er carrying 
the heaviest load will be AB in Fig. 3, and its load will consist of 
the concentrated loads R and S and the proper proportion of the 
gangway loading between a and b, c and d, e and f, shown cross 
hatched. The filler is therefore loaded as shown in Fig. 4. The 
two concentrated loads are due to the weight applied through the 
rack footings and the distributed loads to the allowance for gang­
way loading, which is taken as 40 lbs. per square foot. 

The Maximum Bending :Moment on the filler works out to 
39ro ft. lbs. approximat·ely. 
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The equivalent uniformly distributed load " w " per foot run ;s 
given by 

wl2 
8 

= 3910 

3910 x 8 
uJ = -- --- = 489 lbs. 

8" 
489 

As the fillers are spaced 3 feet apart this reduces to 3- = l 63 lbs· 

per square foot, which gives the uniformly distributed superim­
pos·ed load per square foot for which a floor would have to be 
designed to provide for the possibility of placing selector boards 
in any position. 

Similar consideration must be given to all other racks liable to 

be used in an automatic exchange and suitable additions made for 
cable runs before a standard strength can be determined. 

The object of this article is simply to illustrate the relation 
between weights of equipment and floor strengths, and certain 
assumptions have been made which are not strictly accurate but 
serve the purpose in view. 

A TELEPHONE REPEATER WITH REMOTE 
CONTROL. 

By "-\ . C. Trill�lls, B.Sc., A.M.l.E.E., and 
H. G. DAvrs, A.C.G.l., B.Sc., D.I.C. 

As a general rule, in this country at least, there are no circum­
stances which would prevent the control of a repeater at the point 
of its insertion in a circuit. The peculiar conditions necessitating 
the operation of a repeater from a distance were found in an 
attempt to improve speech transmission between the Orkney 
Islands and the North of Scotland. 

Three submarine telegraph cables traverse the Pentland Firth, 
connecting Kirkwall with Dunnet Head on the Scottish Coast. A 
first experimental attempt was made to get telephonic communica­
tion established over the shortest of these lines, comprising 18.28 
nauts of 107/150 cable having a resistance of 183 ohms. The 
attempt was so far successful as to provide reasonably good speech 
between Kirkwall and Thurso, and between Kirkwall and Wick. 
For communication to places beyond \;Vick, however, the circuit 
was not considered satisfactory. The Dun net Head-Thurso and 
Thurso- \Nick circuits were made up of open lines, partly 150 lbs. 
bronze and partly 150 lbs. copper, together with various shon 
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lengths of 10-lbs. underground cable. In order to improve the 
uniformity uf the circuit and make it more suitable for the intro­
duction of a repeater , several short lengths uf underground cable 
\H're cut out. Jt \\as also found that, with a suitable transfer at 
Croxter Junction Pole, the \Vick-Thurso circuit could be made 
150 lbs. copper throughout and similarly the Thurso--Dunnet 
Ilead circuit 150 lbs. b ronze throughout, thus considerably im­
proving the uniform it>·. As regards the position of the repeater 
to be inserted , it \\'its immediately ulwious that the best position 
from the transmission standpoint was at Dunnet Head , where there 
is only a cable hut. The transmission equi,·alent of the submarine 
cable was about 12 S.M., and the equivalents c)f the open lines 

WICK 
..._ 

D 
R R 

R, R - CLEARfNG RELAYS. 

K - SPECIAL K£V CONTQOLLfNG f:>E.PEATER 

KtRKWALL -
r - --, � 
1R1NG!NG U r8 KEY�� '...r-� D 

Se;PARATE GE:NE.RATOR 
FOR LOOP RINGING. 

F1<;. l. �Mo1>JF1E1> l'o1<u ('rncuu, THuRso . 

..J. S .. \l. and 5 S.J\l. n:spectively. No repeater. being considered 
lJet\H'en Dunnet Heacl�·Thursu and Thurso-vVick \\·ere about 
necessary for Thursu-Kirkwall calls, it re\Ilained to be arranged 
fur the Dunnet Head repeater tu be brought into circuit by the 
Thurso E xchange operator \\·hen Kirkwall was connected to vVick 
or p laces beyond. The method of doing this \\·ill be understood 
on reference to the diagTams, of which Fig. 1 shows the modifica­
tion in the Thurso uperat or 's cord circuit and Fig. 2 the arrange-
11wnts at the repeakr itself. Referring to Fig. 2, which shows 
the circuit as cu111iectt�d for T hursu � l\.irkwal l calls with the re­
peater inuperative, the vahT filaments are connected in series with 
the contacts of a Relay 7.\ \\hicl1, wht'n operated, switches on th,� 
\«tlves and also operates 1\Yu Relays 7D, thereby bringing the 
repeater into circuit. Relay 7A is connected bet\\een the mid­
point of the line transfornwr winding and earth, so that the appli­
cation of - 2..J.V to line \\ill operate the relay and s\\itch the repeater 
intu circuit. This upe1«tting voltag·e is automatically applied to 
line from the bath�ry in the ordinary C.B.S. cord circuit (Fig. 1) 
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when the Thurso operator puts Kirkwall through to Wick or 
places beyond. In the normal case, for Thurso-Kirkwall calls, 
a special cord circuit is used, having the battery feed disconnected 
as shown in Fig. 1. 

The apparatus installed at the Dunnet Head cable hut consists 
of two Repeaters No. 3A associated with two Potentiometers 1A 
and the relays already mentioned. The line and balance trans­
formers on the lan'd line side are of type 16A, while on the sub­
marine cable side two special transformers were wound with a 
step-down turns ratio from repeater to cable of 2 .5 : I. These 
transformers were made as nearly alike as possible but without 
gaps in the cores, such as are used in Transformers No. 16. There 
is little danger of change in the core of the cable transformer by 
ringing currents, and earth currents are eliminated by a 4 µ./ con-

UP-----+ 

FIG. 2.-Two-WIRE REPEATER WITH REMOTE CONTROL. 

£•8Tr.,..(1r•'< 
�-·�"-· 
r,..�.�-,Ji"l6A 

�·ela_y7A 

(-.J-··-.J....i) 

denser in series at the Kirkwall ·end of the cable. The balances 
are modifications of the type usually employed for unloaded lines. 
Under the special conditions of isolation obtaining, it was 
obviously necessary to depart from the usual practice as regards 
the valves used, and the repeaters were fitted with dull emitter 
valves (V .T. 28), operating on a voltage of 2.8 with filament 
current 60 mA. These valves have an amplification factor of 
about 6 and an anode impedance of about 20,000 ohms. Dry cdls 
supply the a.node voltage. A portable battery of three '' Exide '' 
DFG cells was supplied for the filament heating and relay current, 
these cells giving a satisfactory output under conditions of slow, 
intermittent discharge, and requiring little or no maintenance 
attention. This type of battery has given good results so far, 
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A TELEPHONE REPEATER WITH REMOTE CONTROL. 

removals for charging being necessary only about once in six 
weeks. The cable hut is, as might be expected, very damp, and 
the repeater with its relays, etc., was enclosed in a special box 
with quicklime as a drying agent, and well sealed with paraffin 
wax. 

The only other modification of the apparatus previously used 
has been the provision of a special generator at Thurso, fitted for 
loop ringing only, to be used for ringing Kirkwall. This obviates 
the operation of the repeater control relay at Dunnet Head when 
the ordinary earthed generator is used. Subscribers at Kirkwall, a 

C.B .S. exchange, cannot operate the relay in clearing their calls, 
nor can \i\Tick subscribers, as their magneto generators are fitted 
for loop ringing only. 

The apparatus as installed has given satisfactory results, im­
provements of the order of ro S.M. being regularly obtained. 
Very good volu1ne from Kirkwall to Aberdeen has been obtained 
and, by the use of a cord circuit repeater at InYerness, Stromness 
in the Orkneys can get through to Edinburgh with good results. 
The introduction of the repeater has opened up new possibilities 
of communication to the Orkney Islanders, and the improved 
transmission is already widely known and appreciated. 

The repeater was made up in the Research Laboratories, and 
the necessary line impedance measurements, etc., \Vere made bv 
Mr. R. B. Ra·e, Scot. E. District, whose co-operation contributed 
largely to the success of the underiaking. 
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THE ANGLO-BELGIAN ( 1926) 
CONTINUOUSLY-LOADED TELEPHONE CABLE. 

By \\-. T. PAL.VIER, \Vh.Ex., B.Sc. (Hons.l. 

" There i:-; no sound , no cd10 of sound, in the deserts of the d{-'cp; 

Hush! l\len tnlk to-day o'er the \\·ast<e of tlw ultimate slime, 
. .\nd a llf'\\. \Yord runs bPt\\·een: whispering · LPt us l)c one.' '' 

JusT before dawn on the morning of July 3oth, i926, the 
connection of the largest telephone link bet-vveen England and the 
Continent was completed in the grey waters of the North Sea by 
the cable ship "Faraday." This link-the Anglo-Belgian (1926) 
continuously-loaded, paper-core, submarine telephone cable-was 
manufactured at \VoohYich by Messrs. Siemens Bros. & Co., Ltd., 
to whom the task of laying was entrusted. 

The total length of cable manufactured consisted of five ro­

naut lengths and one spare 5-naut length, which were joined 
together in the works to form two main portions for the purpose of 
laying-20 nauts being laid from La Panne (Belgium) and 35 nauts 
laid from Dumpton Gap (England)-approximately 6j nauts being 
cut out and a joint made at sea. A cross-sectional view of the 
cable with the colour scheme is shown in Fig. 1. There are seven 
quads (28 conductors) making a total of 21 circuits-2 side circuits 
and r phantom for each quad. The constituent conductors are 
solid copper of 0.08 inch diameter. Each conductor is wound 
with a layer of 0.008-inch diameter special iron wire to increase its 
inductance, and insulated by four layers of paper. The cable core 
is surrounded by two seamless lead-coverings with a compound 
filling between. Over these two layers of bitumized paper, served 
with tarred jut·e, form a bedding for the armouring of 26 galvanised 
iron wires each 0.232 inch diameter. Above this lies a double 
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ANGLO-BELGIAN (1926) CONTINUOUSLY-LOADED TELEPHONE CABLE. 

layer of jute and compound coating. The total diameter of the 
cable is 2.58 inches and its weight 26! tons per naut. The length 
after laying_ was 48.40 nauts. 

Owing to unfavourable conditions when the shore end of the 
cable was landed at La Panne, the encl had to be left 240 yards from 
the hut. Until an extra length of 240 yards of cable \Vas shipped 
from England and connected through a sea-joint on the beach to 
the cable hut, the necessar_\· tests in co-operation with the cable ship 
were conducted from two bathing machines in which the cable end 
and apparatus were shelter.eel. See accompanying photographs. 
From these improvised testing places cross-talk measurements 
wer·e taken on all quads, during the making of the joint at sea, 

FrG. 1.-CRoss SECTION OF CABLE, FULL S1zE. 
RJ 81 IV1 D1snl'(c:urs1mn m· OI<ANGE PAPER PACKING PrncEs BET\\'EEN TIIEM. 

by the aid of a switch on the " Faraday," which enabled, if 
necessary, the wires in a pair or the pairs themseh·es to be crossed 
for the purpose of reducing the cross-talk. The results of these 
tests not only showed that considerable reduction in the readings 
of the cross-talk meter could be obtained, in some cases, by :i. 

selection at this sea-joint, but also emphasised the liability to split 
pairs owing to the presence of two white cores in the same quad 
(Fig. I). 

To facilitate the manipulation of the cores during work at sea 
on cables of this type and to get the best results, even where dis­
tinctive colours for each core in the quad may be used, the import­
anoe of a rigid programme, agreed upon by all those actually 
taking part in the tests, cannot be too greatly emphasised, and 
once drawn up only unavoidable circumstances should interfere 
with this programme. 

. 
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,\NGLO-BJ•:LGL\N (1926) CONT!NliOLJSLY-LO.\DED TELEPHONI' CABLE. 

From tests made on the cable after it was joined through to the 
hut at La Paone, the following results are taken:-

DIRECT CURRENT TESTS. 

a. id ean conductor resistance of the 28 cores = 9 .89 ohms 
per naut. 

b. l111ean insulation resistance, measured with 170 volts, 
bet\Yeen each core and all the other cor·es earthed and after I min. 

electrification = 32,000 megohms per naut. 

BATI-TING M.1cmr.:Es USED _,s TEST HuT. DR. RosEN IN SHIRT SLEEVES. 

FLOATING J.N SHORE END l\T LA PANNE. 
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ANGLO-BELGIAN (1926) CONTINUOUSLY-LOADED TELEPHONE CABLE. 

FINAL PULL AT LA PANNE. LADIES NOT INTERESTED, 

ALTERNATING CURRE::\T TESTS. 

a. Transmission Efficiency and Distortion. Each circuit vvas 
measured for its attenuation con stan t and characteristic impedance 
from both ·ends with a testing current of r m .a. at a frequency 
corresponding to an angular velocity of 5,000 radians per second. 
The mean results are shown in Table I. 

TABLE I . 
.Yl'TE'.'\ll::\TlON CONST.-\NT :\ND CHAR,\CTERIST!C IMPEDANCE AT 
"' = 5000 R,\DS.,'SEC. FOR LEN\;TH OF C.-\BLE = 48.40 N,\LJTS. ML\N OF 

TESTS FROM E.\CH END. 

Circuit. 

Average of the 12 pairs in the 

\ ,\ttcnuntion Constant Ch'1rnctcristic 

I per N aut. lmpccl:rnce in _ 
Loop= f3 \'cctor Ohms=Zol'Po -- - ------ ------· ···-·- - - - --- - .--·-- ----

From From From ii From 

Ln Pannc. Dumpton La Pannc. DuGmpton 
Gap. ap. 

outer quads . . . ... "' 
I 

.027_:; 
- ------ --·-· -·- - .. - - ---- ---- - 1 ---
Average of the <i outer phantom 

395 I 9°2' 

t58 l9°1s' · circuits .033 1 

Average of the 2 pairs of the 
centre quad .0273, 

.0332 

.0274 
---·--·----- ------- ------ ----- ----- ----

Phantom circuit of centre quad .0332 .0332 

From Table I. the side circuits of the cable are found to be 
approximately equivalent to 12.5 M.S.C. and the phantom circuits 

to 15. I M.S.C. 
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.\NGLO-BELG I:\ N ( l<J2(i) CO:-.JT!'.\T UH_; SLY-LO:\DED TELEPHONE CABLE. 

The variation of the a L1 en uat ion constant \vith frequency for a 

selected pair and phantom is shown in F i g. 2. From the curves 
in tbis figure it can be shown that the mean distortion for the side 
and phantom circuits bet \\een u) = 2,000 and ui = 12,500 rads. 
per sec. is equivalent to a (31 of approximately 0.322 or an equiva­
lent distortion of nearly 3 .i\LS.C. 111 either case. 
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Frc:. 2.-:\[r;.1:--: .\TTEKi:.'.TIOK-F RE<JUE>:CY C1-T.1EACTRmsncs FOR SrnE AND PrrANTO>r 

Cil<CTITS 01' T!lJ·: .\Kt;i.O-BEU;I.\:\ (1926) SCD:\L\Rl:\E TE!.EPHOKE C.1BLF., 

The arrangement of the apparatus used to obtain the curves in 
Fig. 2 is given in Fig. 3 (see article by H. F. Mayer in " Elek­
trische r\achrichtc"n-Tcchnik," Vol. 3, �o. 4, for April, 1926). 
This is a much simpler and quicker method than the " open and 
closc:c.l impecbnce " 11wthod, and clieck tests made by the latter 
;1g-reed exactly \vitb the results of the former. In Fig. 3 silence 
\\·as obtained iP 1iw telt'phonc: Jw �1cljusting the frequency f and 
the resistance r. Then the follO\Ying- rel a t i on holds if tlw line is 
electrically long:-

1,l V, r + 2R 
Cl-' = = 

V2 r/ 2 

where V, niltage ;it sending end of cable. 
V2 = voltage at receiving end of cable. 

(3 = attenuation constant per naut 1 oop. 
l = total length of circuit in nauts. 
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Hence (3 = �- lo,v, 
.:l(r + 2R) 

l "' 
r 

By reversing the connections on one pai r intermediate values 
of "' can �e obtai n ed and assuming 

o. "" 2rrf v CL =� (J) v C-L 
where o = \Y:tve-length constant per naut loop. 

C = capacit_\· of cablP, in farads, per naut loop. 
L = inductance of c1ble, in henries, per naut loop. 

\Ve hm·e the intervals ,,,, between the values of "'· for which 
silence is obtained in the telephone , given by 

r\J Osc1Lt-A TOQ 

Fl)£QUE;NCV 
MCTER 1 

c 

RA ""' OvrPuT ADJUSTABLE REsrsrANCE 

x 

c "" £3ALANC£D & SCR£.£.N£D TRANSFORN1EI.' 

R "" F1XED RES15TANC£ NON R£ACTfV£ 
/OOO OHMS EACH 

f' A0Jus1ABLE R£s1s1ANc£ 

p -= SPLIT PRIMARV OF" BALANCED B; 
SCREENED TRANSFORMER. 

s 5£.CONOARV OF B 8 s " 

length of circllit 111 nauts. 

R MtLLJAMM£TER 

�=��=] 
c 

p 

TELEPHON£ 

Frc. 3. 

The ach·an t ages of this method are:-
( r) It can be used on lines too long for tlw application of the 

open and closed impedance method. 
(2) The value of (3 is easil: calculated and the rt'qllirecl curn 

dra\vn whilst the test is in progress. 
(J) The value of the frequency does not enter into the calcula­

tion for /3 and nPed nnt lw knm\·n with extr'l'llW 

accuracy. 

/J. [ 'niformity n( 7�/cctricu/ Constants. The uniformity of 
Plectrical constants--resist<tnce, inductance, capacity and leakance 
-can he investigakcl by plotting thf' impedance-frequency cun-e 
of each circuit and noting ho\\ far this ctirYe cleYiates from a 
smooth rnPan run·p drawn throu.gh it. .\ s11ddPn chn.ngt> in the 
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,·alue of one or mure uf the constants will result in reflect ion uf 
tlw current and nlltagt' \\an'S at the change of impedance and, if 
the change lw big t•110ugh, \\ill cause the impedann,-frequency 
curn: to he undulated. 

In the case of tests made on this type uf cable the mean im­
pedance-frequency curve of Pach ci rcuit has, gent'rally speaking, 
a "falling" characteristic, i.e., ont, in which the impedance 
decreases \vith frequency . The explanation of this is considered 
111 an Appendix, ,,·here it is shmYn th at the characteristic imped-
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<lF .\�t;TO-RI·:U:LI� (1q26) CABLE. 

ance Z,, of a hypothetical loaded cable having uniform constants 
throughout its length has a magnitude giHn by tlw formula: 

Z0' = ,VI, + N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (1) 
(J}-

where :\J and .:'\ an· constants for till' cable under consideration 
�111d w = 2-. x frequenc.1· of tt'sting current. From this expression 
it is eYident that as '" increaSt'S, Z,, decreases. 

Furl lwr, the angle  rp,, of t lw \Tctor impedann' Z,, is given Yt'rY 
closely b:· the exprt'ssion 

Tan 2rp,, = - _h_ . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (2) 
,,,L 

\\here Land h atT nmstants of the cablt» 



ANGLO-BELGL\N (1926) CON1T\'LOLTSLY-LOADED TELEPHONE C,\BLE. 

From equations (1) and (2) the resistance and reactanoe com­
ponents have been caluculated for a hypothetical cable having the 
average constants of the side circuits of the Anglo-Belgian ( 1926) 
Cable, and are shown in Fig. 4, together with similar curves 
obtained by mea.surement on the actual cable. It will be seen that 
the hypothetical curves form good means of the actual curves. 

From tests made upon the separate 10-naut manufactured 
lengths it was known that the 20 nauts on the Belgian side of the 
sea-joint hav·e a slightly higher average capacity than the length 
of cable on the English side of the joint. This discontinuity of 

410 

Encl terminated at Dumpton Gap by Z0 : Length of 
circuit 48.40 nauts. 

Encl looped at Dumpton Gap with Pair zli-28 ancl tcnnin­
atecl at La Panne by Z0 : Length of circuit L/i.80 nauls. 

+ 

�-80 
:i: 
Cl 

4 6 12 13 ,. 

