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- and then he sf ot / 
a trouble-free phone system 

I 
• 

T
HE exasperaling breakclmn1s, delays and muffied 
speech encountered on ordinary phone systems 
fade away when an Ericsson System is installed. 

Trouble-free, clear-speaking and carrying a tiny 
nrnintcnance bill, it proves a wonderful business aid 
and soon repays its moderate init·inl cost. Stands up 
wonderfully well to llarcl \\'Car. 

IJ"rite to-day for free fully illuRtrnlrd 
anct informatit:e pamphlet�. 

ERICSSON TELEPHONES 

LIMITED 
International Buildings, 

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

BEESTON, NOTTS 

Telephone : 
Gerrard 3003, 3004 

Telegrams: 
Ericsson, We1tcent, 

London. 

TELEPHONE 
II EXCHANGE 
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viii. 

CREED 

With the recent acquisition of the MURRAY 

PRINTING TELEGRAPH SYSTEM, and our most 

recent development, the CREED START-STOP 

SYSTEM, we are now able to offer our Customers the 

choice of three distinc� TEL EG RA. PH SYS TE MS, 

namely :-

THE CREED HIGH-SPEED AUTOMATIC 

SYSTEM, the original Creed System, now well known 

and used throughout the world by leading GOVERN­

MENTS, CABLE COMPANIES and NEWS­

PAPERS. 

THE CREED START-STOP SYSTEM, a direct 

printing telegraph system destined to be used extensively 

on short lines as between offices and works, for news 

distribution, etc., etc. The transmission is "direct to'' 

line and reception, and printing effected "direct from" 

line instantaneously. BANKS, RAILWAYS, SHIP-

CREED & Co., LTD., 
"Celegraph Gngineers, 

CC' elephone : Croydon 2 I 2 I. 



be. 

INSTRUMENTS 

YARDS, COMMERCIAL and BUSINESS HOUSES 

are among the many who will be the users of this System 

in the near future. 

THE MURRAY MULTIPLEX SYSTEM provides 

the user with the means of transmitting and receiving 

automatically from four to ten (according to the in­

stallation) distinct and separate messages over a single 

wire at the same time. It will therefore appeal to 

GOVERNMENT TELEGRAPH DEPARTMENTS 

and NEWSPAPERS in particular. 

Apparatus for all three Systems is now manufactured 

on the well-known Creed System of standardisation, 

and intending customers may be assured that replace parts 

to the smallest detail are obtainable without difficulty. 

We invite you to write for further particulars, or better 

still, arrange for a demonstration at our Works at Croydon. 

TELEGRAPH 

CROYDON, 

WORKS 

SURREY 
CC'elegrams: "Credo, Croydon." 
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5�anclard 
FORMERLY 

wesrern Elecrric 
Automatic Telephone Systems 

No, 47,001 System. 
Capacity 70 lines. 

STANDARD Automatic Private Branch Exchanges are essential to all busi­
ness houses. They represent a time-saving factor of great value and increase 

the general efficiency of any organisation . 

.f:lere are some points for consideration:-

1. No operator is required, therefore the annual cost i!-i negli�ible compared with a manually­
operated �witchbo:ucl. 

2. The apparatus is ready for use day and nil;!ht-or 8,i60 hour:-. per anm1111. 
3. Absolute secrecy is secured on every call without any spr�cial manipulation of the Set on the 

part of the user. 
4. High speed of operation. There is no waiting on the No. 47001 srMem, as the number is 

selected by the mechanism du1 ing the process of dialling'. 
5. The caller i:.; inst:mtly advised if the wanted line is engaged and (:-.hould he dcc:.:ide to hold the 

telephone for a minute or :,o} he b. automatiral\yconnccted a!-. soon :l.., 1lw required line is free. 
6 The caller is g-i,cn conlldence in the 3.p1Jar3.lU!-i a� he !->llPCr\'i!-ic:-.the call :111d c:111 he:ir the distant 

bell rinj;.!ing. 
7. The appn.ralu!-i i:-. :-.implc to in�tal. licilH: in :-.tan<lardi:-.ed unit form. 
8 It is economic:il to hou:-.c ht:cau�t· it may he fined in a PO!'.lition "hich would he un!-iuitable for 

an operator. 