Values of w = 2 rrf x 10-� 

FIG. 5.-llVIPEDANCE-FREQUENCY CHARACTER1ST1CS OF PAIR 25-27 'f.'\KEN FRO�'f 
LA PANNE \VITI-I TESTING CURRENT OF I M.A. 

uniformity has affected the impedanoe-frequency characteristics of 
the circuits by producing an undulation vvhich 111 some cases is 
ill-defined, but in others, especially from La Panne, is quite 
distinct. All the circuits ·were test·ed for impedance oYer a range 
of w from 2,000 rads. per sec. to 13,000 rads. per sec., and as 
typical examples, Figs. 5, 6, j and 8 are given. Fig. 5 refers to 
the centre quad and the dott.ed curve shovvs the result of testing 
with pair 25-27 terminated at Dumpton Gap by a resistance 
adjusted to he equal to the real part of the charact·eristic i mpeclanoe, 
and giving a circuit only 48.40 nauts in length-approximately 
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:\\'c;U)-BELGL\N (1926) CONTL\JUWSLY-LO.\DED TELEl'l!O'.\IE C.\GLE. 

t2.5 M.S.C. It \vill be seen lhat tbis clotted curve has " bumps" 
\ri th a period of roughly vJ = 2 ,000 radians per second, which 
indicates reflection at about 48 nauts from La Panne, i.e., al 
Dumpton Gap, and is due lo the absence from the termination of 
the reactive portion of the characteristic im pedance-the ratio of 
the reactance to the resistance portion being of the order of 20% 
at the l ower frequencies where the am plit udes of the "bumps" 
are greatest. The full curve \Yas ob!ained by looping pair 25-27 
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WITII .-\ TESTING CuRRE:-.JT OF r r.LA. 

to pair 26-28 at Dumpton Gap to give a circuit 96.80 nauts in 
length (approximately 25 M.SC. and approaching the infinite 
line condition), whilst pair 26-28 \vas closed at La P�urne through 
a resistance which v;as varied with !he freque n cy to be equal to 
the real part of the characteristic impecbnce. It is interesting to 
note that the bigger undulation has roughly a period of w = 5,000 
rads. per sec., which indicates reflection at a distance nearly 
19 nauts from La Panne, i.e., near the sea-joint, and it is in tha1 
region \vhere the change of :iverage cable cap:icity, a lready 
referred to, takes place . 

Figs. 6 and 7 refer to tests on pair 1-3 l o oped to p:i1r 2-4 

* Sec l'aper :lo. /() uf the I.P.O.E.l·:., by RobinsDn and Chan111ey, p. 112. 
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.\'.\GLO-BELld.\\' {1q2111 Co\'Tl'\l OLS!Y-LO.\lll·:ll TELI:PHONE CABLE. 

(circuits in an outer quad) taken from La Panne and Dumpton 
Gap. 

Fig. 8 gives the resistance-components of the phantom circuits 
for the centre and one outer quad. 

These ctirYes are dt«rn·n to a large scale and in Figs. 6 and 7 
the maximum deyiation of each from a l11t'iin curn' is less than 
± 2%, whilst in nu case did tlw Yariation e:-;.ceed ± :;%, the figure 
guaranteed by the :\lakPrs . 

c. !11tcrferc11cc /Jctwcc11 Circuits. Cross-talk measurements 
\Yt'W made on an t>quiYalPnt current basis ( 1) \Yith the P.O. 

410 

-40 

:j� 

- �11 

' T 
---+ -+-;.+,.. 

''I" C nflHlt ;T 
4 6 

j ' - } 
' 

:t I 1 ' 

F1L;. 7. -- L\l.'-;ED.\!\CE-F1�E<JUE,'\t y CJJ.\l�.\L'TERISTlC:-- rAhES FHOM DL·:.u'TO>.: G.\P O:\' 

PATH. 1-3 \\'JTlI ,\ rrE�Tl�(; CoRRENT OF I M.A. 

apparatus using a \\'estern Flectric Cross-Talk l\leter, which 
l'Xpresses the induced curn·nt in millionths uf the inducing current, 
<tnd (2) \\ ith tlw Siemens and l lalskl' apparatus, \Yhich expresses 
t lw interference hehwen circuits in /31-units. In hoth of these 
methods, if the true \·alue of tlw interfercncl' lw n·quired, it is 
nl't'essar.1· to make allo\\ance for tlw effect of the l'ncl apparatus 
and for the difference in impedance between the disturbed and the 
disturbing curcuits. 

One of lht> chief object ions to measuring intl'rfrrence \\ itb 



.\:\l;Lo-BELl;L\� {l<J2ll) ['()"\'\'1\L OlSl.\·-Lo.\Dl·:Il TELEl'llO\E l·.\BLI·:. 

spet'clJ or reed hummer (largeh· counterlialanced by the celerity 

and simplicit\· of the method) is due to the fact that very often the 
ohserYer has lo judge eq u ality lwt\veen two sounds of different 
timbre. This differenct> may be so great that even experienced 
observers will record different results. To give examples of the 

difference the results of t\rn such obseryers , X and Y, are given in 
Tables III. and IV. 

(1) Tests with P.O. Apparat·us. The cross-talk between cir­
cuits within each of the seven quads was measured, using speech 
as the source of disturbance-S<:'e Table II .-and also with a reed 
hummer for the disturbing source-See Table III. 
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The results in Table II. are simply the meter readings, but in 
Table 11 I. the actual readings have been correctl'd lo allow for the 
dfrct of external apparatus and for difference in impedance between 
the dis tu rhed and dis! urbi ng circuits"'' and then converted to 

/31-units. 
The maximum cross-talk reading obtairwd beh\een circuits in 

different quads with speech did not exn·ed IJO and in most cases 
the reading was less than 20. 

* See Paper hy :\. Rosen, Journal !.lc.E., p. :-<4q, \'ul. h4, August, lf)26. 



!\NGLO-BELCL\N (1926) CONTINUOUSLY-LOADED TELEPHONE CABLE. 

(z) Tests wilh Siemens and Halske Apparatus. Cross-talk 
results obtained with this apparatus are measured directly in 
/3l-units. 

A reed hummer was used as the source of disturbance and 
Table IV. giv.es the results obtained for side to side and phantom 
to side cross-talk in each of the seven quads, corrected to allow 
for encl apparatus and for different circuit impedances. 

The corrected figures in Tables III. and IV. agree fairly well, 
and most of the ·existing differences are probably due to the 
difficulty mentioned above. 

TABLE II. 

CROSS-T.\LK \VITHIN QlJ,\DS ML\Sl!RED WITH P.O. APPARATUS. 
i\Icter readings taken with the c.listant -end of the cable closed through 

coils by ils characteristic impedance. Meter in parallel. 
repBating 

RW1 = Reel-White pair of the quad. 
BvV, = Blue-White 

+ = Phantom circuit " 

SOURCE OF DISTURBANCE-SPEECH. 

Tests from La Pannc (Hut). I Tests from J)umpton Gap (Hut).* 
--- - ------ --- . --- -·-------- 1 ---------, -------

Speaking on:- Listening on :- [ Speaking on :- ! Listening on :-

Qu:1c!. 

G 
(Centre) 

A 

-- - - ------ --- -- -I - - --- -, -- '
1------· 

Cct. R\\·_,__ I
. 

_Bv:2 -l-+--1-�1''.rl· __ ! _cct. , RW1 i _ B�� 1 - + _ 

R\\". - I !00 -, 700 I RW, ! - I 200 I_ 550 
[)\\": lOO ·1 - I boo 11 G 1 BW, i 190 . - • 370 
+ I Soo CJOO - '\(Centre) · + 1 Soo i 430 ' -

RW 1--:::__ 
l
-1:;-l-�00--::-:----- RW1 

l.--_:::·-1,-�-j� 
mv: 140 I Soo ! A I BW_ I 130 i 350 ;w' 

. 

- i 
400

- 1-1:::-
1
�;0---;- [---. :w-, l�:o __ I ::;-+� ___:___ r�_w, -1��� _ _ 1_ ;o I_ 600 1 1---�- , �v, i ���--1 700 l 6:_ 

��-� �o I �
o 1.

. 

I��� ii!. C ' ��'. I ;60 I 230 

I ��� c 

[) 

E 

+ !OOO I 1400 I - \' + I 900 600 -
I I , , 

-----;---- 1--- -----, --- --
- , ---- ---

R\V, \ 130 I Soo •1 I RW1 \ 1  I 140 4So 
BW, 130 I - Soo ' D ' BW, I 140 Soo 
-r 

-
- - !OOO-- I 2_000 __ i ___ j - -- - - � -

1 
_ __2�()--i-_�2

00 -
R\\', ' 1 - I 130 I ')DO I 

'
, RWI I - I 90 1!00 

B\\'2 130 
1 - - I boo E ' Bv\12 11 80 . - 4:;0 

+ 700 I 800 I - I + i 1600 ! 750 I -
-----R\� 1 ----=--:--;-�;;-1-s;;�-

- -

RW, 1----=-1�� 
F BW, 130 ' Soo F BW, 280 ' 400 

+ !OOO 1000 + 700 450 

* During the laying operations, 500 yards were cut from the English end and 
this is probably the cause of the fact that the average side to side cross-talk figures 
from Dumpton G;:ip are higher than those taken either in the \Vorks or at La Panne. 
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TABLE III. 
CROSS-T.\UZ \\Tf}J l::\ (jL\DS :\fE.\SL:J�ED \YITI-I P.O. ,\PP.\R,\TuS. 

SOL'RCE OF DISTnW.\:t\CE-REED lilYL\IER. 

Testing Condition' as in Table 11. 

Quml. Rcd-\Vhile to Pha11ton1 to Phan(orn to 
13lue--\Vhite. Rc·d--\Yhit" Pair. Blue---\Yhile Pair. 

G 
A 
B 
c 
D 
E 
F 

l\lctcr 
RPatling. 

x y 

70 50 
200 I 250 
150 200 
100 .1 JOO 
120 JOO 
130 IJO 
130 Jbo 

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

Corrected 
(3/-units. 

x y 

<).() 10. l 
s.s S.5 
(j.O 8 e ·o 
q.4 9-4 
C).3 9·4 
(j.2 CJ.2 
q.2 i 9.0 

:lktcr ( :orrected 
Reading. (JI-units. 

x y x y I 
I I ---- - -- ---- -

I 1200 1 300 /·,) 7 ·5 
! 900 1200 /.8 7.5 

JOOO 2000 7.2 7.0 
1000 J400 7.7 7·4 

Soo 800 7.<J 7·9 
J400 1400 7.7 7.7 
2000 2500 7.0 6.8 

TABLE lV. 

-------- ··· 

illetc•r Corrected 
Rending. .BI-units. 

x y x y 
______ ,_ 1- ' 

qoo 1500 7··+ 7.3 
1/00 2000 7.2 7.0 
1200 I 1200 7.5 7.5 

!' 
1200 1600 7.5 7.2 

2,:;00 .\OOO 6.8 6.6 
11 1200 1100 7 5 7.6 
11 2500 2500 6.8 6.8 
, , 

[, 

CROSS-T.\LK WIT!!!:\ \_)L .\DS :\IE.\SLRE!l vVITI-1 SIEMENS & H.-\LSE.E 

APP:\RATLJS. 

SOLJRCE OF DISTLTRI3:\NCE--REED I-IUW\lER. 

Resistances Used al Sending End insl!'ad of Repcciting Coils: P.O. Distant 
Encl Sets used. 

I Rc·cl-Whitc to Phant om to Phrn1tom to 
Quad.' Blue-\X/hite. Red--\\·'hite Pair. Blue-\Vhitc Pair. 

G 
A 
B 
c 
D 
E 
F 

------· 

!\Teter Corrected Meter 
Reading. 

i 
.BI-units. R('acling . 

x y x y x y 
I ___ -- I ·-- - : - ·--· 1 -

I I 
10.0 q.5 9.7 <J.2 9·3 9.2 
S.7 S.8 8.4 S " · o 9-4 9.4 
9.0 8.9 8.7 8.6 8.9 8.9 
9·7 9.7 9-4 9-4 9-4 9·4 

9· 5 q.6 q.z 9.3 I q.6 ().5 
().3 q.4 (j.O (j.I 9.1 9.3 
9· I 9.0 8.8 S.7 8.8 8.8 

Corrected 
/31-units. 

x y 

7.6 7.5 
7.7 7-7 
7.2 7.2 
'/·7 7-7 
7.9 7.8 
7 -4 7.6 
f. I 7.1 

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

Meter Corrected 
Reading. (31-units. 

x y x y 

9. 2 9.2 7.5 
q.o 9· I 7.3 7.4 
9·3 9.2 7.6 7.5 
g. I 9.3 7.4 7.6 
8.6 8.7 6.9 7.0 
q.5 9·.S 7.8 7.8 
8.8 8.9 7.1 7.2 

d. Magnetic Stability. )1. direct current of 100 m illiamperes 
sent through one core in ;1 quad produced an approximate increase 
of inductance of only 0.2%. 

"-\ repeater station is being constructed at La Panne in which 
this Anglo-Belgian cable \\·ill be terminated and from which will 
radiate continental land circuits, further repeaiered, each many 
hundreds of miles in length. From Dumpton Gap the cable will 
be juinecl through to a repeater station at Canterbury by means of 
i8� miles of Janel cable of similar construclion to the sea length 
(except for tlw armouring) and ba,·ing the same electrical 
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dwracteristics. Thi s land cable has been separately tested and 
found to lw satisfactory, and further tests on the completed cable 
from Canterbury tu La Panne v\ ill be made as soon as the jointing 
operations are completed at Dumpt<Jn Gap . 

. \PPEJ'\DIX. 
REL.\TIO:\ llET\\'EI·::\ THE Cl-L\R,\CTERISTIC J?llPEDA'ICE OF ,\ 
CO:\TI :\ l 0 l SL \-LO.\DE!l C.\ BLE .\'\]) THE FRE<Jl'F:\CY OF TEST-

1:\'t; CliJ-1.RE.:-JT. 

1 n tlw cast' of a hypoth et i ca l cable h;l\·ing perfect ly uniform 
electri ca l constants throughout i ts length, the characteristic im­
pedance, expressed in n�ctor ohms, is given by the expression-

z 1-= JR -t- jwL 
0 <Po 

G + jwC 

''here <1> = 2ir x frequency of testing current. 

by 

R = resistance per unit length of circuit in ohms. 
L = inductance , , ,, ,, , , ,, henries. 
G = leakance , , , , , , , , 
C = capacity , , ,, , , ,, 

Z0 = the rnagn it udt' of the vector and 

,, mhos. 
,, farads . 

1s given numerically 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (rJ 

<Po = the angle of the vector and is found in magnitude 
and sign from 

Tan 2rp0 

wL wC 
-R- -G 
---v-i2""'r-,c"" · · · · · · · · · · · · · · · · · · . .  · · · · · · · · · · · · · . .  · · · · · · · · · · . .  · · ( 2) 

+GR 
\\'e can obtain Z0 and rp0 in terms of <1> from equations (1) and 

(2) "·ith sufficient accuracy by substituting for R, L, G and C the 

fol lowing expressions obtained by observation on continuously­

loaded cables alreadv manufactured:-
H. = aw2 + b 

and G = dw for values of w throughout the audio-range and 
where a, b and d are constants fur the particular cable under 
cur.sideration. 

Land C ma\· he conside red as constant within the audio-range 
of frequencies. Hence:--

Zo = v ( ,!0;�2�,2-l�-"-;2,,;�"[2 
and .". Z04= �! + N + Q (J)" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  (3) 

"' 
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where M, N and g· are constants ; M = - -b_" -- N = 
2ab + _L" C2 + d2 ' C2 + d2 

a" 
and Q = c-·-0 -·d-". 

- + -

By differentiation of the right hand side of (3) with respect to w 
it will be seen that the slope of the impl�dance-frequency curve will 

1 . t. 1 f IM )(' negattn' or ya ues o '" up to ,,, = � 
Q 

. In practice, the 

\·alue given by ui =JM r! is always far beyond the upper limit of 

important speech frequencies and further, the value of Q(t)" in 
comparison with :\l/(J)" may he neglected. Hence ''c'C may say 
that in a continuously-loaded cable the 7Jalue of the characteristic 
impedance decreases with increase of frequency 71er:_v nearly accord­
inp; lo the la'Zt'-

z ' .\I :\/ 'II = -j- ' 0 0 • • • • •  0 • • • • • • • • • • • • •  0 0 • • • • • • • • •  0 • • • • • • • • • • • • • •  • • • •  • • • • • .(4) 
(1) 

Equat ion (2) can be written 

(J)L� - C aw2 + b 
Tan 2rp0 = ------w_,..L_C ___ .

. . . .
. .

.
. . . . . . . . .  

· · · · · · · · · · · · · . .  · · (5) 
d + -----

ll">" + b 
Differentiating with respect to ''' 

� (TaE!rf>_� d w 
L (C2 + d2) (b - aw2) 
. (denominator)" 

This last expression is +ve if b > l/(!)2• In practice bis always 
much greater than aro2 within the audio-range of "» and therefore 
the characteristic angle <p,, (as given by cqnation 5) increases in a 

! ve dfrcction as <•> increases. 
As a furthr-r clost> approximation for the angle '/'" the tPrms 

containing d and a in equation (5) m<ff lw neglt>ctt>d, gl\·mg 

Tan 2rp0 '=; - �� · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (6) 
-- --- - - --- ----- --

From (6) for small Yalues of 'P" \\<' have 
I . ] qi" a: approximate \ .. 

(>) 

Example :-lTsing· equations (4) and (6) thE' hypothetical resist­
ance and rE'actance components (Z., cos </i., and Z11 sin rp0 rt>spectiYely) 
for the chracteristic impedance of the side circuits of the ,\nglo­
Helgian ( rq26) Suhm<nine Telephont> Cahle haYe ht>en cci\culated 
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and are given in the Table below. They are shown plotted in 
Fig. 4 together i\·ith similar curves obtained by measurement on 
the actual cable. The values of the constants for this cable are as 
follows:-

From which \ve have 

a = 0.025 X 10-G 
b = 20.2 

C = 0.089 X 10-G 
d = 4.0 x 10-10 

L = 12.7 x 10-3 

M = 5.151 x 10 1" 

N = 2.002 x 1010 
Q = 0.05051 

TABLE SHOWING I-IYPOTI-IETIC.\L Il\JPEDANCE COMPONENTS FOR 
ANGLO-BELGL\N (1926) SIDE-CIRCUITS. 

tu 2 ooo I 3 ooo I 4000 5000 i Gooo 8000 I 
10000 1 2 ooo 1 4000 

zo :- 420-- ! 401 i __ 301_=11 3;6 [_3�3---: 38:=1---3��� -I 378 _l 377 
,;:: '_:_ 1-0���1 1,-� 58' i-10° 521 _::-

s0_�� 1
1
-7° 26' 11 -5° 371 I -4° 311 , -3° 471 1 -3° 151 

R, 402 380 384 --�Sr ___ �·· 379 -i- 37_8_� :-=-_ 3��-1-=n; � __}_77 
x 0 

-96 -73 -59 -37 -30 i 
-25 I -22 

CABLES BY 
ACTION. 

CORROSION OF LEAD-COVERED 
ELECTROLYTIC ANO CHEMICAL 

A St:B-COi\L\JJTTEE or the Comitt� Consultatif International des 
Communications 'ft'lephoniques a Grande Distance (the C.C. l . ) 
met at Berne, S" itzerlancl, on the 13th September, 1926, to prepare 
rPports on 11w abon� subjects for prPsenU1tion to the plenary 
meeting of the full Comrni11·ee Ji.pld in Paris on 29th Nm·emher, 
1926. The Sub-Cornmittef' consisted of Engineers from the Tele­
phone Administrations of France (3), Germany (2), Switzerland 
(3), and Great Britain (1), the Chairman being Dr. Bresig, Ger­
many. The Committee also had the assistance of M. Bourquin, an 
engineer attached to the Swiss Permanent Commission on Corr·o­
sion, a body concerned so le!)' with the pre\·ention ar>.d mitigation 
of the effects of ele ct rolyti c action lly stra.1· current from electriol 
syst·ems. This Commission is composed of repn·se n tat ives from 

J70 
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the Swiss Society of Gas and '\Vater Industries, the Swiss Union 
of Secondary Railways, the Swiss Association of Electricians , and 
the Svviss Direction General of Telegraphs. Agreed regulations 
of a comprehensive character have been drawn up by the Com­

mission and special investigations are carried out as required by 
its engineers. 

The Sub-Committee was very fully engaged for 6 clays thrash­
ing out the subjects and preparing the reports, but had a little 
relaxation one afternoon when, as the guests of the Swiss Tele­
graph Administration, they ·were taken for a motor trip to Beaten­
berg, above Lake Thun. The group photograph on this page was 

Left lo ·ri,i;ht: :-M. Trcchscl (Switzerland), i\L Bourquin (Switzerland), Dr. Jaeger 
(Germany), M. \'alensi (Secretaire-(;cncral C.C.L), M. Muri (Switzerland), 
!VI. Bartholomew (Great Britain), M. Milon (France), Or. BrPisig (Gcrm:1ny), 
M. Collet (Francr), Or. Forrer (Switz,.rl:1nd). 

taken at Beatenberg and shows the members of the Sub-Committee 
with the Eiger, Monch and Jungfrau in ihe backgrou nd . The 

trip was most enjoyable, the weather being perfect and the arrange-­
ments made by the Swiss hosts for the comfort of their guests 
were most excellent. 

Mr. S. C. Bartholomew, the representative of the British Post 
Office, unfortunately m et with an accident on the day he was 
returning to London, when, mxing to the sudden stopping of a 

train, he was thrown along the corridor and broke several ribs . 
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Iv TELEGRAPH AND TELEPHONE PLANT IN THE UNITED KINGDOM. 

TELEPHONES ".\ N D \\'IRE MILEAGES, THE PROPERTY OF A:\D MAINTAINED BY 

THE POST OFFICE I:\ EACll EXGINEERlNG DISTRICT AS ".\.T 20TII SEPTE�lBER, 1926. 

No. of 
Telephones 
owned ;u1d 
maintained 

by the 
Post Office. 

.104,809 
61,502 
66,21 T 
48,487 
84,688 
63,566 
54· 184 
88,294 

139'359 
82, 148 
56,047 
42,013 
J(),292 
;8, 182 
78,346 

T ,447, 128 

I ,424,786 

Telegraph. 

5()8 
1,881 
4,496 
8,_)(Jl 
8,635 
4,872 
4,851 
8,277 
l, . .::;8.:; 
11,053 
3,645 
2,J 12 
4,811 
.'i..lS6 
7-4:\h 

73,169 

73,131 

Overhead Wire Mileages. 

Trunk. 

.. t,181 
21,450 
27,752 
32, 764 
.p,007 
28,.J-fh 
29,085 
2.j,885 
17, 165 
30,865 
LJ-,I/X 
1 5,728 

b, .. p 7 
23,525 
2_;,806 

3:;2,254 

349,769 

Exchange. 

53,901 
60,247 
48,572 
45,233 
53,793 
61,843 
47,451 
45,812 
42-481 
43,302 
35,443 
23,386 
12,573 
.J4.G72 
-fO,S.J4 

645,430 

Spare. 

--------

444 
l ,78,) 
2,183 
3,254 
3,868 
3,771 
2,158 
4,983 
2,82 I 
2,963 
1,745 
2,480 

278 
1,26q 

812 

36,056 

Engineering 
District. 

London 
S. East 
S. \Vest 
Eastern 
N. 1\firl. 
S. Mid. 
S. \Vales 

N. \Vales 
S. Lanes. 

N. Enst 
N. \Vest 

North 
lrclnnd N. 
Scot. East 
Scot. \Vest 

Totals. 

Figures on 
3oth June, 

1926. 

Telegraph. 

23,780 
3,827 

1,-), I 14 
13,872 
22,(J_.:;8 
r2,�54 
5,,.::;22 

12,_.;96 
12,662 
10, 1_.;8 

8,586 
4,-f'l3 

142 
z,()73 

12,258 

160,895 

157,729 

Underground \Vire Mileages. 

I 

Trunk. ! Exchange. 

58,-fJO 
39,424 

7,298 
29,043 
.p,544 
18,264 
2 I, 1q8 
31i,87G 
74,448 
j/,q85 
3 i,376 
ro,106 

2 "I " 
S,q7 I 

22,_q3 

437,757 

419,852 

r,747,012 
130,703 
ll 1,70+ 

74,8yy 
176,2()() 
124,7-18 

94,5qfi 
lC)I ,C)O.) 
407,G 1:; 

188, Iqq 
130,58-1 

81 8.;8 
35,562 

l q,8o(i 
200,2,�J 

3,8rn,671 

3,654,998 

Spare. 

69,061 
iG,271 
55,937 
65,676 

124,076 
84.845 
69,615 
55,971 
43,366 
4�\,329 
37, 180 
55,348 

712 
.10,944 
33,407 

805,738 

725,002 

r:i 

,.. 

,, 
.-
-:; 

;_.. 
/'. 

;--

-:; 

� 

/'. 

.-
/'. 

·,.-: 

7. 

·� 

;;;-: 

z 
C'. 

9 
"" 



THE RUGBY RADIO STATION. 

THE Rugli_1 i<.adio Stiitiun ol tlw l)ritish Post Oftin is situated 
:it llillmortun, ;tl)(Jl!l-+ !llil1·s ''1iwh 1«1st of R ug·hy, ;1:1d occupies a 
sitcc about 10 111il1·s l1ing li_1· 1 rn il1· 11 ick. The sia1;1m buildings 
an" erected at abu111 tiH· m;ddk ui LiH: sill'. (see Figs. I and 2). 

1'1i\\1i1' StPl'Ll. 

The rl'btin· ach:mtages of eitlin insuilling prime movers 1Jr 
purchasing a ln;lk �;upply uf po 11n \\TH' inn"stigated, 11ith the 

result that it 11as d1,cidc·d to ohu\in a hulk supply from the Leices­
tnsliin· and \\.an1icksl!iIT Eifftri1· P1i11n Co. Tlw incoming 
supph is thn·1·-p h :1s1 · . 50 c_1Tk, altc rr :11in:,,:· current, ha1·ing :111 

c;1rlhed !1l't1trai and 1 2,1:00 1·1iits iwt11Tl'n ph;1sc.s. Duplicate 
l'nderground \bins ;1n" prO\ided lll'l\\l'l'll thl' Compa1w's sub­
station at R11gh_1· ;inu tlw R;idiu Station. Tlw lil'cision to use 
11 atn-coull'd thn·1"-el1:ctrode 1·ah·es n�ndt'.red it necessary to change 
the incoming alternating· curiTnl suppi1 1!!l1J ;1 l:igi: ,1 nsi1m direct 
current supply of the ord1·r oi 10,0(HJ \11lts an1!, after considering 
the merits ()f lHl'fi'Ul'\-;llT ITrtifil'r.s. 1l11·rn1ionic \:;\n rl'ctiti ers and 
motor gL·m·r:1tors for thic; ptll'])()St', it \\:Is d1" idl·d w instal tht' 

lattt'r. The nwin 111:1clii1wr1 li:tl'. Fig. :{. is 1:-:.� 1'1·r·t long by -+7 
fl'l'\ \Yid1'. sp�rn1wd ll\ :rn 11-\(111 (l\t'l'lll':td tra\1·1\i:·g, r:11w. Tlw 
heig·ht of the room is 32 frl't. P:1ral1l'l \\ it�1 1l1i.c.; in:: in hall is an 
annl'x, the Jmy1·r porli1m ()f 1d1il'h c1JJcU1inc.; ;1 li:1111·n· nHJ111 and six 
transfurnwr rooms; t]ll' llj)J1l'r n 1J1Jr is il S\1·i!ch g·:1]\,•n· 1l]'l'n t() the 

main 111:1chinl'n hall. This g·:illen ;·onlitl'''' 11·e hig·h ;rnd low 

tension A.C. S\Yitchlio:nd.s. hig h tcn;;ion \ ( · ·"'"'·ting· n1biclcs 

\'OL. XlX. \.\ 373 



THE RUGBY RADIO STATION. 

for the main motor generators, and the low tension D.C. switch­
board. 

In the machinerv hall are three main motor-generator sets for 
pnn"iding high tension direct current to the valves, two frequency 
convert.er motor-generators for heating valve filaments, together 
with motor starting cubicJ.rs <rncl nlternator control panels, and 
also two motor-generator and booster sets for battery charging and 
\my tension D.C. supply. All power, other than that required for 
the main motor-generators, is supplied by two auxiliary step-clown 
transformers (12000/416 YCJlt) of 450 KVA output through the 
main low tension A.C. switchboard. 

The extra high tension A .C. S\Yitchboard is a 6-panel board, 
consisting of 5 truck cubicles and a Company's metering cubicle. 

FIG. 1.-ISOMETRIC Vmw OF STATION. 

One panel is used for the Department's metering; two panels are 
connected to the auxiliary 450 KVA transformers situat·ed imme­
diately belmv the switchboard; the fourth panel of 2,000 k.w. 
capacity controls the supply to the main motor-generator starting 
cubicles and one is spar·e and interchangeable with the others. 
The low tension A.C. 416 volt switchboard is of the normal slate 
pattern, containing 16 panels. The requir·ernents of the high 
frequency valve generator equipment called for the supply of direct 
current power of from r,ooo k.w. to r,500 k.w. at a potential of 
from 8000 to r 8000 volts \vith the negative side at earth potential. 
Owing to possible failure of valves, the source of supply has to be 
capable of standing a dead short-circuit with impunity and operate 
under rapidly fluctuating loads, low self inductance and absence 
of voltage ripple. 
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To meet this requirement the high tension D.C. supply to the 
valves is provided by means of motor-generator sets operating in 
series as required. The sets, Fig. 4, were made by the British 
Thomson-Houston Company at their Rugby vVorks. Each set 
consists of one synchronous motor, 640 KVA, wound for 2200 
volts between phases, driving two 3000 volt single commutator 
250 kilowatt generators joined in series and two pedestal exciters. 
The main exciter is 8.5 kilowatts at r ro volts and provide field 
current for both the high tension D .C. generators and for the field 
of the other exciter, the latter provides current for the field of the 
synchronous A.C motor. The speed of the set is 750 revs. per 

FIG. 2.-RUGBY RADIO STATION. 

min. The five m<1chines of each set are mounted on one hedplate, 
which is insulated from earth by being mounted on groups of 
porcelain insulators. The neutral point of the motor stator and 
the mid point between the two D.C. generators are connected to 
the base plate. By this means the potential of any portion of the 
.s·et relative to the frames is limited to 3000 volts D.C. For con­
venience, the D.C. controls of each set are mounted on an auxiliarv 
insulated base plate, which carfi.es generator field rheostats and 
shunt field rheostats for the main exciter and the motor exciter. 
Both base plates of the set are connected together. 

Each set can give an output of 500 k. w. at 6000 volts and one, 
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l\vo or three sels may be joined in series. A separate starting 
n1hicle ;tnd separate t ransfornwr is provided for each sel: this 
aniicls the use of insulated couplings lwt\Yeen motors and gener­
ators. 

Each main base-plate carries (\\·o higb-speecl circuit breakers, 

each connected in series with a genera1or armature. The breaker 
is set for instantaneous tripping at about 5 times full load currPnt, 
a nd inserts a blocking resistance and at the sanw time trips 1he 

generator field con!actor; on operation tlw rontacts are fullv 
opened in 0.02 ser. 

To star! the motors, the 12,000 volts .\.C. is connected in star 
to 1lw primary of th e tr;msfnrnwr clelinTing· 1,2jo nilts lwt,wen 
phasPs to the motor, a l'lw nge-mTr S\\ itch t lwn coll!'lTts the 

� \\.orkshop 

F11;. 3 ··-\l.11'.: 'd.11111:-;E!<\ H.11.1.. 

prim:tn· in delta clelivrnng· 2,0llll volts lwt\vr·1·n phases for normal 
running. One of the sets 11·as tested 11ith 20 slior!-t·ircuits at the 
makers' \\Orks and after install:ition two short-circuit tests \H're 
carried nut 11·itb all sets in series and fulh· r�cited to a total of 
t8,ooo volts D.C. \\ith satisfacton· rrsults. 

The ioo cycle frequency suppl_\· is nhtainecl from a three-phase, 
. .ph-nll!, 50-C\·cle sn11hr()nnus rnot(lr coupled direct to a three­
pbase .. p(i-volt 100-cycle 2<10 KV.\ altt'rnator nrm·iclecl with a 
Tirrill n·i1;ul;1tor to limit :\.C. wiltnge fluctuations. 

Continuous current :it 240 1·olts is furnished b\· means of 30 k.1\. 
416-Yolt induct ion rnotnr-driH·n generator and booster sets in 
duplicate, in conjunction \vith a ha!ten· nf 120 crlls .wo ampere­
hours. This D.C. supph is prm·ided for 1·xcitntinn of motors, 
controls and enwrgency lighting. 



THE RCGl3Y R.\DJO ST.-\TION. 

Power for mast lift motors, lighting, pumps for air and ·water 
circulation, etc., is t·aken from the main lmv t e n sion .:\.C. bus bars. 

H1t�ll FJ\EQLE\CV GE�EJ\.\Tl;\G VAL\"E PL\:\"T. 

The main \lireless building is 103 ft. long b.v 42 ft. 1vicle, and 
consists of t\rn floors. The height of this building is 50 feet. 
(Fig. 5). 

The high frequencv generating Yalve plant utilises water cooled 

LT. switchboard 

Motor- _..c:::::J p 
generator� � 

Air compressors 

l":c. 5.-1-I.1'. GcNEI<llTINC PLllNT L11YouT. 
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THE RUGBY RADIO STATION. 

thermionic valves and is capable of dealing if necessary with an 
output of 540 k.w. continuously under commercial conditions. 

The general scheme of producing the high power is to generate 
oscillations of constant frequency at low power and proceed by 
definitely designed stages of amplification up to the maximum 
required for fully energising the aerial. 

In order to reduce the possibility of interference from the high 
power transmissions and to permit the use of highly selective 
receivers, special precautions ar·e taken to maintain a constant 
frequency. The primary oscillations are obtained from a tuning 
fork maintained in oscillation by means of a D. E.R. thermionic 
valve. The tuning fork vibrates at about I ,777 per second and 

N'.' l 0\.Cttation u1111 
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FIG. 6.-DIAGRAM SHOWING iVIETHOD OF FEEDING H.T. D.C. SUPPLY TO POWER 

UNITS. 

by means of a chain of small valves and filt·er circuits the ninth 
harmonic, a frequency of 16,000, is selected and amplified up to a 

power of about 100 watts. The stages in this chain of filter circuits 
and valve amplifiers are carefully copper screened from each other 
and from any ·external influences and constitute what is called the 
"Tuning Fork Unit." 

The TOo-watt output from the tuning fork unit at the station';; 
signalling frequency is amplified three times before it is delivered 
to the aerial circuit, the successiYe stages being designed to deal 
\\ith i n put powers of the order of+ k.w., 50 k.\\·., and 1,000 k.\\'. 
respectively and giYin g output powers of 2 k.\\ ., JO k.w., and 
540 k.w. respec!in�ly. Tlwsl'. are ref.erred tu as tht' 4 k.w. stage, 
the 50 k.w. stage, and the "power units" respectively. Each 
stage includes a low decrement tuned cir·cuit. The combinatiofl of 
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the 4 k.w. stage with the 50 k.w. stage forms the "excitation 
unit." The tuning fork units and excitation units are provided in 
duplicate and are interchangeable. Al I the stages are enclosed in 
high tension enclosures. 

The final stage of amplification (the power units) is not pro­
vided in complete duplicate. The power station practice of having 
a number of units capable or being worked in parallel on common 
bus bars has been adopted. The principal advantages of this are 
that it permits an easy flexibility as regards power required for a 
particular transmission at a particular time of the day, it provides 
a simple method of repairing a faulty un i t  or of replacing worn-out 

F1c:. 7.-EXCJTATION UNITS. 

or faulty valves while the station is \VOrking. The installation can 
be easily adapted to provide two simultaneous transmissions on 
separate aerials and it gwes facilities for testing different types of 
valves. 

Fig. 6 is a schematic diagram showing· the method adopted for 
feeding the high tension D.C. supply through a selected "excita­
tion unit '' to the power units by means of the bus bars and the 
method of paralleling the power units by means of the same bus 
bars. It will be seen that there are three bus bars running the 
length of the installation for anode, grid and filament (earth) 
respectively, and th at to bring a particular power unit into opera-
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tion in paraJl.el with others it is only necessary to connect it to the 

bus bars by one 3-pole s11 ilch a'�''. ligU the n:aments b:;· means of 
the filament S\Yitcb. In ord:cr to simplii\· this ;.;ystem of paralleling 
all apparatus proper to the nnal stage of amplification formed by 

the " pow·er u ni t s " in use, Sl!Ch as anode choke, grid leak, etc. , 

are placed inside the excitation units. The -+ k.11-. stage employs 

glass. valves and the 50 k.·,··. stage c c,plo1·s three water-cooled 
Yalves. The exc i tat ior' units are snee:-:ed from each other and the 
rest of the installation b:• :iP e:o:..-lu·:�··e or <:o:):Jer n'esh suitably 
mounted. (Fig. 7). 

The Yah·es used in the plmer lll�its are capable of dealing wi t h  

FIG. 8.-POWER UNITS. 

an input of 20 k.\v .. , of g·iving· an uutpu t of 10 k.\\·. and con­
tinuously diss ipatin g ! o k.11". 11 hen pi'()Dl'rly \1·�1!er-coolecl and 
when operated at a D.C. anode ,·oilag::· l;f ;o,ooD nil ts . The 
filament takes 41 amperes at 22 YOlts. These valves were made by 
The Standard Telephones &: Cables, Ltcl. 

Five power units are prm·idecl. Each unit is equipped with 
18 water-cooled valves, capable of an output of about 180 k.w. of 

high frequency power. Virith this equipment th ree power units 
will give an output of about 5-+0 k.w. and le<tYe t11·0 units spar·e. 

The power unit (Fig. 8) is a rectangu l ar enclosure arrangerl 
with nine valves mounted on each side and a front slate panel con-
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taining the meters. At the top of the pm,·er unit is the three-pole 
switch for connecting the unit either to the three bus bars or to 

earth. The valve panel contains the separate filament resistances, 
overload relays and other safety devices associated either with 
individual valves or the panel as a whole. 

The distilled water used for cooling the rnlYes is fed in each 
powe� unit to copper tube inlet and outlet headers through 30 ft. 
of 211 diameter rubber hose mounted on a wooden reel at the lower 
part of the panel. From the unit the distilled water passes through 
metal pipes to a "cooler," the latter being cooled by means of a 
separate circulation of water obtained from a cooling pond. The 

F1G. 9.-Pl�lM.\RY Ct IH.TlT CONDENSERS. 

cooling pond has been built about half a mi le from the station 
buildings and is tilled from a stream which has been dammed and 
which runs through the site. 

The high fr·equency output from the power units is f.ed into a 

primary circuit (Fig. 9) made up of mica condensers immersed in 
oil and a tuning inductance made of cable containing 6,561 
separately insulated wires, mounted in spiders of American white­
wood. The coil is in the form of a hexagon with 7 ft. external 
sides. The actual measured resistance of the primary circuit at 
16,000 cycles is .088 ohm. 

The circuit is indi.1ctively coupled to the a•erial circuit. The 
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aerial tuning coil, which has a maximum width of i4' 6", is made 
of similar cable to that used for the primary circuit, wound on 
whitewood spiders in the form of a hexagon with 7' 911 external 
sides. The measured resistance of the aerial tuning coil at 16,ooo 
cycles is . l l ohm. 

The method of keying the whole installation is by means of 
making and breaking the circuit between the output from the 
" tuning fork unit " and the input to the " excitation unit." The 
whole of the wirdess installation \vas erected bv Post Office work­
men under the direction of Dr. I-:l ansforci and Mr. Raulkner. 

The aerial is supported on 12 masts, each 820 ft. high, and !s 
so arranged that it can be suitably divided at the leading-in points 
into two separate .aerials, one much larger than the other. The 
whole aerial is used for telegraph purposes and using three povver 
panels with 54 valves in use an aerial cunent of 740 amperes is 
obtained. \Vith this cunent the voltage on the antenn� is about 
175,000 volts. 

For experimental telephony the smaller section of the aerial is 
used and the reduced telegraph aerial is then worked with an aerial 
current of about 600 amperes. 

The masts and external work were described in an article bv 
Mr. \Valmsby, in Vol. 18, Part r, April, 1925, of this Journal. 

THE FELLING OF THREE RADIO MASTS AT 

DEVIZES. 

Iron and steel will bend and bow, 
\Nooe\ and clay will wash away, 
Build it up with stone so strong; 
Huzza ! 'twill last for ages J.ong. 

From the Ballad of 
" London Bridge is b·rolien down." 

ON the side of a hill near the old market town of Devizes and a 

few miles from the ancient village of A vebury, six tall steel 
have formed a conspicuous landmark for many years. 
number has now been reduced to three. 

masts 
The 

In the earl_\' part of September, three crashed to the ground, 
sacrificed on the Altar of Progress. It seems peculiarly fitting 
that this site should have been chosen for the scene of destruction; 
the offspring of the most modern branch of Engineering laid low 
amidst the ruins of tht> most ancient! Local antiquaries will tell 
you, if you are interested, of the great feats of those Neolithic 
Engineers l'vho, at A\'ebury, ages before men learnt to use iron 
implements, built thost' huge circles of stone within whose confines 
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sun worshippers conduct·ed their religious rites. They will speak 
with enthusiastic voice of the mighty deeds of the civil engineers 
of ancient times, who, to restrain the predatory encroachments of 
hostile Lords, excavated the great dyke that skirts the boundary of 
the Radio Station site. These deep ruts crossing the line of masts, 
mark the road made by Roman military engineers, and many an 
invading chariot has passed this way in the great days of old. 