Sia11dard uleplto11es and Cahles Limiied 
Connaught House, Aldwych, London, W.C.2. 

'Phones: CENTRAL 7345 (10 lines} . Works. HENDON, ORTH WOOL­

WICH and NE W  SOUTHGATE. Branches: Glasgow, Leeds, Birmingham, 
Manchester, Cardiff, Liverpool, and Dublin. 



SIMPLEX WORKING ON FAST SPEED 

REPEATERS. 

0;-.; long aerial lines difi:lrnlt\ is l'�perienced at times when 
O\Ying to weather loss, etc., the rL·cei,,-ed currents are too weak lo 
actuate the Auto relay, although the transmitting relav mav be 

.-- - -- ----- -- - ---- --- --- ----- - --1 
I ' ' Down Auto Down Auto Q.,.fay No I. , Pela':f No 2. 

@ 

@ Oo>·mBL1ne : ____ 
D��Q ------: 

� 2QQQW 

�·5mjd 

:Down 
Line 

\'()L. XTX. 

. or E. 
�' Up B L;CJe 

:--��L _____________ _ _______ :_ -i� J or £ 
' ' ' I 
�-------------------------1 

Leak Cct Up Line 
Peadin9 Cond!" 

Down Auto Switch 

Local Bty 
I 

CIRClJIT OF SH'O:\J) .\l'T(). REL.\Y DOTTED. 

IOT 



SIMPLEX WORKING ON FAST SPEED REPEATERS. 

functioning perfectly. Tb is applies more especially to the period 
\\hen reversals are being- sent by the distant transmitter. Similar 
conditions obtain on long underground circuits which are being 
worked at or near the possible maximum speed. 

The Auto relay can never be quite so sensitive as the Line 
relay owing to the presence of the controlling springs and the 
necessity for more open contacts, as the tongue must be capable 
of taking a central position where, when at rest, it touches neither 
the " marking " nor " spacing " contact. 

By the addition of a second Auto relay, joined up as shown by 
the dotted connections on the diagram, it is possible to utilise the 
signal sent out by the line relay for the purpose of keeping the 
automatic switch closed whilst signals are passing. 

This arrangement obviates the necessity for reducing the 
resistance of the reading condenser, as is sometimes done, in order 
to make the Auto relay function properly and will therefore assist 
in maintaining the normal speed of working. 

E. LACK. 
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THE LONDON-GLASGOW TRUNK TELEPHONE 
CABLE AND ITS REPEATER ST A TI ONS. 

Tl!E London-Derlw :'\<i. 2 rnhll', ,,hich 1\·:ts aC'Cc>pted from 1lw 

Contrnctors (Standard
. 

Telephones & Cables Limited) in December 

last, completes 1 lw London-Glasgo11 cab!{,, tlw backbone of tlw 

1 runk 1elephone cable net\\ork of Great Britain. The Derby­
(�lasgow section of the cable has already been in partial use for 
abou1 a year, extension tu London ·being provided by means of 
spare quads in the London-Derb)· No. I cable. 

The object of this artide is to describe particularly the London­
Derlw No. 2 cable, which represents the most modern practice in 
telephone cable manufacture and installation, and 1he Repeater 
Stations between London and GlasgmY, all of which were equipped 
h:· the Standard Telephones & Cables Limited (formerly the 
\\'estern Electric Co. L td.). 

Fig. I, which is reproduced from our \rolume XVI! I., page 
2(11, shows tlw mute of the main cable with its spurs and the 
location of the Repeater Stations. 

As an indication of the densit:v of traffic it may be noted that 
there are three telephone cables in the St>ction London to Fenm· 
Stratford, comprising a total number of 200 quads together witi1 
28 telegraph quads, and between Fenny Stratford and Derhv 
there are two tables, comprising a total of 202 quads including th

.
e 

telegraph quads previously mentioned, \Yhile the Derby repeater 
station is designed for an ultimate equipmt>nt of r500 repeaters. 

CABLE. 