The trails of the engineer have left their mark unobliterated 
even by the passing of Time ! Many other tales will be told, but 
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FIG. 1.-METHOD OF RELEASING STAYS. 

if you pass down from the hill into the villages below the story you 
will hear most often concerns the sad passing of those 300 feet masts. 
Lest the details may be warped, the true account is given here. 
Each mast is held by 16 steel stay ropes, arranged in four groups. 
At the bottom of •each stay and near the concrete anchor block, a 

" bottle" screw enables adjustment of stay tension. By turning 
the screw sufficiently, the stay becomes entirely detached from the 
anchorage. It might be tliought that to cause a mast to fall, one 
merely has to screw round the " bottles " and so detach the stays 
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rr()ill tilt' <1ncl111r;1gt'S. Till· pr11l1l1·111, lim11· 1·t'1", is nul S() silll ple ;1s 
1liis. Tlw lll:1s1 mig·lt1 f;ill :11 ;111 i1111pp11rt111w 1111111H·111 ;1nd in ;1 
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111;1n1 led. 
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quickl'SI is ill11s1r:111·d in Fig-. I. Four S!'ts !lf st;1_1-.· :ire arrnngl'd 
;it ri,Qlit ;111g·l1·s. If 1111t· St'! (lf st;1_1·s, 1l111s1· f11r c:-;;im pl1· on thl' rigiiL 
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llf 1ltt· 1:i.� .. 111·r1· rt·l1·;1s1·d si11111l1:1111·11usly, 1IH·1T wuuld then be <.tn 

11nb;i\;1111Td pull in 1IH· dir1·<·1i11n 1i1· 1111· :1rrtl \\. du!' 111 tlw it'11si11n uf 

tlw s1;1_1s im111t·di;111·h ''JlJl"Silt'. Tlt1· r11p1·s .\.\.\.\ ;111d 1�1�13H, 

i>l'ing· ti:-;l'd in 111w ph1w h1Hl1 l\l illl'ir andt(lr:1gl's ;1nd the mast, 

1Yuuld pn·q·n1 ;111_1· lll11 1T111t·n1 of 1l1t· 111;1s1 cxn·pt in Ilic din·rtiun 

,,r 1IH· pl;1rn· ;11 rig·lt1 <lllg·it-s. TIJL1s till' 1ll;1s1 1\'1111ld f;1ll in tliL' 

din·1·1i1111 11f 1lll' ;1rn111. T11 <'11sun· 1\1;11 :ill tll\' l!'nsi1111s in <>Ill' sel 

(lr s1:1_1·s 111·r1· r,.Jt.;1sl'll sim1il1 ;1111·u11sl.1·, slt'1·I rt1pL·s 11T1·c. li:-:l'd te111-

poraril_1· 111 tlit· 1lir1·1· st;1_1s ('('(' ;i\)()\'l' 1lw "li()illt·" scre11·s. The 

r()urlh <111d innn •;1:11· h;1d pr1· 1·i1111sly !wt'll r1·l1·;1sl'd, si11n· 1l1is could 
Ill· d11n1· 11·i1 It s;1f1·1 1·. l·�;11lt 11f t Ii!' 1 lin·1· st1·L·I ru p<·s was p:1sseJ 
1 l1ruu.�·l1 ;Ill v1·1· in its 111111 ;11wl1t1r;1g·c ;Ille! pullt-d uul lu a cummon 
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:ilsc> 10 an inn'rll'd \'-shapl'd h:1r li:xl'd i11 ilw connc·tc block E. 

Tl1us 1>111· 1·1HI cil: 1l1t· sli11g· lwld 1111· 1l1r1·1· s11·1·I rt>JWS, ,,·hils1 th1· 
nthf'r 11·as :1tu1chl'd le> 1lw hlnck :11 I·:. 1)_1· t1·11s i()11i11g· 1·:ic'1 of 1he 
tbre1· ropl's i11 turn ;111d b1· tT1111>1·i11g· 1lw "illlttlc·" sc1T\1·s ;11 CCC, 

th(' pull n f  thl' tlHt'L' s1:1_1·s "·:1s rl'sisll'd In 1l1t· si11g·l1· sling. Sonw 
:1lte111i1m nHJSI 111>11 IJL· gi\'1·1; 111 1111' nw1l111d 11f li:xing· tilt· sli11g· :11 
lhL· \' irun. T'11· sk1·1cli in 1lw l11111·r p11rti1>11 11f Fiµ-. I "ill t':xpl:1i·1 
111:11t1Ts. Tl11· 11·r111in:11ing· 1· 1·" cif 1lw sli11g· "·;1s p:1ss1·d thruug·I! 
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1he ins1·rt1·d \' . . \ sliori s11·1·I rud 11:1s 1l1rust 1l1r1Htgl1 tliis e_1·e :rnd 

:1llo\\·c'd 111 rl'sl un 1l1t· l1·gs c>f 1IH· \'. 1 11 1'1is 11·:1_1 1IH· pull of tlw 
tlirt·(· s1:1_1·s \\·:1s 1·011111H1nic<1tl'd 111 1'1v 1l1r1·1· r11p1·s :1nd :1 sing·l1• 
sling-, \\·hirli \\·;1s ill'ld linn h1· tilt' 1l1rus1 lwl\\'l't'll 1h1· \' :1nd till' 

pin. Till' 1rnts al ilw h:1s1· (If 1111' 111;1s1 '1;1,·ing· h1·1·11 1TnH1\·1•d, ::ill 
"·:1s rc·:1d1· f11r ilw lin;tl ;iCI. l'i1·111n· 1'11· sn·111· :1s tilt' :rn:xiP11s 
111nnw111 ;1rril'C·cl 111 p111 ilw srill'nlt' 11> 11·s1 ! l lnldi11g· ;1 slc-dgl' 
l1:111111HT ;1lof1. tlH· 1·:x1·rt1ii(l1li' r s1:111cls :1h1> \·1· tlH· pin . . \ \\"Ord of 

cn111111;rnd and 1111' he;1n· 10111 S\\'ing·s qt1i1·kl_1· clt•\\'11. Tlif' ri11 nif'S 
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out, the stays slays slacken and fall in towards the mast. For a 

moment the '' stately and air-braving tower '' remains erect, and 
then a great shout goes up, " She's falling! she's toppling over!" 
Slowly at first, but with ever increasing speed, the structure heels 
about the base. The higher sections of the masts describe a 

larger arc than the lower and thus accelerate at a greater rate. 
L nequaily distributed forces ar·e therefore brought into being, 
the loading progressively increasing from the base upwards. For 
a brief period the mast successfully resists these unequal forces, 
retaining a stiff steel backbone. Soon, however, the uneven 
contest ends and when about ro0 of heel have been attained the 
great structure bends and bows in a curve of increasing curvature, 
the convex side upwards . The metal yields and on the tension 
side only large steel bolts. stretch ana snap . Then, with a thud 

Frc. 4.-Trrn HEAD or. ONE OF THE MASTS. 

heard miles away, the head crashes to the ground . The struggle 
is not quite over. Two thirds of the length of the mast lay 
stretched upon the ground, unsevered on the compression side 
from the remainder. At the base a great hump, 60 feet high, 
stands motionless for a few seconds, then slowly turns over to rest 
upon the ground. All is over ! And not one alone of the 
witnesses ·experienced "a pang as great as when a giant dies." 

An examination of the first fallen mast revealed many interest­
ing facts. To pull apart the nine bolts that failed in tension in 
the horizontal flange would necessitate a force of about 350 tons. 
Generally the section of the mast retained its original circular 
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section. At some sections, however, the bolts in the horizontal 
section r-emained intact and the material of the tub·es failed. There 
is thus good evidence of the equality of strength of bolts and mast 
section. In a few places only the tube section had become ellip­
tical due to the partial col lapse of the walls on the compressive 
side. 

No stays wer·e damaged ·except in those cases where a blow had 
been dealt. The steel masts have been cut into small sections by 
means of an oxyhydrogen flame. And no\v the story of the 
passing of the masts is told. If, on that mid-September night 
when the last mast fell, you had chanced to pass by the 
great stones in the quiet village of Aveburv, you would hav.e seen 
-as the moon rose-small dark figures flitting about the ground, 

F1G, 5.--TJ-JE THREE RE:lli\11'JNG MASTS. 

and heard a whispering sound rising and falling in gentle cadence. 
You and I, cold matter-of-fact engineers, would have dismissed 
the matter with some crude r·emark about shad01rs, and wind 
blowing leaves about. But the Poet, with wiser discernment, will 
tell you that these were no shadows caused by the rustling Jeav·es, 

but elves and goblins jauntily capering around the great hoary 
stones, chanting joyously their triumphant song. 

Iron and steel wi 11 bend and bow, 
\Vood and clay will wash away, 
Build it up with stone so strong; 
Huzza ! 'twill last for ages Jong. 



NOTES AND COMMENTS. 

i\lR. \\'. J . .:\LEilL\>:, Sllpcrintencling Engineer, South Lanes. 
District, occupies the chair for tlw current session �lt the ::\orth 
\\'estern Centre of the l.E.E. In his chairman's acklress under 
the heading of "Electrical Communications, and the Spirit o± 
Public Sen·ice," deliYerecl at J\Ianchester on the 2ncl i\ovember 
last, .:\Ir. Mecllyn gave a ven' interesting revievv of the develop­
ment anci progress of the electrical i nclustry generally and of 
electrical communications in particular. 

The first important application of electricity \ms the introduc­
tion of the telegraphs in 1837. The Societ.1· of Telegraph En­

gineers was founclecl in 1871 and in 1883 it became the Institution 
of Electrical Engineers. In the course of his address l\Ir. J\Iedlyn 
traced the rise of electrical engineering and said the electrirnl 
industry had become a public l0ecessity, applied electri�·ity and 
civilisation had become s_n1onyrnous terms. He gm·e an imposing 
army of figures rnnriiog the plant ar:cl the capital im·ested in the 
business. In tracing the improYernents in tra!'srnission il"troduced 
b_v the application of sci-entifi.c methods, l\lr. ::\ l ecl l yn gave some 
interesting facts and figures relating to the London-J\lanchester 
cable, compieted and brought into use in "-\pril, 1922. The cable 
contains r6o pairs of 40 lb. conductors, 104 pairs telephones and 
56 pairs telegraphs, B:· means of phantoms the ro4 telephone 
pairs can giYe 156 trunks. The ler.gth of the cable is near!:; 200 
miles, and if it were not loaded n.ncl eql1ipped with repeaters, the 
equiYalent grade of spePch nm•: obtc1i"".ecl 1Yould haYe been possible 
oyer some r3 milc>s onh·. To gi,-e equal speech oYe r the 200 miles, 
copper wires weighing -too lbs. per mile carried upon six lines of 
poles "·mild be requi red , <"Ind an additional line of 56 \\·ires of 
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150 lbs. vrnuld have been needed for telegraphs. These routes 
\vmilcl have cost at least £1,500,000 more than the cable and to 
accommodate the lines it mighL be necessary to buy or rent a 
fenced-off strip of hrnd, sa_1·, 20 feet 1vide, for a great part of the 
distance. 

In the latter portion of his address Mr. Medlyn emphasised the 
necessity for peace in industry, and said we must have the co­
operation of all grades of workmen in securing maximum pro­
duction for the common good. He concluded as follows :-It is 
encouraging to note that the economic laws which govern our 
present life and civilisation are gradually becoming better known 
and appreciated by think·ers and leaders of all classes and all 
shades of public opinion, and the knowledge is spreading to all 
classes of the population. There is, therefore, good ground for 
the hope that the solution of our industrial problem will ultimately 
be found in the general recognition that, fundamentally, industrv 
is a .form of service to the whole nation; and, hence, good team 
work between all classes of organisers and 1Yorkers engaged in the 
production and distribution of commodities is the best and surest 
1rny to improve the standard of living to the advantage of every­
body concerned. Personally, I am convinced that the encourage­
ment of this principle is the highest form of patriotism, because 
it is calculated to ach-ance the industrial efficienc>: and the well­
being of all members of the community and the general welfare 
of the British Empire. 

f n an address on " The Advancement of Electrical Engineer­
ing," Mr. Medl_1·n also delivered a useful and instructive exhorta­
tion to the students of the North \Yestern Centre. At the outset 
he declared that the honour, the prestige and the progress of any 
body of men or association of men was the integral of the units 
composing that body. 

He then passed on to consider the beneficent effects of main­
taining a live interest in the particular ·work in hand and in the 
profession of electrical Pngineering generally. The value of 
proper 1wrspective was emphasized, and it was pointed out ilrnt 
thPrP was some d;:in�·er in becoming so absorbed in one's mvn 
corner of Electrical Engineering as to lose sight of its relation to 
the world at large. In this way a narrow, cramped outlook would 
replace the breadth of Yision which was essential for all positions 
of supreme control. 

Mr. Mediyn then laid down the principle that the surest wav to 
obtain n'laterial progress was to secure cl�se co-operation betv�fien 
all classes engaged in the national industries. The resulting 
harmonious working would react to the benefit of the whole com­
munity, and consequently this spirit ought sedulously to be 
cultivated to replace the bitterness that so �ften manifested itself 
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between the various partners in the production of commodities. 
It was not easy, he said, to reconcile the many divergent views 3S 

to what was best for mankind, but there was a growing opinion 

amongst the majority of serious thinkers that economic peace 
between classes was as necessary to the future life of the world as 
political peace between States. But the object of all our work was 
to add to the amenities of civilization and the well-being of 
humanity in general. 

A pl·ea was here introduced for a sympathetic understanding 
not only of the minds of the workmen whom the young engineer 
was caUed on to control, but of the Chiefs whom he served. Add­
ing, that it was only in this way that happy, harmonious, co­
operative working, which was only another term for efficiency, 
could be achi·eved, he said the engineer of the future must, if he is 
to occupy a position of administrative control, not only know his 
work, but he must know his men. He must develop, along with 
his professional knowledge and experience, the knowledge of his 
fellow men. And all this must be correlated to the economics of 

his sphere of activity. The young ·engineer who kept those 
principles well to the fore and could '' fill the unforgiving minute 
with sixty seconds worth of distance run," would not only com­
mand and attain the highest r·ewards of his profession, but he 
would attain the very highest plane of mental development and 
happiness in life. 

In service to the community-which included his chiefs and 
subordinates-lay every material and moral advantage. He who 
served his day and generation best would surely best serve himself. 
His slogan should be '' How best can I serve the community ? '' 

not ' ' How much pelf or kudos can I extort? '' 
Mr. Medlyn next instanced the value of order and method, and 

suggested that defici·encies in this direction were generally due to 
disorderly thinking, and that this in turn was caus·ed by lack of 

perspective in that the relation of the work in hand to the comple1P 
organisation was not fully appreciated. 

The seriousness of errors of judgment in dealing \Vith human 
problems was emphasized. Injustice rankled severely, and, like a 

contagious disease, spread around by contacts. The Electrical 
Engineering profession would advance at the rate that the coming· 
generation advances, and he had, therefore, deemed it worth while 
to call specific attention to the things which would serve to develop 
the administrative powers of engineers. It certainly did not 
follow that every professional man had administrative ability 
simply because he was a professional man. These remarks were 
made from the point of view that in so manv young engineers 
there was a tendency to treat with cont,empt the business aspect of 
their work, and Mr. Medlyn expressed the hope that he h<1c\ 
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applied a small corrective of a wrong, but somewhat prevalent 
view point. 

On the conclusion of the address the Chairman asked per­
mission to discuss it. This Mr. Medlyn readily accorded, whereon 
twelve of the students took part in the ensuing debate. In general 
the very live discussion resolved itself into emphasis and extension 
of the principles laid down. Finally a very enthusiastic vote 1f 
thanks was accorded to l\'Ir. Medlyn for one of the most interesting 
addresses with which the students had been favoured. 

T.E.H. 

FROM GAOL TO BROADCAST STATION. 

The steady improvement in Irish conditions is reflected in the 
announcement that Standard Telephones and Cables, Limited, of 
London, have been commissioned by the Irish Post Office to 
supply a Broadcasting Station for Cork, and this will be located in 
the Gaol, now fortunately unrequired. 

The Station will be of a similar type to that now in operation 
at Birmingham, but of an approximate 3 K.vV. Geneva Rating. 

The Annual Report for 1925 of the Rotterdam Municipal 
Telephone Service, which has recently been received, includes 
much valuable information. Rotterdam will be remembered as 
one of the first cities to make a trial of the ingenious automatic 
system manufactured by Messrs. Ericsson, of Stockholm. 

The total number of lines on the 31st December, 1925, was 
18,803, distributed among three exchanges-Botersloot, with 

12,360; Korenaarstraat, with 3,943; and Vlaggemansstraat, with 
2,500. At the last two ·exchanges, r,905 and 2,081 lines respec­
tively, are working on the full automatic principle. The number 
of stations at the same date was 29,88 r. Vlaggernansstraat 
exchange was opened on the 25th March, 1925. 

No serious fault has occurred on the automatic equipment, the 
working of which is giving complete satisfaction. The new build­
ing for the Botersloot exchange, which is also to be conYerted to 
automatic working, has been commenced. 

During the year under review the local traffic exceeded that for 
the previous year by 4.9 million calls, or 6.9%, as compared with 

an increase of 22 .5 % in 1924 over 1923. Traffic to and from other 
cities amounted to 3,225,545 calls-an increase over the previous 
year of 0.9%. 

International traffic was responsible for several hundred 
thousand calls, the principal components being the following:-
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With Germany 244, 780, as against 224,353 111 1924. 

" Belgium 122,848, " ,, 126,904 " 

" England 42, 195, " " 24, 189 ,, 

" France 2,569, " " 3,655 ,, 

For the busiest two-we·ek period in the year-the week before 
and the week after Christmas-the average day calling rate per 
line was about 18 for the main exchange and 4 for the other two. 
During the same period the ratio of day to busy hom averaged 
about 8. 

The number of public call offices numbered r 13, and of c,oin­
boxes in shops, etc., 88. 

Requests for the correct time averaged 1,086 per week-day, 
1,007 per Saturday, and 841 per Sunday: 

The result of the year's working was a credit balance of nearly 
874,000 florins� 

In recent years sick absence has been steadily declining, the 
figure for the year under review being 3.09%. 

These few particulars are culled from a large amount of inter­
esting material in the report. 

G.F.O. 

CARRIER-CURRENT COMMUNICATION ON 
SUBJ\1AR INE CABLES. 

The Journal of the American Institute of Electrical Engineers 
for October, 1926 (Vol. XLV., No. 10), contains a detailed descrip­
tion by H. \V. Hitchcock, of the Southern California Telegraph 
and Telephone Coy., of a recent application of the principle of 
Carrier-Currents, which is of considerable interest. 

Catalina Island, on the west coast of California, is separated 
from the mainland by a channel 23 nautical miles in width, and 
prior to 1920 the Island was not in lelephonic communication with 
the mainland. A radio system was then established, the circuit 
being extended by wire between Avalon and Los Angeles. Owing­
partly to increasing interference from ships' transmitters and also 
to !be growth of work, this circuit \Yas replaced in 1923 by two 
single-conductor submarine cables, each of which was used as a 
single-vvir·e telephone cricuit. 

The further growth of traffic having necessitated addition<:il 
channels, it was decided to instal the carrier system, and on the 
15th May, 1926, six carriPr telephone circuits were brought into 
operation on one of the cables. This cable now carries therefore 
seven telephone circuits and one telegraph circuit. 

The arrangement is inter·esting, not only because it is the first 
case of application of carrier telephony to deep sea cables1 but it is 
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the shortest carrier system (26 miles) in commercial operation. Tt 
provides more carrier channels than has previously been attempted , 
and it differs in several im portant respects from other systems . 

. \lETA.LLlC POLAR-DUPLEX TELEGRAPH SYSTEM 
FOR LONG S,\IALL-GAUGE CABLES. 

The engineers of tl1e Bell Telephone Company in the States 
have de\·ised a complete telegraph system for use on the telephone 
lull cablt's uf that organisation. Our old friend, and one time 
Secretar_1 of the l.P.O.E.E., l\lr. John H. Bell, with i\Jessrs. 
R. B. Shanck and D. E. Branson, describes the system in a Bell 
Technical parnpl1let. The fo!Jm,ing are some of the outstanding 
features :-Sensitive polarised relays, \villi closely balanced wind­
ings and in some cases with v i brating coils, are employed in the 
metallic circuit, and 1rnrking currents of four or five milliamperes . 
obtained from 3-J. volt line batteries, while sufficient to operate 
the relays do not introduce appreciable disturbance in adjoining 
telephone circuits. Repea ters are spaced about 100 miles apart. 
Superposition is accomplished by the compositing m ethod. The 
metallic system is suitable for providing circuits up to woo miles 
or more in length, the grade of service being better than that 
usual! y obtai necl from earth-return lines for such distances. 
��bout. 55,000 miles of this type of telegraph circuit are in service. 