Of the three cables betwet>n London and Fennv Strat­
ford, one is the old London-Birmingham cable wl{ich was 
d escribed in this Journal, Volume \!TIT., page 206. The second is 

103 



THE LONDO:\'-GL\Sl;ow TRU\!K TELEPHONE CABLE. 

the London-lllancliestcr cable, which is a medium-medium loaded 
cable installed immediately after the \Var and worked exclusively 
on a 2-wire basis and also furnishes the telegraph quads pre­
viously mentioned, and runs from London to Manchester with 
repeaters at Fenny Stratford and Derby. The third is a new cable 
furnishing the long circuits going North of Derby on the Glasgow 
route. ,\ cross-Section of this cable is shown in Fig. 2. This 
route runs from London to Glasgow with repeaters at London, 

EXPLANATION. 
REPEATER 

CABLES STATIONS 
EXISTING --- lZ! 
AUTHORISED--- 0 
PROJECTED ------- [J 

/PAberdeen 

f.{MONTROSE 
PDundee 

rfcuPAR 

Fir;. 1.-TELEPIIONE REl'E.\TER ST.\TIONS-l'L\N OF SvsTE�•s. 

Fenny Stratford, Derby, Leeds, Catterick, Newcastle, Jedburgh, 
Edinburgh and Glasgcrn. This cable is of particular interest as 
it shmrs the segregation of the 4-wirc circuits in the Up and Down 
groups, \Yhile the 2-\\·ire cirrnits form the centre of the cable. The 
4-w1re circuits are 20 lb. and are medium-heavy, half medium-



THE LONDO�-GL\S<;o\V TRL );JZ Tl·'.LEPHONL C.\BU:. 

heavy and extra light loaded in accordance with their allocation 1o 
various points on the route, while the 2-\\ire circuits are 40 lb. 
medium-heavy loaded throughout. 

The order for the London-Derby portion of this long cable 
together \vith its loading equipment \l'aS placed in November, 
1<124, and the cable \vas completed in December, 1925. 

·10 LB. QUADS. 

Fie. 2.�-SECTJO'l, Lo:-;uo:-;-DEl<HY C.\HJ.E. 

During this period nearl_\· 130 miles of cable \Vere pulled in, 
rested and jointed and o\'t'r 450 loading coil cases \\ere installed. 
:rhe cable consists of 44 quads of 40 lbs. conductors and 78 quads 
of 20 lbs. conductors arranged as shO\\·n in Fig. 2. The loading 
is H-r7i-107, II-89-50 and H--J-4-25 (kno\\'n as medium-heavy, half 
medium-heavy and extra light respectively, where H represents 
the loading coil spacing and equals 6000 ft., the first figure the 

ros 



THE LONDON-GLASGOW 'l'HTNK TELEl'l!ONE CABLE. 

CLT3. 5TANDARD TELE.PHONES &. CABLE5 L..-.c L.5.N• 
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THE LONDON-GLASGOW TRUNK TELEPHONE CABLE . 

. side circuit coil inductance and the second figure the phantom 
circuit coil inductance). The following circuits are initially pro­
vided:-

I 
: -

-

102 circuits 40 lbs. 
6 " 40 " 

60 
42 

6 

" 

" 

" 

20 '' 

'' ' ' 

" ' ' 

H- r 77-ro7 for 2-w1re. 
H-44-25 , , transatlantic work 
H-177-107 ,, 4-w1re. 
H-89-54 , , , , 
H-44-25 ,, ,, 

-
---'' c' ___ _ -------- l 

FIG. 4.-LAYOCT OF MANHOLE WITH SINGLE STUB CASES. 

A typical jointing diagram for this cable is shown in Fig. 3, 

which illustrates the method of jointing a cable by \vhich the 
capacity unbalance is reduced by cross-splicing. There are 
usually three or seYen such test splices made in each loading 
section. 

Loading .-In connection \Vith the loading of the new cable, of 
which a cross-section was sho\Yll in Fig. 2, single stub loadin� 
coil cases have been used. This method of jointing loading coils 
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into cables has an adrnntage 01 er tbe t w u-st ub method generally 
used on previous cables as it makes the loading coil manhole lay-

F"'· 5.-Lo.101'\G Con. C11sE 

\\'ITll SINGLE STUB. 

out Yery much simpler. Fig. 4 shows the layout of loading coil 
cases in a manhole on this cable and illustrates the simplicity and 
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aJvantages uf using the !-iingle stub construction. 

of one uf the 10�1ding cuil t ases \\ ab a single stub, 

cablt>, is slHJ\\·n in Fig. 5. 