NELJTRALlSATJON OF TELE GRA Pi l CROSSF1RE. 

:\. Bell System Technical pamphlet describes the metl10ds tint 
have been adopted recently lo neutralise mutual interference 
between parallel telegraph circuits, and by which, it is claimed, a 

reduction to 10 to 20 per cent. of the original values has been 
secured . The principle used is to connect circuits on which 
mutual induction exists by means whereby a neutralising impulse 
can be sent direct on the d isturbed circuit at the same instant an cl 
with approximately lhe same value as the im pul se produced by t.lw 
mutual capacity coupling of th e lines. This direct connection 
takes the form (a) of a small condenser fitted with a timing series 
resistance, joined at the beginning of the compensation circuit, 
(IJ) of a transformer \Yith one winding in each batt ery to line 
circuit, or (c) in the case of phan tom groups a balanced capac ity 
\Vheatstone bridge arrangement with the apexes joined to the 
compensation circuits of the composited telegraph circuits. Due 
to reduction of crossfire it is usuall.v possibJ,e to secure a much 
better duplex balance after the neutralisers have been applied. 
The application of 

·
the anti-crossfire condensers, which han 
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appreciable capacit_v to earth, requires a different setting of the 
balance. It is said that no disturbance takes place in the circuits 
when parallel wi res are idle. 

HEADQUARTERS NOTES. 

EXCHANGE DEVELOPMENT. 

The following works have been completed:-

Exchange. 

West 1-lanlepool ... 
Blackburn ... 
Farnworth, No. 10 C.B .... 
Cpton 
Gravesend 
Bexley Heath 
Shipl�y 
Camberley 
Seven Kings 
Dumfries 
Bourne1nouth 
Romford 
Chester 
Mansfield 
Mountview 
Trafford Park 
Leith 
'Nest Bromwich Union 
\!orris Cars 
Fonnans 
Bristol Times 
Phillips 
Transport and General 

\Vorkers . . . 
Gestetner, Ltd. 
\Veyrnouth Corporal ion 
Procluccrs Distributing 
Edmonton Guardians 
Rowe Bros. 
Ormerods, Ltd. 
Heywood (M/R) ... 
Burnley Corporation 
Manchester and Salfo1·d .. . 

·wright & Sons 
Riseley & Sons 
Metal Agencies 
Equitable Trust 
Glasgow Housing 
Rylands 

Type. 

New Auto 
Extn. Auto 

New �1Ianual 

" 

Extn. lVlanual 

, , 
P.A.B.X. 

" 

I 
I 
I 

I 
I 

No. of Lines. 

l I20 
1000 

500 
420 

1300 
780 

1080 
740 

1370 
700 

1680 
320 
460 

220 
1900 

520 
260 

40 
70 
60 
40 
30 

So 
40 
30 
30 

100 
30 
30 
70 

100 

50 
30 
30 
70 
50 
50 
60 

Orders have been placed for the following new Exchanges : -
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Easl Finchley, No. l 

Caine, No. IQ 

l31ackley Co-op. . .. 
Calico Printers 
Heatons (Leeds), Lld. 
Shell Mex (Strand) 
Droylesclen Co-op. 
United Dairies, Ltd. 
Bowater & Sons ... 
Crawford & Sons 
lnternational Combustion .. 
Barrow, Hepburn & Gale .. 
Shell Mex (Leeds) 
Castner Kellner Alkali 
Shell l\'fex (Leicester) 
Stoll & Smith 
Bury Corpora tion 
F. R. Simpson 
Greenock Corporation 
.1 as. Hare, Ltd . ... 
Earl of Dudley's \Vorks .. . 
�foss Gear, Lt d. 
Conolly 's, Ltd. 
Plymouth Corporation 
Yan Moppcs & Sons 
J. Benn & Sons ... 
\Yatncy, Combe, Reid 

(Tie Line Equipment) 
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Type. 

:Vl anual 
" 

P.A.B.X 

No. o[ Lines. 

3500 
620 

30 
40 
30 
30 
30 
50 
30 
tio 
70 
60 
30 
70 
30 
:JO 

+o 
20 
80 
JO 

70 
40 
30 

2 IQ 

30 
30 

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

Exchange. 

Carlisle, No. 10 
Streatham .. . 
Tottenham .. . 
\Veston-Super-Mare 
Willesden ... 
Bradford 
Cambridge 
Reigate 
Pa!mers Green 
Sevenoaks ... 

Type. 

Manual 

No of Li11�s. 

400 
q8o 
I260 

460 
1700 

560 
Re�\rrangement:-> 

1400 
1640 

740 

MR. F. L. HENLEY, M.I.E.E., 

Chairman I.P .O.E.E. 1925-26. 

Mr. Frank Henley, Staff Engineer of the Test Section, who 
retired r 1tb September last, entered the service in r881 at the 
Central Telegraph Office, where he soon became known as an 
expert operator. His skill resulted in his being sent to the Stock 
Exchange Office, where, on a famous occasion, be was one of four 
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men who, between them, despatched by Morse key 500 messages 
in one hour. Even allowing for the exceptional conditions at the 
Stock Exchange office, the feat was a remarkable one and it gained 
the thanks of the Postmaster-General. 

In those days he was a useful boxer and a distinctly good 
swimmer, but his attachment to these sports did not interfere with 
the prosecution of his study of the pianoforte at the Guildhall 
School of Music, where he gained the School's Certificate of Merit. 

MR. F. L. HENLEY. 

An accomplished pianist he was greatly in request to play at staff 
social gatherings and concerts, and was obtaining much serni­
professional work when a chance conversation led him to join the 
technical classes of Mr. (now Sir \i\Tilliam) Slingo, and probablv 
changed his whole career. Into the work of these classes he thre\v 
the ·energy and ability which have been the outstanding character­
istics of his life, and in 1895 gained the rst or Controller's prize, 
which is awarded to the student obtaining the highest aggregate 
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number of marks in all subjects. Probably as a result of this 
success he was sent, a few months later, to the Testing Branch 
of the General Factory, at _;\'fount Pleasant. Here he joined 
Messrs. G. F. Mansbridge, \\'. II. \\Tinny, H. H. Harrison and 
others and soon made good . 

Entering the evening classes at Finsbury Technical College 
he took the 1 st prize in lnorganic Chemistry, and continued with 
organic work, finishing up with laboratory tests of rubber and 
gutta percha. In i903 the Testing Branch passed to the control 
of the Engineering Department; :\fr. Henley was placed in charge 
and promoted to ist Class Engineer. In 1904 he matriculated at 
London lJ niversity and shortly afterwards ha,·ing passed the Civil 
Sen·ice Commissioners' Examinat ion fur 2ncl Class Staff En­
gineer , \\as transferred tu lieadquarl ers and posted to the Examina­
tions Section under Mr. Hartnell. His studies at Finsbury 
Col lege continued, and in 1906 he gained the rst prize in Advanced 
:\J eclianical Engineering. 

In 1910 he was a delegate, with :\lajor H. Brown, to the Paris 
Conference of Telephone and Telegraph Administrations, to 
\Yhich he presented a paper un '' Some recent tests on Creosoted 
Poles," containing much interesting original matter. In 1919 he 
\\·as appointed Staff Engineer in charge of the Test Section, in 
succession to l\lr. J. R. Gall, who had been transferred to the 
Designs Section. The work of the Department and consequently 
of the Test Section was deve l oping , and it fell to "Mr. Henley to 
extend the Testing Branches in London and Birmingham, and to 

opPn a small tes l ing station at Ed i nburgh. The branch <•.t 
Birmingham, hitherto in charge of an Assistant Engineer, was 
nO\\ allotted an Executive Engineer, and the staff at both branches 
steadily increased to meet the ever increasing volume of work. 
Many new tests were introduced to meet the requirements of 
new items, e.g., audio frequency bridge test, special automatic 
testers, etc. Paper-core submarine cables were introduced and 
much testing and consultative \\'Ork was undertaken for the various 
Dominions Governments. As showing the increase of work 
bet\Yeen 1919 and 1926, it may be mentioned that the value of the 
stores tested in 1925-26 was double that of 1919-20. 

In 192 l, Technical Instruction VIII., on his initiative, was 
compiled under his supervision, and issued to the Staff. In 1923 
he published , through Messrs. Longmans, his Telephone Manual, 
entitled " The Inspection and Testing of Materials , Apparatus 
and Lines," a ,·aluahle handbook for post office men ·employed on 
ins1wction clutil's. Some refercncl' must he made to the vast 
:lllrnu n t of labour and time expended on Committees of one kind 
or other. :\[r. Henle.1· served on verv manv of these bodies, 
;11110ng them being:-
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The Interdepartmental Committees No. 2, Materials; No. 5, 

Power Cables; No. 6, Telephone and Telegraph Wires and 
Cables. 

As chairman of the last-named, he represented it on the 
B.E.S.A. Committee \vhich issued Standard Specifications Nos. 
174-184. 

The Committee of the Department of Industrial and Scientific 
Research on the Preservation of Timber. 

The Committee of the British Electrical and Allied Trades 
Research Association on Composite Insulating Materials, Mica, 
etc. 

The Committee of the B.E.S.A. which published the Standard 
Specification for Vitrified \Vare Pipes. 

J\Iajor McClintock's Committ.ee on Fire Emergency in the 

Central Telegraph Office. 
This gives but a slight idea of the Committee work he per­

formed, for he did not spare himself, and made important con­
tributions to each and all of them. From the time he took charge 
of the Section, in 1919, his relations with the Staff were of a most 
friendly nature. He always felt his responsibility for them and 
used all legitimate means to further their interests. Personally, 
I found him an understanding and sympathetic chief and a good 
friend. It may be said that he knew what was good, did justly, 
and never strained the quality of mercy. 

He has always retained an interest in sport and has generously 
marked his retirement by presenting a silver cup to be competed 
for annually by football teams chosen from the London and 
Birmingham Testing Branches, and this, and the now well-known 
Telephone Manual, will help to keep his memory green. 

Nir. Henley is married and has two daughters; he suffered the 
grievous loss of his only son in the war, in r9r6. His positive 
and striking personality will be greatly missed. He takes into 
retirement the warm good wishes of his many colleagues and 
friends, and, judging from his excellent health and vigour, it is 
reasonable to hope he has many pleasant years in front of him. 
Mr. Henley is prominently engaged in church work and his 
recreations include higher mathematics and mental and moral 
philosophy. 

F.H.B. 

MR. EDWIN LACK, M.B.E. 

By the retirement of Mr. Lack, under the age limit rule on the 
rzth September, the Department lost one of the best known figures 
in the English Telegraph world. 

In January, 1882, he was appointed S.C. & T. at Hull-an 
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office which is notabl-e for the number of men who have joined the 
Engineering Department. It is thought indeed that Hull has 
furnished more officers for the Engineering Department than any 
other city or town in the United Kingdom at which there has not 
been a Superintending Engineer's Headquarters. One can recall 
the names of Harrison, Smart, \Nest, Youngs, Johnson, Mcinnes, 
Tinsley, Richardson, Anson, Burton, Statters, Platt, Hammond, 
Vickery, Tanner, Kemplay and others ·who have attained high 
rank in the Engineering Department. 

l\1R. EDWIN LACK, M.B.E. 

Mr. Lack took a great part in the formation of electricity and 
magnetism and telegraphy classes, of which he proved a very 
successful teacher, and several of the men whose names are men­
tioned above were his pupils. He also took an active part in the 
formation of the Signal Section of the Hull Rifle Volunteers (a 
rare luxury in those days) and became its first Corporal. 

He joined the Engineering Department as a Relay Clerk in 
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November, 1893, and after service at East Dean and Lowestoft 
was appointed Second Class Engineer at Dundalk in November, 
1899. Like other men who have had service in Ireland, he 
brought back not only experience but a fund of good stories. He 
was transferred to Brentwood in December, 1900, to Chelmsford 
in Deoemher, r904, and appointed First Class Engineer in London 
in November, 1906, where he had charge of the Victoria Section 
and afterwards of the combined Victoria and Mayfair Sections. 
He was appointed Staff Engineer, Second Class, and attached to 

the Telegraph Section in April, 1909, and Assistant Staff Engineer 
in July, 191r. 

The whole of his service at Headquarters was spent in the 
Tel<:igraph Section, during which time he was largely instrumental 
in devising improvements and developments in the telegraph 
seffice. In 1910 he was appointed a member of the Anglo­
German Telegraph Commission, which met at Berlin, and was the 
Engineer-in-Chief's representative at the opening of the cable laid 
by the Post Office for the ;\nglo-Norwegian Telegraph Service in 
the same year. He introduced the present system of morning 
testing of lines, after serving on the Testing Committee under 
Mr.-afterwards Sir \Villiarn--Slingo in 1913-14. 

A.t the outbreak of the Great 'vVar, l\!fr. (afterwards Lt.-Col.) 
Booth was appointed Assistant Director of Army Signals, and Mr. 
Lack took charge of the Telegraph Section for the whole period 
of the vVar. Among other things, he was responsible for 
equipping submarine cables from Beachy I-lead to St. Nazaire 
(France), from Peterhead to Alexandrovsk (Russia) and the 
Imperial cable from Penzance to Halifax, Nova Scotia. He 
established duplex repeaters at Dieppe for duplex Baudot \vorking­
for the service between London and Paris, and equipped with 
telegraph apparatus Lord Haig"s train for his movable head­
quarters. During the Irish troubles he carried out the transfer of 
the Direct United States Cable Office at Ballinskelligs. 

For his services during the war he had conferred on him the 
honour of a Member of the newly created Order of the British 
Empire in January, 1918. 

Among other improvements he arranged the application of the 
Gulstad vibrating relay arrangement to the Post Office standard 
relay, now known as the "G" Relay. By this arrangement 
many circuits which formerly had to he worked through repeaters 
can be worked direct. 

In 1924 he went on two occasions to the \Vest Indies in connec­
tion with the laying of the ne\v telegraph cables between Turks 
Island, Barbadoes, Trinidad, and Demerara. 

In the installation and adjustment of troublesome apparatus 
Nir. Lack is an acknowledged master, and Telegraphists or En-
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gineering Officers in difficulties always received from him not only 
capable but also the most friendly assistance. He never put on 
the attitude of superior knowledge, and his great experience and 
skill were always at the disposal of his colleagues. 

He vvas particularly fond of cricket, boating, fishing, etc., and 
in his later days has taken great interest in the game of bowls. 

On bis retirement he vvas presented with a 3-va·lve Radio set 
with loud speaker by his colleagues at Headquarters, ancl with "' 
tra\·elling bag by colleagues (chiefly old pupils) in the North 
Eastern District. 

His genial presence and friendly comradeship will be great] v 

missed, and all his friends will join in wishing him and Mrs. Lack 
many years of comfort and good health in his retirement. 

T.B.J. 

H. P. FEvV. 

On qth September passed awa:·, after a lengthy illness which 
had involved his premature retirement, Herbert Percival F·ew, 
late Staff Ofticer, Engineer-in-Chief's Office, aged 50 years. The 
interment took place at Pinner Cemetery. 

He entered the Engineering Department in 1902 from the 
London Postal Service and was engaged principally on Staff 
Establishment and accounts work in the Headquarter office. 
A.llhough of a retiring disposition he was known and esteemed 
for his sterling qualities by a large circle of office colleagues. 

Outside the Engineering Department he is perhaps better 
kno\vn by his text books in technical Telegraphy and Telephony 
and l\Iathematics, vvhich works have found their way into all parts 
of the British Empire. 

He leaves a wido\v and a son of 18 years of age. 

ALEXANDER E. KEITH. 

Telephone engineers ot all grades have recein�d ! he news of 
!he passing of Alexander E. E:cith with universal regret. Jle 
d ied on September the 2.:i-th last, at Chicago, in his 66th year. 

Automatic Telephony has lost an outstanding personali1y and 
a real pioneer, as Mr. Keith was associated with the primary 
development of the Strowger system in America as long ago as 
1893. From that time onwards he has consistently directed his 
energies to the perfection of m<lchine s1Yitching in telephony, and 
his name has been identified with many of the major ad\'ances in 
this extensive field. 

In thP course of his long career _Mr. Keith has filled many 
importan1 engineering and executive posts: it is in no small 
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measure due to his efforts, that the Automatic Electric Inc. of 
Chicago, is the vast and flourishing organisation it is to-day. In 
this country he is best known by the " line-switch " bearing his 
name. Prior to the invention of this earliest " preselector " type 
switch by Mr. Keith, the Strowger system, on its original basis of 
" one connector per subs. line," was little more than an interest­
ing mechanical experiment. The cost of providing a telephon1; 
service on the basic Strowger two-motion switch plan, was pro­
hibitive. The K·eith Line Switch revolutionised this, and machine 
switching vvas thereby enabled to commence its long, uphill 
struggle against prejudice and convention, with its most serious 
handicaps, that of excessive initial plant costs, practically removed 
at the outset. Competition with the many manually operated 
systems that held the arena with such apparent security became 
an accomplished fact. It can, perhaps, be claimed that this 
inv·ention of Mr. Keith is the most important contribution the 
science of automatic telephony has yet received, despite the fact 
that it was one of the earliest. 

Undoubtedly, many of our modern conceptions, such as 
trunking and grading, have their genesis in this the first pre­
selecfor switch. 

Simplicity is an attribute of genius-in invention, as in other 
things, and this is aptly exemplified in the Keith line switch. 
Just a line relay, a two-coil, single core electromagnet, attracting 
an armature carrying a pivoted plunger to engage the bank con­
tact springs. Quite simple, almost elementary, but it did its job 
and is, at the present time, doing it well. Nearly twenty thousand 
" Keith " Line Switches are " plunging in " on the service of 
British telephone subscribers. At least half of this number have 
stood the acid test of working conditions for nearly ten years. 
A.ncl the Keith Line Switch is not quite so prehistoric as many 
of us may imagine. \\That is the two-step relay but a variant of 
the combined pull clown and bridge cut-off? The principle is 
ihere, if the application be different. 

The Keith Line Switch had its limitations. l\lr. Keith him­
self was among the first to acknowledge them and to suggest 
alternatives. It has now been supplanted by the rotary type of 
preselector. Progress in a healthy industry inevitably imposes 
revolution of this nature. The cherished notions of to-day become 
the histon· of to-morrow. This is but the natural outcome of a 
ceaseless striving after perfection. It was this that produced the 
Keith Line Switch, and laid the foundation of Automatic Tele­
phony as w·e know it to-day. 

A fitting tribute to the memory of A. E. Keith is the fact that 
the experience which has led to the evolution of the Director, the 
Discriminator, and other of our modern complexities has been 
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gained largely on installations equipped with the Keith Line 
Switch. F.J.G. 

Mr. L. M. Ericsson, the Swedish Telephone Engineer and 
Manufactmer, died on Friday, the r7th December. 

Mr. Ericsson was the founder in rS76 of the organisation bear­
ing his name and therefore was the vVorld's pioneer manufacturer 
of the Commercial Telephone. He commenced business in a verv 
modest way, but being a man of keen intelligence and foresight 
his business rapidly grew until to-day it is the largest telephone 
manufacturing concern in Europe. In this and other Countries 
the Ericsson concern employs many thousands of workpeople. 

THE ROMANCE OF THE FORTY THIEVES. 

(rdoDERN VERSION). 

Ali Baba in years gone by uttered the magic words " Open 
Sesame,'' and behold the treasures of the world were revealed to 
him. 

The romanoe of the modern forty thieves and the treasure they 
found is well worth recording, and it will have served its purpose 
if it stirs the young men in the Post Office Engineering Depart­
ment to the chances open to them and the positions in the service 
to which they can attain if they only ,,·ork for them. 

Just over three years ago the Research Section, Doll is Hill, 
required officers for ?..lain Cable Testing work. The question 
was : '' Can we obtain suitable men from the rank and file? '' 
The answer was : '' Tn·.'' 
300 young men sat for it. 
them U nestablished Skilled 

,\n examination':' was held and about 
Of these, 40 were chosen-most of 

\Vorkmen and Y ouths-ancl thev set 
nut for Dollis Hill to commence tlw training courst'. 

There were tall men, small nwn, stout men and thin men ;  in 
one corner could lw heard the Cockney dialect, in another tlw 
Yorkshire, in another the Lancashire and in :mother the Scottis!J 
-a modern Babel indeed-but ther·e \Vas one thing these young 
men had in common, and that was the ambition to succeed. 