. \ plwtograph 
as used on this 

Repeater Seclions.-From the puinl ui Yie\\' uf obtaining good 

transmission results from a repealered systL'.lll it is necessary that 
the constants such as impedance, attenuation, etc., of each repeater 
section shall be as uniform as possible, both as regards the Yalues 
when plotted against frequency for any inJiYidual circuit as well 
�1s \vithin each type of group. lt is also essential that the cross­
talk in the repeater section of cable shall be held within fairly close 
limits, since it can be proved that the n:peater section cross-talk 
i;,; the must important factor in the uyerall circuit cross-talk. 

As explained above, it is important that the characteristics of 
th<:> circuits shall remain as constant as possible, and for this 
purpose the following methods \\ere adopted:-

Capacity Unbalance and l?esistance l'nbalance.-These un­
l1alances \Yere reduced as much as possible durin g the manufacture 
of cab l e lengths. Fur tlwr reductions \ \ere obtained in the field 
In· means of special test joints. Capaci ly unbalance \\'as reduced 
generally at 3 test j oints in each load ing section, this number 
being increased to 7 al the ten loading sections adjacent to each 
repeater station. 

Capocity !Je'i1iatim1.--Tlw " regula rity 
" to be maintained on 

the circuits, \\'hich \\as referred tu earlier in this article, is closely 
connected \\·ith the de,·iations from the an"rage mutual capacity . 
These capaci t v deviations a re uf 1\n> kinds, circuit deviations anti 
st-ction deviations. By tlw former is meant the deviations of the 
individual circuits of a group in a loading section from the averagt> 
rnpacit_\· of all the circuits in thnt group. By section deviation is 
meant the dcviat ion of the a Ye rage mutual capacity per loading 
section of a group of circuits from the a\·erage capacity for that 
group for all loading sections. 

Circuit deviation was reduced both in the factorv and in the 
field. In the latter case one test joint was made in -each loading 
section, but this was confined to the ten loading sections adjacent 
to each repeater station. 

The final tests on this cable \\·ere of two kinds, those on 
repeater sect ions and those on the repeatercd system. 

The folio\\' ing tests \\·ere made on the two repeater sections : --
( i) Loop Resistance. 

( ii) Resistance Fnbalance. 
(iii) Insulation Resistance. 
(i\') Singing Point. 
(v) Impedance frequency. 

(vi) Attenuation . 
(vii) Cross-talk. 



THE LONDON-(;L\SGOW TRUNK TELEl'IIONE CABLE. 

Tests :\os. (iv) (v) and (vii) \\ere made from each end of each 
repeater section, the others being made from one end only. The 
results of these tests an'. summarised below:-

(i) Luop Resistance. This test was made chiefly as an 
assurance as io the uniform ity of resistance of all similarly loaded 
circuits of the same gauge. 

(ii) l\'esistancc Unlia/ance. This test was made to measure 
the resistance unbalance between the wires of each pair. In no 
case "as a resistance unbalance of more than 2 ohms found, the 
average unbalance being about 0.2 ohms. 

(iii) Insulation Resistance. The insulation resistance was 
measured on all wires, and no value lower than 50,000 megohms 
pt�r mile observed. 

LINE: 

FIG. 6.-Cmcurr OF UNHAL\;>;CE SET. 

B 

BALANCING 
NETWORK. 

A 

(iv) Singing Point. The singing points of all 2-wire circuits 
were measured from each end of each repeater section. The 
results are tabulated later. 

Two distinct methods of measurement were adopted, one using 
a singing point test set and the other an impedance unbalance 
measuring set. 

The singing point test set is virtually a portable 2-wire repeater 
<md the results of the tests made with it are therefore a direct 
indication of the maximum gain which could be inserted in the 
line at the point at \vhich tlw test is taken. As the maximum gain 
,,·Jiich it is usually desirable to obtain from a 2-wire repeater is of 
the order of 15 TU it will be seen from the results of the singing 
point test, that a yer_v ample margin of safety exists on the circuits 

l IO 



Ill 
I 
J: 

THE LO:-.IDON-GL\S(;ow TRliNK ·n:LEPllONE CABLE. 

of the Lomlon-Der!Jy cable. This margin , hO\vever, has a directly 
beneficial effect on the quality cif speech transmitted. 

From the results obtained in this way typical circuits were 
st�lected fur further anal vsis . 

The other method of measuring s inging points is based on the 
relation bet\\een singing point and the impedance unbalance 
between t\vo circuits ur a circuit and its balancing network. 

Fig. 6 shows the esst·ntial part uf tlw circuit by which singing 
points are measured when using the Impedance Unbalance 
l\Ieasuring Set. Tlw coil shmrn in the figure is the so-called 

hybrid coil which is used in 2-wire repeat ers to obtain duplex 

eooL---1---L�L--L--L---l�-l---1-----1---.l.-----+---+�l---+----+-�L--+---l-----l�-l--+----+----4 

•<oo 

0 
BEST 

...... 
o-= 
l 
tf-400 +mo 
z 
< '" v 
< uJ 
a: 

....... 
-= 

-400 

zoo AOO 600 800 1000 IZQQ 1400 IGOO 1800 
FREQUENCY- CYCLES PER SECOND 

zooo ttoo 

operation. If the balan ce bet\n·en line and network were perfect, 
the transmission loss between :\ and B would be infinite�i.e., all 
current entering the circuit at .\ is divided between the line and 
net\\·ork, no current passing across the ,, indings tu B. As soon, 
hm\l'.\·er, as there is any impedance unbalance bet\Yeen line and 
net\\·urk some current d<ws 11mY from :\ to B, the amount of this 
current depending on the magnitude of t he impedance irregularity. 

The I mpedance Unbalance .Measuring Set is designed to 
measure the transmission loss between A and B, and since both 
this loss and the singing point are dependent on the degree of 

I I I 



THE LO:-.lDO:-.l-<il..\SCiO\V TRL :\K TELEl'HO:-.lE C.\BLE. 

balance bet\\een line and net\\ ork the set may be calibrated to read 
the singing point of line an<l net\vork. 

\\'ith this apparatus it is pussilJle to measure the singing point 
of the line at any required frequency, \\ hilst  the singing point test 
set merely selects the frequenc_\ , \\'ithin the efficient range of the 
repeater, al which the unbalance is greatest an<l the singing point 
consequent! y lowest. 

Singing points \\·ere measured '' ith this set at frequency in­
tervals of 20 p.p.s. from 200-2400 p.p.s. 

This frequency range was then divided up into bands and the 
lowest value of singing point rernrded for each band. 

' 

/ 

I 

I 1800 "' v 
/ 

u 
Zl<OOO 
<( I-
�­
Ul 
� 1?00 1800 

1000 lq.()0 

1too 

+'ZOO 1000 
Ul ::; 0 
r 
0-too 
I 
�-AOO 
z 

� 
w 

"' 

+eoo 

0 

J 

_,,..-v I 
1..--� 

I BEST �� 

- l/ 
/v 

-� 
TYPICAL..-i...---

+---

&sTI � - '-.... 
L.-'----

/ 
TYPICAL / -.. I-/ "-.__ . c.-- ,__ ... ' 

/ 

600 1000 1800 :?'200 ZGOO 3000 �400 3800 ""00 
FREQUENCY- CYCLES PER SECONO 

Fu .. 8.--L11'Ell.1;o;cE CcR\'I" H-80-s+ 20 Lns. SwE Cmcuns. 

(v) l111pcda11cc (rcqucncy. Impedance frequency tests were 
ma<le on about 101":, of the loaded circuits in the cable, the 2-wire 
circuits being the same as those selected for the singing point 
tests made \Yith the impedance unbalance set. 

Typical curn�s are s]rn\111 in Figs. 7, 8 and 9. lmpedancP 

frequency cun·es afford a ready means of ascertaining the degree 

of regularit_,. obtained on the circuits. Ideally, of course , the 
impedance frequenc_, . curn· for the line \\'lmld be quite smooth, 
and in such a case a perfe<"t balance \\ uuld be possible between a 
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line and its balancing net\York, which would give an infinite value 
for the singing point, provided always that the repeater itself were 
perfectly balanced. 