The class started in Julv 1923, and the fact that these vouno-- - "' 

members of the staff were ver_,- keen on their work soon drew 
attention from other members of the staff and some one in jest 

* Messrs. A. B. ?lforice and A. !\'!orris. " The Training of Officers of the 
British Post Office Engineering Department in Precision Testing of Underground 
Cables ": Journal P.O.E.E., July, 1926, Vol. 19, Part 2, p. 196. 
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nicknamed them "The Forty Thieves." Thieves, in a sense, 

because knowledge was the plunder, and, as will be seen later, 

the spoils were very even! y divided. The name '' Forty Thieves '' 

has endured, so much so, that individual members of the class are 

novv labelled as one of the " Forty Thieves." 
At the end of a seven weeks' course, 23 members of the class 

were se\.ected for the work on hand, and the remaining 17 were­

aft.er a period of practical training-returned to their districts to 

act as reserves. All members of this class v·:ere given the tem-

porary rank of Acting Inspector. 
· 

Three years have passed and these men-the greater number 
still on the best side of thirty-are now for the most part in the 
major ranks of the service. 

Here are the figures : --· 

Assistant Engineers 
Inspectors ... 
Acting Inspectors 
Returned to District 
Traffic Appointments 
Left Service 

14 
12 

4 
2 
2 
6 

I am sure that now the tale has been told there is no one but 
will agree there is some romance even in this practical service of 
ours. The chance still remains-examinations for Inspectors and 
Assistant Engineers are still being held-and every eligible 
youngster should try to follow the footsteps up the hill and prove 
that there are more good fish in the sea than have ever been taken 
out of it. 

No. 5. 

LONDON DISTRICT NOTES. 

DURING the quarter ended September 3oth, 1926, the number 
of exchange lines, internal -extensions and external extensions 
provided and recovered were as follows : --

Exchange Internal External 
llnes. Extensions. Extensions. 

Provided 9,063 5,276 916 
Recovered 3,256 3,088 531 

Net increase ... 5,807 2, 188 385 
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EXTER"1AL CONSTRUCTION. 

Niileage Statistics. 

During the three months ended 3oth September, 1926, the 
following changes have occurred : -

Telegraphs.-A net decrease in open wire of 52 miles and a 

net increase in underground of 326 miles. 
Telephones (Exchange).-A net decrease in open \1ire (includ-­

ing aerial cable) of 156 miles and a net increase in underground 
of 42,481 miles. 

Telephones (Trunk).-A net decrease in open wire of 2 miles 
and a net increase in underground of r, 199 miles. 

Pole Line.-�.'\ net increase of 97 miles, the total to date being 
s,549 miles. 

Pipe Line.-A net increase of 447 miles, the total to date being 
7,233 miles. 

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

Telegraphs 
Telephones (Exchange) 
Telephones (Trunks) 
Spares 

1"1TERNAL CONSTRUCTION. 

N cw Exchanges. 

25,120 
r ,Sor, 700 

63,853 
69,504 

Rodney Exchange, C.B. No. (Ped-Connor), of 3,900 
capacity fully equipped, was opened on October 2nd to serve 1. 

portion of the Walworth Area. Reliance Exchange is being 
aocommoclatecl on this equipment temporarily. 

The old Kellogg Exchange at Battcrsca, \\ith its relief ex­
change of Latchmcre, \\as replaced by a 10,000 line C.B. No. ; 
type Exchange (General Electric Co.) on the 16th October. The 
present fitted capacity is for l,740 direc1 lines. 

A C.B. No. ro Exchange with 6-panel multiple, inst,dlecl by 
Messrs. Siemens, replaced a magneto exchange at Hexlcy Hea!Tz 
on November 6tb. It is a J,ooo li n e  S\Yitchh(�;ir�_:, 1lw prcsl�111 
equipment being for I, roo. 

A new C.B. No. r Exchange has been installed at Hiirgh 
Heath b:' Messrs. Ericsson. It has an ultirnatf'. capacity for 4,500 
lines; the present fitted capacity is for J ,7--Jo direct rxc:hangt' lines. 

Seven Kings \Yas opened as a hypothetical Exrh;rng·r on ]!ford 

in July. The new Exchange (Siemens C.R. ?\n. ro, r,500 lines) 
vYas opened on December 2nd. 

TVallington New Exchange (C.B. No. r) is 1waring com­
pletion and will be opened in the first Cjttartrr of JCJ27. This is a 

VOL. xrx. cc 
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Peel-Connor Exchange and the present equipment is for 2,900 
lines. 

Automatic Exchanges. Progress is being made with the in­
stallations at Mechanical Tandem, Bishopsgate, Holborn and 
Sloane. 

C.C.I. The group of Coder Call Indicator Positions in the­
ist Zone, comprising Addiscombe, Thornton Heath and Croydon 
Exchanges, have been tested out in readiness for use on the 
opening of the Mechanical Tandem Exchange at Holborn. 

Hall Multi Coin Boxes. Coin Boxes of this t_1·pe are gradually 
faking the place of the Coin Collecting Boxes in the Inner London 
Area. Call Offices in the Paddington and Gerrard Exchange 
Areas have been converted, and Royal and Museum "-\reas are in 
hand. It is expected that 2,000 of the Prepa_11ment boxes will be 
fitted within the next vear. 

POST 

THE 

OFFICE 

INSTITUTION 

ELECTRICAL 

OF 

ENGINEERS. 

ELECTfON OF COUNCIL FOR YEAR 1926-7. 

REPRESENTATIVE OF ASST. & 2ND CLASS EJ\'GINEERS. 

THE result of the election in respect of the above representative 
is as follows:-

':'Hay, P. G. 
Gear, \V. J. 
Gray, H. C. 

The names are arranged in the order of votes polled and the 
successful candidate is indicated by an asterisk. 

LOCAL CENTRE NOTES. 

LONDON CENTRE. 

SESSION 1926-27. (FmsT HALF). 

THERE has been a steady increase in the Membership during the 
current year, and it is pleasant to record that there was a gratify­
ing response to the application for papers for the general meetings. 

The Session was opened by an address from the Chairman, 
Lieut.-Col. E. G. Lee, M.C., B.Sc., M.I.E.E., the subject chosen 
being " Transatlantic Telephony." As was anticipated, the 
attendance reflected the great interest which is taken in \Yireless 
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Telephony in these days, there being 202 present. The address, 

which dealt with up-to-date developments of Radio Communica­

tion between this country and America, was supplemented by 

slides showing the Rugby \Yireless Station and some highly 

int·eresting curves illustrating the effect of atmospherics on audi­

bility at different periods of the day. 
On the 9th November, Mr. \\T. Day, M.l.E.E., read a paper 

on "Phases in Automatic Telephony." The paper dealt with 
the subject under the following headings : -

Numbering schemes in .Multi-Office Are'1.s; Fundamental con­
siderations concerning traffic discrimination; Statement of Prin­
ciples embodied in existing types of discriminating switches; 
Common defects ; Characteristics of an ide'11 discriminator; a 

P .0. Traffic Discriminator for Director meas; A limit to the 
economic use of common plant; Notification of abnormal plant 
conditions; Nature and effect of irregularities; Methods of control 
and indication in Main Exchanges; Transmission of emergenn 
alarms from unattended Satellites to their Parent Exchange. 

In dew of the popularity of automatics there was no dearth of 
speakers, some of whom provided the light relief so necessary in 
a weighty subject of this nature by allusions to the \\·ord " phase " 
and its various definitions. It is not at present proposed to print 
this paper, but a copy has been deposited with the Librarian for 
reference by the M·embers. 

On the 14th December Mr. H. Kitchen, M.I.E.E., read a 
long-awaited paper on " Economics of Line Plant Provision." 
This highly interesting contribution dealt with such subjects as 
comparative capital and annual costs for underground and ove.-­
head systems, apparatus for thrust boring, contract 'Norks, auto­
matic layouts for multi-office areas, determination of practical 
telephone centres, and the controversial question of " teeing. ' 
A spirited discussion was opened by Capt. J. G. Hines and repre­
sentative opinions were obtained from lVfajor H. Broi\"n and others. 
Mr. \V. B. Crompton gave an explanation of the simplicity of the 
" teeing" arrangements. It is unfortunate that the discussion 
had to be somewhat curtailed owing to the late hour. 

In continuance of its policy, the Committee have arranged for 
a series of informal meetings, and the first of these was held on 
the 26th October, when Mr. G. F. O'dell, B.Sc., A.K.C., 
:i\tl.l.E.E., opened a discussion on "The growth of American 
Influence in the Post Office." The record attenclanc·e at this 
meeting must hav·e been very gratifying to the author. May one 
dare to suggest that the large attendance may not have been 
wholly due to the popularitv of Mr. O'dell, but might in some 
measure be explained by the fact that th-e subjects dealt with 
represented only about ro per cent. telephones? 
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The second informal meeting \Vas held on November 23rd, 

when J\I r. \ \ •. Do I ton, .i\I. l. E. E., offered some observations on 
"Electrolytic Damage in the London District." It is unfortunate 
that so many members were unable 1.o be present at this meeting 

as .Mr. Dolton had evidently taken a great deal of trouble to 
prepare his subject matter and erect the demonstration apparatus, 
the result being a highly interesting and instructive address. It 
is, however, very nice to record that the majority of the members 
present entered keen! y into the discussion. 

Arrangements were made for a visit to the Standard Telephone 
Company's Hendon vVorks on the 28th September. The number 
of members wishing 1.o attend was so large that a ballot was 
necessary, and the successful 140 had a most enjoyable time. 
The party were conducted round the \V orks in a manner which 
reflected gr-eat credit on the Standard Company's organisation. 

·The Committee would like to take the opportunity of thanking the 
Managing Director and his Staff for the excellent programme 
arranged for the visitors. 

It is proposed to visit the G.P.O. Hollowav Factory early in 
January. 

F.\A.T.F. 

EASTERN CENTRE. 

The following 1s an extract from a paper read before the 
Eastern District, I.P.O.E.E., Local Centre, by Mr. C. J. Jones, 
Officer-in-Charge Fenny Stratford Repeater Station, at the 
Majestic Cinema, Fenny Stratford. 

The paper was excellently illustrated by slides. 
Mr. J. F. Lamb, M.I.E.E., Superintending Engineer, pre­

sided, and was supported by Major Bachelor, D.S.O., Assistant 
Superintending Engineer, Mr. A . . J. Sharpley, Sectional En­
gineer, St. A.lbans, Nir. \\'. Cruickshank, M.I.E.E., and l\lr. 
E. S. Ritter, D.F.H., A.M.I.E.E., and other officers from E.­
in-C.'s office, Mr. S. \1\r. Bassett, Technical Section, Cambridge, 
and many otlwr engineers and officers of the Eastern District. 

A ver�· intelligent interPst was display-eel by the Eastern 
District ancl a good attendance r-esulted, approximately eighty 
members and associates being present. 

Mr. Lamb proposed a vote of thanks to Mr. C. J. Jones, who 
suitably replied. 

Owing to lack of time no discussion took place, but the meet­
ing adjourned to the Repeatf'.r St;:ition, ·where one of the engines 
was started to enable the party to watch operations on the spot. 
The party \vas made up into four groups and conducted round the 
station, while a detailed explanation of the plant was given hy 
Mr. C. J. Jones, ably assisted hv three of his staff. 
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The photos are by Mr. J. E. Statters, Messrs. Hed.'s Times 
Publishing Co., and :Mr. \\'. G. Berri!!, a member of the Repeater 
Station Staff. 

FENNY ST"ATFOl<.JJ REPEATEl<. STATIUN. 

By c. J. ]ONES. 

Repeaters ·were first installed at Fenny Stratford in the year 
i9r9. The installation was carried out by the local staff, under 
!he supen·ision of the E.-in-C.'s Office, Telephone Section. These 
repeaters were known as the 21 type, i.e., ''Two-way, one valve, 
one stage." They were installed in the old Main Line Test Hut, 
and the circuits in which they were inserted \Vere 7 phantom un­
loaded circuits in the TSX-BM-LV cable. Tliese c i rcu its have 
since been loaded and the cable put straight through without 
repeaters. 

FIG. 1.-FENNY STRATFORD REPEATER STATION. 

'Nhen the London.:._ Manchester Cable was laid, in 192 r, a 
temporary Repeater Station, equipped with 40 22-type repeaters, 
was installed in the Test Hut and a temporary but erected to house 
the Power Plant, consisting of D. 10 H.P. oil engine and the 
necessary batteries for the filament plate and grid circuits. This 
plant was in use up to the time of the transfer of the Manchester 
Cable into the new Repeater Station in June, 1925. The tem­
porary Repeater Plant is being transferred to Manchester and the 
Power Plant has been transf.erred to Marks Tey R epeater Station .  

The new I�epeater Station i s  s ituated where the main \Vatling­
street crosses the Grand Junction Canal and is adjacent to the 
" Old Main Line Test Hut." Those officers of the department 



LOCAL CENTRE NOTES. 

who served with the Royal Engineers doubtless remember the 
place well. 

Fig. 1 shows side view on Watling Street. 
The distance from London is 46 miles and from Derby 82 

miles. The building is of brick with reinforced concrete floors. 
The roof is fiat, being so designed for the extension of the build­
ing upwards. It is at present a two-storey building and the 
layout is as follows:-

Basement.-A cable chamber where the Trunk cables enter the 
building; Heating Installation chamber. 

Groimd Floor. Power Room, Battery Room, Linemen's 
Room, and Lavatories. 

First Floor. Repeater Room, Inspectors' Office and Lim�­
men's Room. 

The building was designed to accommodate woo repeaters 
(ultimately). 

Fie;. 2.-FENNY Sn<ATFORD PowER BOARD. 

Power Plant (Engine Room).-The plant consists of the follow-
mg :-

2 So BHP semi-diesel ,engines. 
2 32 Kilowatt Machines (for charging filament A batteries). 
2 r r Kilowatt Machines (for charging plate B Batteries). 
2 Ringing Dynamotors for r7 cycle ringing circuits. 
2 Electric Motors, 5 H.P., for driving compress9rs. 
2 Electric Motors, 2.Z H.P., for driving fuel pumps. 
2 Electric Motors, 2 H.P., for driving cooler pumps and 

fans. 
2 Heenan \Vater Cooling Plant for Engines. 
2 Air compressor pumps for charging containers. 
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Power Switch Board of 4 panels, equipped with the 
necessary switches, circuit breakers, and testing instru­
ments. 

Travelling Crane for lifting weights up to 25 cwt. 

Fig. 2 shows the Pow·er Switchboard . 
. The engines ar·e direct-coupled; one 32 Kilowatt Generator, 

32 volts at r,ooo amps., for charging A Batteries, and one I I 

Kilovvatt Generator, 200 volts at 50 amps., for charging B 

Batteries. The air compressors, motors, and cylinders are us·ed 
for starting the engines. A safety device, the Moniton Valv.e, is 
associated with the water cooling system. The fuel used is crude 

FrG. 3.-FENNY STRATFORD BATTERY RooM. 

oil of a specific gravity .93. The oil is stored in two 2,500 gallon 
tanks situated under the front entrance. The oil is conveyed 10 

the subsidiary tanks by electrically driven rotary pumps. A few 
details with respect to the Engines and Power Plant may be of 
interest. 

\i\Teight of flywheel = 6 tons 14 cwt. 
Height ,, = 9 ft. 2 ins. 
Width ,, = r ft. 4 ins. 
Cost of fuel per unit generated = �cl. 
Makers : Messrs. Ruston and Hornsby, Lincoln. 
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Machine and Power Cables were supplied and installed by 
Messrs. Newton Bros., Derby, both firms being sub­
contractors to Messrs. The Automatic Telephone Coy., 
Liverpool, who were the main power plant contractors. 

Power Plan/, (Hattery Ruom. Fig. 3).-The Batteries were 
installed by the makers, the Alton Battery Coy., Alton, Hants, 
who were sub-contractors to The Automatic Telephone Coy., and 
consist of the following : -

412 

2 ("A") Filament B a tteries , 24 volts of 5,075 amp. hr . 
capacity, with an ultimate capacity of 9,450 amp. hr 
These capacities are calculated at the 10 hr. rate. 

V\Teight of r Cell = 2 tons 4 cwt. 
Total weight of "A " Batteries = 52 tons r6 cwt. 

Frc. 4.--FENNY S·rn.HFOIW 2-WIRE REPEATER RACKS. 

" B" Plate Batteries. There are 3 sets of 75 cells, i.e., 150 
volts of 300 amp. hr. capacity, and are utilised as 
follows:-

r set on Plate circuits of Repeaters. 
r ,, ,, Electric Light circuits (123) and Auxiliary 

Motors. 
r ,, ,, Charge, or in reserve. 
5 Regulating Cells for use in Electric Light circuits. 

" C " Grid Batteries. 2 sets of 5 cells, each 10 volt 20 amp. 
hr. capacity for priming the Grid circuits. 

" D "  Counter E.M.F. 2 sets of 10 cells, each 20 volt for 
opposing the " B " battery to give a terminal voltage of 
130 volts for the plate circuit. 

Total number of cells in Battery Room = 284. 
Peak load " A " Battery roo amps. 

" " " B ,, " = 2.5 " 
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Repeater Room .�The cables serving the building are the 

TSX.l\II\ cable 160/40 and the TSX.DY cable 88/40 and 156/20. 

[\11 cables pass to the Repeater Room from the cable chamber 

'L'ia tbe cable chute and are terminated on Tablets, TK Test, 18 

circuit. 
"�\ Cable Test Desk equipped with a precision test set is pro­

,·idecl for dealing with incipient faults. 
From the line transformers the circuits are ca bled to the Cable 

Distribution Frnme, 11·here they are cross-connected to the Re­
peater Units. 

Fig. 4 shcms a general Yiew of the 2-wire Repeater Racks, with 
the Voltage Control Boards in the foreground. 'l\;;o additional 
racks have been installed since this photograph was taken. 

Four-wire repeater units han been installed by the G.E.C. 
This eq uipment is of a temporary nature and is known as the Fire 
Emergenc_1 Equipmenl. On the completion of the 4-wire equip­
ment 1101\' being installed h_1· the Standard Telephones and Cables 
Ltd., the temporary 4-\\·ire equipment \1·ill be recovered, and 
.stored for use in emergency. 

The station at the time of \nit ing has 146 Repeaters workin g, 
and is equipped with the fol lovving :-

268 2-wire repeaters = 536 valves 

54 4 " " = 216 " 
13 4 " " = 53 " 

Total 804 " 

c\ Repeater Test Desk equipped with an impedance bridge, 
gain set, and equipment for connecting lines to other stations and 
Repeater Racks, will be installed shortly. The whole of the 
R epeater and associated apparatus was installed by the Standard 
Telephones and Cables Ltd. with the exception of the temporary 
4-wire equipment . 

NORTilER::\ CENTRE. 

The Session opened on the 2oth October, when the Vice­
Chairman of the Centre, Mr. F. G. C. Baldwin, M.I.E.E., intro­
duced a paper on " Scientific Organisat i on and the P .0. Engineer­
ing Department,'' which was taken as read in order to afford 
sufficient time for discussion. The paper dealt in a g·eneral wa_v 
1Yith scientific management in relation to the work of the Depart­
ment and of the individual worker and gave illustrations of the 
application of scientific organisation with satisfactory results 10 

certain aspects of the work in the Northern District, e.g., Repair­
ing of Telephone Switchboard Cords, The Han dling of Stores, 
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etc. Composite \ \'orks and their organisation, and the relation­
ship of Planning to the Execution of \Vorks were also subjects of 
detailed consideration, and the paper concluded with the suggestion 
that the subject of scientific organisation should be " included in 
the curricula of all our educational establishments as an essential 
companion to the pure and applied sciences and provided for in 
the syllabus of our examining bodies," the author's opinion being 
that "the planning of works in a scientific manner, the preparation 
and use of comprehensive works instructions, the organisation of 
\\Orks and the ·exercise of scientific methods generally as labour 
saving and economic measures can all be developed to a much 
higher state of perfection with v·er_\· important adYantages to the 
Engineer and the Department generally.'' 

The second meeting of the Session was the occasion when Mr. 
J. Lane's paper on "The Control of Advice Note Work " was 
the subject of consideration and discussion, the paper being 
accepted as read. The paper covered the specified ground in a 
very complete and adequate manner and will be a valuable "vade 
mecum " to all members interested in this phase of the Depart­
ment's work. In the opening paragraphs of the paper Mr. Lane 
stated that " the provision of additional tdephone facilities ;s 

second in importance only to the maintenance of the service to 
existing subscribers and in the same way as everyone realizes the 
necessity for, and takes a pride in, restoring the service without 
delay in the case of breakdmvns, so special efforts should be made 
to complete quicklv orders received for new subscribers. Further, 
the staff comes into immediate contact with the public and the 
credit of the Department is closely associated with the speedy 
execution of this class of work, and in addition it is highly desir­
able that non-revenue earning plant should be brought into 
operation as quickly as possible. The Secretary to the Post Offiot> 
very strongly supports the view that nothing more seriously tends 
to discredit the administration of the telephones than delay in pro­
viding service, and the object of this paper is to illustrate and 
facilitate the control of Advice Note work." 