In practice, ho,vever, irregularities will always appear in the 
curve and since it is not practicably possible to construct a 
balancing net\rnrk which "·oulcl follow the irregular shape of the 
curve there will ahyays be impedance unbalances between line and 
net\York at many points in the frequency range. 

The singing point of the line \\·ill depend on the magnitude o� 
these unbalances. 

If) 1000 
l: 
:i: 0 600 
fu � GOO 

� 

<( 
� 400 
iii 
�· zoo 

\/l 
X+zoo 
J: 

. ],.-0 
I 

"' 
0 1.....-

I/ 
Z-zoo 
� 
0 l5 -400 

a: 

2:00 400 GOO 600 !OOO !'ZOO l-4-00 !600 1600 'Z.000 n!OO t400 'tGOO ':800 � !5:zoo 3400 3'.00 :MOO ...OOO 4ZOO 4400 4(,00 .+800 
FREQUENCY_- CYCLES PER SECOND 

FIG. 9.--IMPEDAKCE CnwEs H-+4-25. 20 LBS. P1TAKT0�1 Cmccn. 

One point is of considerable interest in this connection and is 
illustrated by Fig. 7, \vhich shows the impedance frequency cuf\'e 
of one of the 2-\vire circuits. On the same curve is plotted the 
impedance frequency curve of the standard network with building 
out condenser which is employed at the repeater stations. \Vith 
cables constructed, installed and tested by the method employed 
on this cable t he net\Yorks can he desig·ned from the prime con­

stants of the cable and one net\\· ork will furnish excellent result:-; 
\Yith all circuits. Details of these networks and a multi-unit 
condenser which is used as a building-out section \vill be dealt 
with under Repeater Equipment. 
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Repeater 
Section. 

London 

,, 
Derby 

Tested from 

London 

F('nll\' Stratford 

Fennv Stratford 

Derby 

SIC<Gl?\l; POI'\TS (TL). 

Singing Point :\kasurccl with Impedance l"nbalancc Set. 
Frequency Bands 

Circuit 
200-+oo ! 400-600 600-1000 Iooo-1500 i500-2000 

-1--

Side H{'st 37 
I 38 36 3� 28 

,, \Vorst 37 38 33 26 24 
l'hant. Best 34 33 32 2() 28 

,, \Vorst 36 36 32 2b 24 
Side Best 38 38 35 ��o 32 

" \Vorst 38 38 30 24 24 
l'hant. Best 37 36 36 30 29 

,, \Vorst 38 34 30 29 25 
Side Best 37 36 35 34 32 

" \Vorst 37 35 34 34 27 
P hant. Bcest 38 34 35 33 24 

" \Vorst 38 31 32 28 24 
Sid1e Best 35 38 31 v 29 

,, \Vorst .l+ 35 32 26 28 
PhR.nt. Bc>t 36 37 37 36 28 

\Vorst 35 32 32 30 30 

N.B.-The above figures are the lowest ,.,t!ues of singing point recorder! in the 
\ :1riou:-; frcquC'ncy bands. 
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THE LONDON-GLASGOW TRUNK TELEPHONE CABLE. 

(vi) Attenuation. :\1easurements of attenuation were made at 
various frequencies, all loaded cirr,ui1s being measured at 800 and 
at 2000 p.p.s., and a number of circuits, typical of each circuit 
group, over a frequency range. 

The average attenuation, corrected 10 50°F., for each type of 
circuit at 800 and 2000 p.p.s. is given in the follcming table:--

40 

20 

20 

40 

20 

Attenuation ((3 per mile at 50° F.). 

Type of Circuit. 
lb. H-177-107 

lb. H-177-107 

lb. H-89-54 

lb. H-44-25 

lb. H-44-25 

Side 
Phantom 
Side 
Phantom 
Side 

Phantom 

Side 

Phantom 
Side 
Phantom 

800 c.p.s. 
.0177 
.or45 
.0306 
.0249 
.0398 
.0320 
.0288 
.0238 
.0537 
.0451 

2000 c.p.s. 
.0230 
.() 194 
.0354 
.0292 
.0416 
.0339 
.0301 
.0253 
.0553 
.0468 

1---+---<---t---+----+----+--+------+---+-------+------+-+--+--+--+---+----+-+---+--+--+---+--+--+--- ! 1 . i J 
t--+--t--+--+--+---+---+---+--+--+-+-+--+--+--+---+---+--+-1---+---+--+--+-+-+-+t±--' 

�·06 IT 
I . ! . 