The members of the Centre have been invited by the Institution 
of Electrical Engineers to attend the Faracla.v Lecture by Professor 
Thornton, 0.B.E., D.Sc., l\LI.E.E., on the 24th November, the 
subject being '' \i\That is Electricity? '' 

\VEST HARTLEPOOI� EXCHANGE TRANSFER. 

On the 25th September last another link with the past was 
severed when the subscribers at \Vest Hartlepool were transferred 
from the old Magneto Exchange to the new Siemens' No. r6 
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Automatic Exchange. The subscribers at Hartlepool were trans­
ferred at the same time-Hartlepool being a satellite Exchange. 

The installed capacity of the new Main Exchange is:-

Ordinary Subs. Coin Box Lines. 
Initial Equipment 
Ultimate ,, 

I IOO 30 
1700 50 

with lVI .D.F. equipment for 3,080 lines. 

The capacity of the Satellite Exchange at Hartlepool is:-

Ordinary Subs. Coin Box Lines. 
Initial Equipment 
Ultimat·e ,, 

with ?vI.D .F. equipment for 480 lines. 

170 
200 

IO 
IO 

The J:VIain Exchange is accommodated in a substantial building 
purchased b_v the Department and adapted by the Office of vVorks 
for the purpose. It is situated about 400 yards from the old 
Excbange. 

-WEST HARTLEPOOL-
-CIRCUIT ARRANGEMENTS FDR TRANSF£R TO -

- NEW AUTOMATIC EXCHANGE (LOCAL LINES)-

Nt;?'TC:5.-
.M<:'"W EXCHA�� �IP/WeNT ,...,.... ...... t!1C 1s=ATE':J 

� Wa,.?KIN'O £.IN�� EITHl""R BY MEAN� OF 

IN.SUL.A TfNG �o weoces IN5�RT£0 A:i .Sl'IEWN 

OR' >'VI THORA WL o,,,- l""l/S£S AT w A� 

,e-X'TRA L e'N'OTH 0,.. l'YI� TO �E LEl"T ON 
.S 6' C CA�� CONN�T/OIV-!J AT Th'� 77M£ 

THEY AR£ C'r::VVNECTEO TO 114 D F 

,--� '' 
�E n.e:covEREO � ' I 

A,,...T�R THANS,...l""R : : --- /'CR#fANL'-'T 

t:::v .... - CRO$� CC'N.A�CT/NO vv1RE5 

/ ==" :: 

JI// "::::: ::::: J' -
>i=· 

T.C�D l 
�::�;;:�;;;R 

�------� 

:.00� C/RC'Ul'T 'TO 

-METHOD OF MAKING T£ED-
-CONNECTIONS ON M. D F.-

Owing to the situation of the Exchange with respect to the 
cabling and also clue to a development scheme being carried out 
at the same time as the transfer arrangements, it was found 
possible, by utilising the spare wires, to loop all the working 
circuits through the new Exchange M.D.F. and back to the old 
Exchange. The arrangements made were such that there wer·e no 
external tees either underground or open. In all cases the tees 
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were made on the new Exchange M.D.F. in the manner shown on 
the accompanying diagram. 

\\Then the external cables were terminated on the new Exchange 
.i'll.D.F. a!); inch extension was J.eft on every S. & C.C. wire end. 
To these extensions the temporary jumpers carrying the circuits 
back to the old Exchange were soldered as shown in inset on 
diagram. The temporary jumpers were not passed through the 
jumper rings, but were tied together outside the rings. This was 
in order to aYoid interference with the permanent jumpers and to 
facilitate speedy removal aft.er the transfer. After all the jumper­
ing had been completed the S. and C.C. wire extensions not 
required for cross-connecting were cut away. 

Except for testing purposes the fuses were not inserted at 
" A " until the day preYious to the transfer, prior to which the 
new exchange equipment had been insulated by means of sash 
line inserted between the Test Springs of the Protectors. . 

Special telephone circuits were provided from the Auto Ex­
change to the principal points affected by the transfer, and in 
these cases a loop was made in the sash line so as not to insulate 
the Test Springs of the Protectors concerned. 

At the old Exchange the usual arrangements ''vere made fur 
transfer by withdrawing the Heat Coils, prepared linen tape 7 /811 
wide folded to 7 / 1611 being inserted behind the Heat Coils on both 
sides of each 50 line strip, the tape being looped at the bottom. 

At Hartlepool Exchange the new Automatic Exchange was 
installed in the same building at the Magneto Exchange, and in 
this case the Auto Equipment was terminated on duplicate pro­
tector apparatus on the l\f. D. F. The method of transfer was first 
to insert wedge-shaped hardwood strips in the line springs of the 
protectors serving the old Exchange Equipment and then to 
·withdraw the sash cord from the line springs of the protectors 
serving the new equipment. 

Half the trunks and junctions were transferred in advance at 
r .o p.m. To enable this to be done, instead of sash cords, wood 

wedges were used for insulating the Test Springs of the Pro­
tectors, those in the Junctions transferred in advance being with­
drawn s·eparately. The remainder of the wood wedges in the 
Junction circuits were threaded with whip-cord and were dealt 
with at the same time as the Main transfer. 

At 2.0 p.m. the signal was given for the transfer to be carried 
out; the Heat Coils were withdrawn at the Old Exchange, after 
which the wood wedges and sash cords were withdrawn at the 
New Exchange-the transfer at Hartlepool proceeding simul­
taneously. The whole period occupied by the transfer was on I y 

35 seconds, after which the Traffic Staff immediately commence�! 
to test out. 
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The actual number of working lines transferred was : -

Direct Exchange Lines 1r1 1 

Junction Lines r 2 

Trunk Lines 6 r 

I 184 

The number of faults after the transfer being: ---
Line ... 3 
Exchange 
Subs. Apparatus 

or approximately 1 % . 

s 
3 

II 

After the testing out had been completed, the whole of the tees 
were cut a\vay and the temporary jumpers removed from the 
i\ I.D.F., this \vork being completed befor·e 9.0 p.rn. 

In order to avoid interference from the subscribers' magneto 
apparatus the work of cutting away the old apparatus and com­
pleting the permanent connections on the auto apparatus was 
immediately commenced, and this work was completed by the end 
of the following week, the apparatus being afterwards collected 
by motor van. 

It should perhaps be mentioned that although it was necessary 
after the transfer to open joints at certain points in order to restore 
spares to their respective D.P.'s t he \vork carried out was on spare 
\vi.res onl_1- and there \vas no interference ,,-ith an_1- working circui!. 

J.J.S. 

SOUTH LANCS. CENTRE. 

The Session was opened on the 18th Octoher with an address 
by the Chairman, :!\Jr. \V. ] . .i\lec!lyn, outlining the "Progress 
and Development in the Post Office Eng-ineering Department " 
during the preceding year. The annual resume of the Depart­
ment's activities is highly appreciated by the membership and on 
this occasion the address surpassed in intf'rest thosr. of previous 
vears. 

The lecturer for the second meeting of the Session held on 
November 15th \vas .Mr. A. Magnall, until recently Sectional 
Engineer of the '.VIanchester \:\'est Section. The subject selected 
hy the lecturer was his " Reminiscences." A brief review of his 
career was given which proved both interesting and instructive. 
He described how starting on the lower rung of the ladder he had 
climbed to the position of Sectional Engineer ancl ascribed his 
success mainly to bard work. }\Jan;· problems with which he had 



LOCAL CENTRE NOTES. 

been controntec.I over his long experience, as telephone engineering 
practice developed, were described and were illustrated by a 
number of lantern slides. Some instances in which, in pursuance 
of his duties, he had found himself in difficult and dangerous 
positions, were related, and the manner in which he extricated 
himself bore witness to his capacity, 1Yell kno1Yn to his colleagues, 
for overcoming difficulti·es which to many would baYe appeared 
insurmountable. The lecture was interspersed with a lively 
humour and the remmiscences of one 1yho by sheer hard \\"Ork and 
determination has made good, should prove an inspiration to the 
younger members of the Institution. 

A pleasing feature of the occasion was the presence of col­
leagues with whom the lecturer had been associated in the earlier 
stag'es of his engineenng career. Among these was Mr. J. M. 
Shackleton, whci proposed the vote of thanks, and Messrs. J. 
Nevin and]. Parker, who preceded J\lr. Magnall in retiring from 
the strenuous life of the Post Office Engineering Department for, 
it is hoped, a long period of leisure. A separate article dealing 
with Mr. J\lagnall's retirement will be found below. 

MR. ALFRED MAGNALL. 

The l 7th October, 1926, marked the retirement from the service 
of Mr. Magnall, Sectional Engineer, Manchester West Section. 
It is with very genuine regret that we record the official passing 
of our old friend, for his sterling qualities of heart and mind had 
endeared him to everyone. 

Mr. Magnall's service extends over 43 years, commencing with 
the Lancashire and Cheshire Telephone Co., which he joined in 
Liverpool in 1883. He rose rapidly from Lineman to Inspector 
and then to District Manager, \Varrington. But in this last 
capacity his engineering abilities were somewhat wasted and he 
was very soon promoted to be Engine.er at l\fanchester with a large 
and doubtI.ess welcome addition to his salary. He entered on his 
new duties with an enthusiasm which never waned. He was 
always generous in giving the results of his vast experience to his 
colleagues and he has many lectures and papers to his credit. It 
would, moreover, be fair to describe Mr. Magnall as one of the 
pioneers in the development of modern external plant. 

In 19 l l Mr. Magnall was responsible for the lay-out of the new 
telephone system in Constantinople, and it must be a source of 
pride to him to know that his forecasts han been full\· iustified in 
the years which have elapsed. 

- . 

With the transfer of the local telephone systems to the State, 
Mr. Magnall became a civil servant and very soon earned the 
affectionate regard of everyone. If reason for this be denrnnded, 
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then it is to be found in a vivid personality allied with transparent 
honesty in all his dealings and directed by a kindly heart. · 

Owing to the uncertainty of Mr. Magnall's future plans the 
presentation, made to him on the 18th October, had, perforoe, to 

take the form of a well lined case of Treasury Notes. The meet­
ing was presided over by Mr. Medlyn and the presentation made 
by Mr. T. E. Herbert, who claimed Mr. Magnall as a friend of 30 

years' standing. 
T.E.H. 

MR. ALFRED MAGNALL. 

NORTH WESTERN CENTRE. 

The opening meeting of the 1926-27 Session was held in the 
Lecture Hall of the Preston Scientific Society, Preston, on the IIth 
October, 1926, when a paper entitled "A Comparison of Desicca­
tion Methods " was read by Mr. E. Hopper. 

Mr. Shackleton presided, and in his opening remarks referred 
to the interestin� programme arranged for the \i\linter Session. 
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Mr. Hopper opened his paper with an explanation of the 
physical considerations involved in the process of desiccation and 
proceeded to explain the application of Dalton's, Boyle's and 
Charles' laws. The questions of pressure and temperature were 
dealt with at length, the advantages of the use of Carbonic Acid 
Gas, Compressed Air, etc., compared, and the treatment of isolated 
joints touched upon. The paper was illustrated by special appar­
atus and diagrams and was followed by a useful discussion. 

The second meeting of the 1926-27 Session was held in the 
Lecture Hall of the Preston Scientific Society on the 2nd 
November, 1926, when a good attendance of members assembled 
to hear a paper entitled "Local Line Plant Economics " by Mr. 
H. Kitchen, of the Engineer-in-Chief's Office. Mr. Shackleton 
lwesided, and before the proceedings commenced the members 
present stood in silence as a mark of respect for Captain A. W. 
Sirett (Executive Engineer, Preston External Section), who had 
passed away since the last meeting of the Centre. 

The Chairman explained that owing to unavoidable circum­
stances it was not possible for Mr. Kitchen to attend in person to 
read his paper, but that Mr. Vv. B. Crompton, of the Local Lines 
Section at Headquarters, had kindly consented to come to Preston 
and read the paper in l\fr. Kitchen's stead. 

The paper opened with a ref.erence to the subject of expenditure 
on local line plant, and statistics illustrating the financial position 
of the s·ervice were presented. The general question of economics 
was then dealt with and the following items were covered :-Ducts, 
\Vood Troughing, Boring Apparatus, Contract vVork, Teeing· 
Systems, Records, Types of Cabl·es, Overhead vVork, Lay-out of 
areas, Junction & Line Plant, Transmission, etc. The paper was 
illustrated by lantern slides. 

A hearty vote of thanks "livas accorded to Mr. Kitchen for his 
interesting and informative contribution and to Mr. Crompton for 
his kindness in reading the paper and for his lucid exposition of 
the various details. A number of points were raised in the dis­
cussion to which Mr. Crompton r·eplied at length. 

A meeting of the Centre ·was held at Preston on the 6th 
December, 1926, when a paper entitled '' \i\T ays and Means in an 
Engineering Section " was read by Mr. S. Upton, A.M.I.E.E. 

Mr. Shackleton presided over a good attendance. 
Mr. Upton opened his paper with a r·eview of the scope of the 

subject and proceeded to deal with the following points :-Staff, 
·yv orks, Faults, Correspondence, General Office \�Tork, Recruit­
ment and Training. The paper was illustrated by speciallv pre­
pared diagrams. 

Upon the proposition of Mr. \V. J. Finlayson, seconded by 
Captain Buchanan, and supported by other speakers, a hearty 
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vole of thanks was conveyed ! u J\1 r. C ptu n for h i.s in leres1 ing 

paper. An anirna!ecl discu ssion foll<J\n�cl �111d many points \Vere 
raised to which �Ir. Cpton replied . 

D. BARRATT. 

CAPTAIN ALBERT \VILLIA�l SIRETT, R.E. ('f.), A . .l\I.I.E.E. 

The friends throughout the service of Captain A. \V. Sirelt will 
regret to hear of his premature death at his home in Fulwood, 
Preston, on the 23rd October. Captain Sirett, who was in his 
fifty-seventh year, ·entered the Post Office service on the rst April, 
1885, as a telegraphist at Manchester, where his father was Super­
intendent of Telegraphs. In September, 1891, he \Vas transferred 
to the Engineering Department as a 2ncl Class Junior Clerk, and 
afrer service in that capacity and as rst J unior Clerk, first at 
"\Ianchester under the late lVI r. John Doher ty , and af tern ards at 
Cork and Newcastle, he was appointed 2nd Class Engineer on the 
rst May, 1897, with head quarters at Coventry . On promotion to 
a lSt Class Engineership Captain Sirett remoYed to tlie South 
\;Vales District in Ap ril, 1906, and was stationed at Gloucester as 
Sectional Engineer, where in due course he passed to the new 
class of Executive Engineer on the lSt July , 191 l. 

Captain Sirett was a keen Volunteer and Territorial soldier, 

having serv·ed successively in the 5th (Ardwick) V.B. l\Ianchester 
Regiment, Nev,;castle-upon-T"rne Royal Engineers, 2nd V.B. 
vVarwickshire Regiment and 5th V.B. Gloucestershi1-.e Regiment. 
He joined the first-named Corps, with which the whole of the male 
members of his family had been associated since its formation in 

1859, in 1888 and rapid] y rose to the rank of Sergeant. His 
removal to Newcastle entailed severance from that Corps, but 
he immediately joined the Newcastle Engi neers and was prom oted 
to Sergeant within a month of attestation, after having passed 
through the qualifying e:-:amination in l\Iilitctr\' Engineering, a 
testimony to his interest and thorou ghness in the Volunteer move­
ment. During his service with the \\Tarwickshire Regiment he 
rose to the rank of Colour Sergeant and became one of the leading 
shooting men of the County of \i\Tarwickshire. He was the " best 
shot " of his battalion, and was chosen to go to Eisley to represent 
it in the National Competitions and was elected a member of the 
English Twenty Club, a high honour amongst shooting men. 
He finished his Territorial peace time service in the Gloucestershire 
Regiment in December, 191 r, with the rank of Quartermaster and 
Honorary Lieutenant, having received the Volunteer Long Serv ice 
Medal and the Coronation Medal (King George V.). 

On the outbreak of the Great \iV ar, Captain Sirett immediately 
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volunteered for service and on lSt July, 1915, he was gazetted 2nd 
Lieutenant in the Royal Engineers Signal Service, the same 
Gazette announcing his promotion to Li·eutenant. He was posted 
to the Divisional Signal Company of the 2 / l \Velsh Division, 
joining the Division in North \!Vales after a short course of train­
ing and was there appointed Acting Captain. Early in 1916 he 

was sent to Farnham to raise and train the 71st Divisional Signal 
Company. He took this Company through the whole course of 
their training, proceeding with them to Colchester and Haynes 
Park and received gratifying reports from his superior officers 
upon the methods and success of his work. Towards the end of 
1916 he was ordered to France, where he joined the Headquarters 
of the famous Anzac Corps and r·emained on the lines of communi­
cation until the Armistice. During this period he was second in 
command of " L " Company, Ro_i·al Engineers Signal Service, 
at G.H.Q. 

Captain Sirett \vas demobilized on the 26th January, 1919, and 
un resuming his civil duties was transferred to the North \rVestern 
District in charge of the Preston Section and there he remained 
until after only a fortnight's illness he succumbed to an attack of 
pneumonia. 

Captain Sirett was interred with military honours in the quiet 
churchyard at Broughton, near Preston, on the 27th October, 
\\hen a representati\'(� gathering of his late colleagues and friends 
attended to pay their last respects to his memory. A party from 
the East Lanes. Regiment, accompanied by his friend Lieut.-Col. 
Cranston, O /C Fulwood Depot, fired thrne volleys over the grave, 
fo!lmYed by the sounding of the " Last Post " and the " Reveille." 

In addition to his military activities already noticed, Captain 
Sirett was greatly interested in all forms of sport and particularly 
in Rugby football. He ,,,;as treasurer of the Preston Grasshoppers 
R .F.C. and County representative, and a member of the \Vest Encl 
Tennis Club and of the Broughton and Distri'ct Social Club. He 

also took a prominent part locally in all movements for helping 
ex-service men and was treasurer of the Preston United ex-Service 
1Ien's Committee (\Var \Viclows and Orphans). R.l.P. 

R.A.J. 

SCOTLAND \VEST CENTRE. 

The first meeting of the current Session was held in the Royal 
Technical College 011 �Ionda\', 4th October. In the unavoidable 
;1bsence of :\Ir. Aitken the chair \Hts taken bv Mr. Hardie. Thr 
lecturer for the <lay 11-as .Mr. Vincent A. M. Bulow, of the British 
Broadcasting Cuy., and the subject treated was " Some Links in 
the Broadcasting Chain," 
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The links considered were : -

Studio. General requirements; Resonance and damping; 
Methods adopted to improve the natural acoustics; 
Artificial echo. 

Microphones. Discussion of various types of pick-up device 
used by B.B.C. 

Amplifiers. General description of the various amplifiers 
used, including Line Correctors, and giving the average 
figures for gain or loss in the various pieces of appar­
atus. 

Transmitters. Brief description of the transmitting appar­
atus at Main and Relay Stations. 

Receivers. Brief statement of requirements. 
The lecture was fully illustrated hy lantern slides. On con­

clusion a heartv vote of thanks was accorclecl to thee lecturer. 

NORTH \VALES CENTRE. 

The first meeting of the T926-27 Session was held at Shrevvs­
bury on 13th October, 1926, when to an audience of about 75 
members Mr. G. H. Carrier read a paper entitled " The Control 
of Expenditure by Supervising Officers." .i\fr. Carrier after out­
lining responsibilities of supervising officers in the matter of 
control went on to describe the headings under which funds are 
estimated and allocated, and to detail the methods of keeping 
records of allocations commitments and expenditure under the 
various classes of work. Finally the methods of record by the 
Inspector and the following up of progress were gone into very 
fully, and slides of the various printed forms used in these direc­
tions were shown on the screen. 

The second meeting was held at Birmingham on 11th 
November, when a visit was paid to the Birmingham Telephone 
Repeater Station. There was an attendance of 97 members who 
were made up into conveniently sized groups as they arrived at 
the entrance, and tak·en on a tour of inspection by members of the 
repeater station, and of the Power. Section Staffs, who explained 
clearly the functions of every piece of appar".ttus. The arrange­
ments were so carefully made, that each member had an oppor­
tunity of seeing and understanding every unit in the whole 
installation, and general appreciation of the arrangements was 
expressed as the various groups completed their visit. Later on 
the same afternoon a meeting was held at the Birmingham 
Technical Schools, when Mr. R. P. Collins read a copiously 
illustrated paper entitled the " Birmingham Telephone Repeater 
Station." The arrangements of two and four valve repeaters 
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were fully explained, and the whole lay-out of the Birmingham 
Station described. The lecturer described also in a very interest­
ing fashion the maintenance testing and staffing arrangements 
which had been made at Birmingham. 

The third meeting was held at Shrewsbury on Sth December, 
1926, when J. B. Salmon read a paper on "Ferro Concrete Con­
struction" to an audience of 75. After referring briefly to the 
general characteristics of concrete, the lecturer went on to the 
great extension in the use of concrete in building construction, 
and its utility in Departmental work. 

Mr. Salmon, not satisfied with searching out and marshalling 
an imposing array of facts and figures not available to the ordinary 
member, had visited the Ship Canal Portland Cement Manufac­
turers works at Ellesmere Port, and had secured a large number 
of photogTaphs of the processes of manufacture which were pro­
jected in illustration of his lecture. 

Mr. Salmon exhibited also a number of specimens of the 
various constituents of Portland Cement, and of samples prepared 
for compression and tensile tests and after the lecture had termin­
ated the members adjourned to an adjoining laboratory where a 

tensile testing machine was exhibited, and several samples were 
tested to destruction. 

BOOK REVIEWS. 

"Practical Physics." By T. G. Bedford, M.A., F.Inst.P. 
Longmans, Green & Co., Ltd. ro/6 net. 

The volume is based upon the experimental work carried out 
by junior students at the Cavendish Laboratory, Cambridge 
University, but these experiments have been supplemented by 
accounts of other work not actually covered by the course con­
ducted by the author. 

The matter is divided into five parts: (r) Mechanics and 
Properties of Matter; (z) Heat; (3) Light; (4) Sound, and (5) 
Magnetism and Electricity. One hundred and fifty experiments 
are described, and in most cases the object of the experiment is 
explained and the precautions necessary for accuracy elaborated. 

As the author admits, the book is intended to supplement and 
not to replace oral instruction, but it will form a valuable reference 
for others than students and teachers. Lecturers and demon­
strators of physical sciences will find it very useful. 
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POST OFFICE ENGINEERING DEPARTMENT. 

Name. 

Murray, J. K. 

Warner, A. 

Hammond, G. W. 

Bell, J. H. 

Stewart, W. 

Fletcher, Capt. J. E .... I 

Dunlop, A. 

Middleton, W. 

Thomson, A. J. 

Paines, A. V. 

Beer, H. G. 
Britton, F. T. 
Moffatt, C. E ... . 
Ryall, L. E . .. . 
Semple, L. G. 
Manning, F. E. A. 
Bryden, J. E. Z. 
Brent, W. H . ... 
Gemmell, W. T. 
Davies, T. A. 
Bewick, W. 
Barker, P. L. 
Loftus, R. W. 

Graham, R. B. 

Barlow, T. F. 

Graham, C. 

Keeble, A. G. 

Hooper, W. N 

Colbourne, R. W. 
Davey, W. H. 
Ferris, J. T. 

Evans, R. B. 
Morgan, C. R. 
Harris, A. E. 
l\foss, J. 
Shaw, J. 
Woodlev, E. T. M. 
Coles, F. S. 
Woods, D. T. 
Swan, R. J. 

::: I ... 

. .. 
I ... 

'"1 

•••' 

. .. 

... 
I 

• i 
• • •  I 

... ... , 

PROMOTIONS. 

Grade. 

Executive Engineer, 
Scot. E. District. 

Assistant Engineer 
London District 

Assistant Engineer 
N. East District 

Assistant Engineer 
London District 

Assistant Engineer 
Scot. W. District. 
Assistanl Engineer 

N. East District. 
Second Engineer, 

I-I.:\l.T.S. Mon<1rch. 
Third Engineer, 

H.M.T.S. Monmch. 
Fourth Engineer, 
H.M. T.S. Alert. 

l'ourth Officer, 
H.M.T.S. i\lonarch. 

Prob. Asst. Engineer. 

, , 
Chief Inspector, 
London District. 
Chief I nsoectN, 

S. Lanes. District. 
Chief Inspector, 

N. East District. 
Chief Inspector, 
S. East District. 
Chief Inspector, 
Testing Branch. 

Skilled 'Workman, 
Class I., 

S. West District. 

.. 
Skilled Workman, 

Class I., 
Eastern District. 

PromotE!d to. 

District Manager, 
Scotland W. 

Telephone District. 
Executive Engineer, 

London District. 
Executi,·e Engineer, 

London District. 
Executi\·e Engineer, 

London District. 
Executive Engineer, 
Scot. East District. 
ExecutiYe Engineer, 
S. Lanes. District. 

Chief Engineer, 
l-I.:\l.T.S. Monarch. 

Second Engineer, 
H.�I.T.S. Monarch. 

Third Engineer, 
H. J\l. T. S. :\fonarch. 

Third Officer, 
H. �I. T.S. Alert. 

Assistant Engineer. 

" 

" 
As�istzmt Engineer. 

London District. 
Assistant Engineer. 

N. East District . 
Assistant Engineer. 
N. East District. 
Assistant Engineer. 

S. East District. 
Assistant Engineer. 

Testing Branch. 
Inspector, 

S. West District. 

" 
Inspector, 

Eastern District. 

Date. 

l l-ro-26 

17-10-26 

I l-10-26 

3 l-ro-26 

26-9-26 

26-9-26 

7-11-26 

7-11-26 

l-9-26 

To be 
fixed later. 

24-11-26 

To be 
fixed later. 

24-11-26 

8-1-26 

l-3-26 
6-4-26 

ro-1-26 
l-3-26 
l-3-26 
l-3-26 

6-11-2,:; 
29-4-26 

l-3-2() 
I-3-26 

20-9-26 
lg-5-26 
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PROMOTIONS-Continued. 

Name. 

I 
Grade. 

i\Ie�1tas��
-
-;- G. -�.-�.-

- - Skilled Workman, 
Class I., 

Promoted to. 

Inspector, 

Date 

1-7-26 

i\lc:\ amara, H. J. 

Chubb, E. 

�kFarlane, A. E. 

Rule, C. 

\V"1".tcr, .C. J. 

Reardon, J. 

Topham, C. L. 

Name. 

Shorrncks, F. W. 
i\bgnall, A. 
Beasley, B. J. 
Hill, G. J. W. 
Nevin, J. A. 
Thorogood, S. W. 
Pulford, A. R. 
S:wille, D. B. S. 
lllcNeil, A. 

Name. 

Sirett, A. W . ... 

Name. 

Hollnnd, '\. E. 
D:iy, W. 

... I 

"'i 
! 

S. Lanes. District. 
Skilled \Yorkman, 

Class I., 
Scot. West District. 

Skilled \Yorkman, 
Class I., 

E.-in-C.0 . 
Skilled \Yorkman, 

Class I., 
E.-in-C.0. 

s. Lanes. District. 

Inspector, 
Scot. West District. 

Inspector, 
E.-in-C.O. 

Inspector, 
E.-in-C.O. 

Inspector, Skilled Workman, 
Class I., ivlet. Power District. 

i\fot. Power District. 
Skilled \Yorkman, 

Class I. 
S.Mid. District. 

Skilled Workman, 
Class I. 

S. Mid. District. 
Telegraphist, 

C.T.O. 

S.C. & T., 
Leeds. 

RETIREMENTS. 

Grade I 

Inspector, 
s. Mid. District. 

Inspector, 
s. Mid. District. 

Repeater Officer, 
Class II., 

s. West District. 
Repeater Officer, 

Class I I., 
N. Wales District. 

District. 

ll-1-26 

24-8-25 

5-6-26 

8-3-25 

II-5-25 

13-11-26 

7-3-26 

29-8-26 

Date. 1-------------- · 
·I Asst. Staff Engineer. 

... J Executive Engineer. 
Executive Engineer. 
Assistant Engineer. 
Assistant Engineer. 

Chief Inspector. 
Chief Inspector. 
Chief Engineer 

Inspector. 

DEATHS. 

I 
i E.-in-C.0. 

S. Lanes. 
E.-in-C.0. 

Testing Branch. 
S. Lanes. 
S. Wales. 

N. Ireland. 
I-l.1VI.T.S. Monarch. 

N. Western. 

19-10-26 
17-10-26 
2 1-10-2-6 
27-10-26 
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Let 

HEN LEY CABLES 
CARRY THE 

CURRENT 
That is a good 
slogan-and it is 

good policy 
too 

W. T. Henley's Telegraph 

Works Company, Limited, 

Telephone City : 2 2 7 I. 

Manufacturers of Dry Core 
Cables, Aerial Cables, and all 
kinds of insulated and uninsu-

lated conductors. 
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THE ELECTRICAL REVIEW. 
To the progressive Post Office Electrical Engineer the 

" REVIEW " offers the best means of keeping abreast 
with modern developments, not only in his own section 
of the industry, but also in every sphere in which 
electricity is employed both here and abroad. 

Price 6d. weekly . from all newsagents, 
or 8d. post free. 

THE ELECTRICAL REVIEW, 4, Ludgate Hill, London, E.C.4. 

The Engineering talent 
all over the world reads TELEPHONY because 
it helps them keep abreast of the important de­
velopments in the telephone indu�try. 

has been the leading journal in its field for 25 
years-a quarter of a century of valued service to 
its eaders. Subscription price (foreign, including 
postage) 85.00. Issued weekly. 

Address: S. Rentell & Co., Ltd., 36, Maiden Lane, Strand 
London, W.C., 2, for sample copy of TELEPHONY. 

TELEPHONY PUBLISHING CORP., 
606, S. Dearborn St., Chicago. Ill., U.S.A. 
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THE ONLY ACCUMULATOR 

WITH PLATE-GRIDS MADE 

IN 

OF 

THE WORLD 

PURE LEAD --------------·�----------------� 
with the Plate Grids Die Cast and Pasted entirely by machinery. 
Without Wood Separators or Celluloid, eliminating internal 
resistance and heat which shortens the life of other makes of 

plates, and creating constant trouble. 

T§_NQ2TO�E 
ccumu\'3-to · 

R
OBUST Machine.made Plates permit charge and Discharge at Continuous 

High Rates with Safety, No possibilities of the Plates Buck!i.ng or 
short-circuiting in service. No Fire or Explosion Risks when Charging 

above Normal Rates. A Tungstone Battery is not fully charged unless the 
Acid shows fully 1300 Sp.G. Tungstone Robust Machine Made Plates are 

in best condition when always kept fully charged. 

VERY IMPORTANT ADVICE TO MOTORISTS. 

Arrange for Car Dynamo output to be permanently increased so that at a car 
speed of 20 miles per hour the continuous charging rate is as follows, viz.: 

40 a.h. Battery minimum charging rate is 8 amps. 
50 a.h. ,, 10 amps. 
75 a.h. .. .. .. .. 15 amps. 

Tungstone Machine Made and Pasted Plates are Heavier and Stronger 
than any other make of Plate, and therefore can be continuously charged 
at these higher rates than any other make of battery. 

Tungstone Plate Grids being made of Pure Lead, and the Paste of Pure 
Lead Oxides, ensures exceptional storage capacity and quick discharges, 
therefore provision i.• made to give continuous, ample and generous power 
for Self-starting without cranking. 
Follow these instructions and you permanently get the full benefits of the 
originality of Tungstone Design and Manufacture of a Pure Lead Plate and 
Grid giving exceptional Strength, Storage, Dependability. Reliability. 
Security, and Safety. 

CHARGING HIGH TENSION AT 12-16 VOLTS POTENTIAL. 

All H.T. Tungstone Accumulators are fitted with a Patent Equipment 
whereby each series of 12 Volts can be coupled in parallel so that these 
H.T. Batteries of whatever voltage can be charged at local Garages and 
Charging Stations on a 12-16 Volt Low Tension Charging Plant. 
Charging Terminals are provided on the front of the Cabinet arranged in 
two rows, the top row being Positive and the bottom row Negative. When 
in use these charging terminals are connected in pairs so that all cells are 
in series. 

Apply for copy, sent post free, Illustrated Booklet-

" Photography tells the Story of the Tungstone Accumulator." 

Please address all communications to the Distributors' Offices and Showrooms: 

TUNGSTONE ACCUJV\ULATOR CO., LTD., 

3, ST. BRlDE'S HOUSE, 3ALl3BURY SQ., FLEET ST., LONDON, E.C.4 
Telegrams: 11Typify, FJeet, London." Telephone: Central 8157 (4 Jines). 

SOLD 'BY ALL VEALERS. T,24 

Stries of l>atenr Oesians nnd Tr;ick Muk ls�rned or Applied for in the Chief Countries of the World. 
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FREDERICK SMITH & CO., 
lncorpormed 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 WIRE 
"C" Quality for Telephone Lines, &c. 

Special Electric " Zeva," 

SOLDERING IRON 

for Telegraph and Telephone 
purposes. 

Electric " Zeva " Soldering Irons 
have no need of spare-elements. 
As a consequence the costs of 
maintenance are nil. 

ZEV A ELEK TRI CIT ATS AKT. GES. 

CASSEL. 

Telegraphic Address: '' ZEVA." 
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"The LIBRARIAN, 
The Institution of Post Office Electrical Engineers, 

G.P.O. WEST, LONDON, E.C." 

No. 61. " WI RELF.SS CALL DEVICES. "-L . B. TURNER 6d, 
No. 64. " AN ADDRESS ON ' TELEPHONES.' "-SIR WILI.IAM SLINGO 6d. 
No, 65, " BUILDING MATEin \LS: PROPERTIES, MANUFACTURE, 

AND USE OF."---L. TANNER.,, 6d. 
No. 67. "l\IULTIPLE WAY DUCT WORK."-D. C. SAVORY ,,. 6d. 
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PHONE SYSTEM."-B. 0. ANSON ,,, rs. 
Ne. 74. "THE ELECT RI CAL PHYSICS OF THE ATMOSPHERE."-J . E. 
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UNITED STATES."-Sm WILLIAM NOBLE, M.LE.E. ... I/6 
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No. 83.t " FOUR-WIRE TELEPHONIC REPEATER SYSTEMS." - C. 

Rorm:soN, 13.A., .'\..M. l.E.E,, and R. l'vl. CHAMNEY, B.Sc., 
Assoc.l\'l.lnst.C.E. ... gd, 

No. 8+ "THE RELAY SYSTEM OF AUTOMATIC SWITCHING."-H. W. 
D1PPLE, A.M.l.E.E. r/3 

No. 85.t " THE INFLUENCE OF TRAFFIC ON AUTOMATIC EXCHANGE 
DESIGN, "-G. F. O'DELL, B.Sc., AJ{.C., M.I.E.E, 1/6 

No. 86. " SOME EXPERIMENTS ON CARRIER CURRENT TELE­
PHO:'-iY. "-C. A. TAYLOR, B.Sc., and R. BRADFIELD, B. A. , 
Assoc. I\!. Inst. C. E. 6d. 

No. 87, "CONCRETE WORK AND REINFORCEMENT. "-B, J. BEASLEY 6d. 
No. 89.t "CORROSION OF LEAD COVERED CABLES BY ELECTRO-

LYTIC ACTION."---S. C. B.-1RT\-IOLOMEW, M.l.E.E . 1f3 
No. 90.+ " AUTO''vL-\TIC TELEPHONY IN MULTI-OFFICE AREAS."-

G. F. O'oELL, B.Sc., A.K.C, rs, 
No. 91. " THE CENTRALISATION OF CORD REPAIRS." - G. F. 

BELLWOOD, .\.i\'l.l.E.E. ... gd. 
No. 92. " TELEPHONE l\IETE!{S .\.ND COIN COLLECTING BOXES.'' 

--- \\'. Ci!LIC'J,s1I.-1Nl' ;ind F. l\kCLARENCE . ., 1s. 
No. 97.i· "THE ECONOMIC.-\1. PROVISION OF PLANT FUR TELE-

PHOKE DEVELOPMENT." - G. H. .'\. WILDGOOSE, 
A.'\1.1.E.E., and A. J. PRATT, A.M.l.E.E. ... 9d. 

\fo. 98. " MAEHENANCE PRECISION TESTING OF M.'\IN TRUNK 
CABLES. "-B. LISTER ... ... . .. rs. 

No. qq.t "RECENT RESE.\RCH WORK ON TELEPHONE REPEATERS," 
C. R(J]m;so;-;, B .. \., .'\.M.l.E.E., and R. M. C11,u1NEY, B.Sc., 
.\ssoc-.i\l.l,C.L·�- 1 h 

No. JOO. r " SJEi\IE:\'S No, 115 .\llTnflTATIC fi:(llJ!Pl\fFNT "· CHAS. \V, 
BRC>"'N, A.M.l.F E 1 /:, 

No. 101.+ "TELEPHUNE TRANSi\l!SS!uN." J. E STAnERs 1/3 
No. 102. '' THE L\\V OF CO".'JTROL IN RELATION TO POST OFFICE 

t;;N(;Jl\EERL\'(; CONTRACTS."---F. JormsTm:, A.C.LS. ... 6d 
t'<o. 1u3. " SOl\IF Fll'\'DA�IENTALS OF :\UTOMATIC SWITCHING 

METHODS !N Ml'LTI-EXCHANGE SYSTEMS."--H. H. 
HARH!SON, '.1.l.E.E. 9d 

No. 104. " CABLE TESTING."-·E. S. RITTER, A.M.1.E.E. ,,, ... 1/3 
·I· The Council have awarded Institution Medals for these p•rers 
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Contractors to the Admiralty, War Office, India 
Office, Air Ministry, Postmaster-General and 
Foreign and Overseas Governments. 
0 UR Dagenham \Vorks, erected in 

1900, ;ind covering an area of 12-�­
acres, have recently been largely 

extended, enabling us to quote early 
deliveries for telephone swi tchboards and 
a ppa.-atus- \;\,Te devoted pa rticular atten­
tion to the production of P.B.X. switch­
boards of all types and of outstanding 
quality. Our ability to meet exacting 
specifications at competitive prices is 
evidenced by the recent receipt of an 

' order for 2, 100 switchboards from the 
(;01-ernment 

·
of Aust.ralia. \Ve have 

specialised in the design and finish of 
P.B.X. switchboards for use in tropical 
countries. 

_P. B.X. of 5 Exchange lines, 
.. 10 extensions an'd 5 connectiµg. ·

circuits. The cabinet is 
divided; · the front portion 
being arranged to swing out 

for inspection purposes. 

\Ve are also pioneers in all types of tele­
phones for domestic and commercial 
purposes, hotel service indicators, mining­
telephones , bla sting machines, field tele­
phones, &c. 

Write for copy of Boo"1et No. 1fi. 

THE STERLING TELEPHONE & ELECTRIC CO., Ltd. 

Dagenham, Essex, England. 
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Telephone Apparatus 
and 

Exchanges 

Fro� a Tag to the -Largest Installations 

PEEL-CONNER TELEPHONE \VOI<-KS can 

meet all telephone requirements whether for 

MANUAL or AUTOMATIC TYPE EQUIP­

MENTS. The factory at Coventry was specially 

built for the business of telephone manufacturing 

upon the most up-to-date lines. A large engineering 

and research staff is constantly employed upon the 

work of the present and the needs of the future. Be 

your wants large or small they will meet with equally 

earnest attention by the PEEL-CO::-\NER Organisa­

tion, 

Communicate your requirements lo 

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, 
KINGSW A Y, W.C.2. 
Telephone: REGENT 7050. 

Telegrams: 
' Peelcontel, Westcent, London." 
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Where the Cables come from 
J. & P. Cables are extensively used in the 
National Telephone Service-and in constant!y 
and consistantly increasing quantities. 
And is it so surprising that our business in this 
direction, both at home and abroad, should 
have developed so rapidly, when one considers 
that into every foot of Trunk Telephone Cable 
that we manufacture, is built the concentrated 
experience of half a century? 
This accounts for that" little more" in quality 
which means so much in service, and inspires, 
too. that "little more" in service which adds 
so 

'
much to quality. 

Literature on the above subject gladly on 
request . 

. JOHNSON & PHILLIPS, Ltd 
Specialists in the Transmission, Transformation 
and Control of Electricity. 

Charlton, London, S.E. 7 
Bran•hes in London (City), Birmingham, Bristol, 
Cardiff, Glasgow, Liverpool, Manchester, Newca.tle­
on·Tyn�. Portsmouth, Sottthatnpton, and Re/fast. 

Prinrc.-cl by BtftCH & \VHITTl:\liTOI\". 1£.psom, a.ud 
PuU ... la!l� hv THK F.1 P.CTRTCAL RR\"ffl'W. J.rMtTRO al 4 Ludl?ate Hill London, �:.C. 
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