• 

�·�>--+--+---+--+---+--+----+---+--+--1-+--+--+---+--+---+--+---+---+--+ ----+-f---l--t--/+,/--A'--
""-�t=t::t=t=J==lt=t:t:J::t:l::t:t��;i��t;;�t::i=:f:�=t=r::r= i I 
0-<>• 
� 
� ·O? f-t--+---+--+--+--t--+--+---+--1-1---+--+---+--+--+--t--+--+--+---+--l-l---+--+---+-- I· � � •01 >--+--+---+--+---+--+----+---+--+--1-+--+--+---+--+---+--+---+----+--+---+--I-+--+--+---+--+ 

- 1000 lf'OO 1400 \QOO 1800 

FREQU�NCY:-.CYCLES PER SECOND 

Frc. 10.-.\TTEJ\il"ATIOS" \"S. FHEQOE!\TY Cu1-?.VE II-177-107. 20 Ll3S. S1nE CIRCUIT. 
l\1EAScH1:-.rc� CnRRENT 0.5 M .. \. 

In Fig. 10 is shown a typical attenuation frequency curve. 

(vii) Cross-talk. Cross-talk measurements were made on all 
loaded circuits, using as testing current a comp lex tone which 
gives results very close to those which would be obtained in a 

speech test. 



THE LO!\DON-C�L\S(;ow TRCNK TELEPHONE CABLE. 

Near End cross-talk \Yas measured on all 2-wire circuits. In 
these tests the measuring· apparatus and the source of tone were 
ahra\·s al the same end of the circuit. 

Far End cross-talk \\·as measured on the 4-\\ire circuits, tone 
being placed at one end of the circuit and the measuring apparatus 
at the far end. 

,\1\ cross-talk results giwn in this article ha\·e been corrected 

in the case of phantom to side cross-talk on the basis of the 

phantom and side circuit irnpt>dances, and in the case of Far End 

cross-talk on the basis of the equiYalent of the circuit O\·er \vhich 

the testing tone is sent. 
The results are tabulated belO\Y :-

Scar End Cross-lulh ( Cross-tall<  l·nils). 

Ph:into1n-si<l0. 

. he. \[,,, . 

.+O 1 b. H - I 7 7- I() 7 320 

Sicle-side. 

_\w. \fax . 

Phantom-Phantom. 

che. \fax. 

Far /:'nd Cross-tu/I� (Cross-ta/!� 1 ·nits). 

London Repeater 

Section. -t6.4 miles. 

20 lb. H-r77-ro7 
20 lb. H-89-54 
20 lb. H-44-25 
40 lb. H-44-25 

Derby Repeater 

Section. 8r.5 miles. 

20 lb. H-177-107 
20 lb. H-89-54 
20 lb. H-44-25 
40 lb. H-44-25 

Phan t 0111-side. 

che. :\l:t>.:. 

IJO 295 
90 190 

75 120 
J 80 250 

85 rrs 
(10 85 
20 30 

155 175 

Side-side. 

.\\-<'. \l;ix. 

SS I I 0 
25 60 
15 15 
(>5 75 

l -:"> 30 

s 5 
s 5 

130 145 

Phantom-Phantom. 
.he. l\lax. 

45 
2-:"> 

IO 

s 

115 
45 

Overall Tests .-The final series of tests made \Vere system tests 
owr repeaterecl circuits. The cable was completely installed 
before the repeaters \\ere in operation and temporary repeater 
equipment \\·as installed in order to enable overall tests to be 
made. 

This temporary equipment \ms installed <11 London, Fenny 
Stratford and DerlJ\' in such a \Yay as to allow both 2- and 4-wire 
repeaters to be inserted in ;-in:· required cable l·ircuits, \\·hich would 
then be set up from London to Derb_1· and hack again to London. 
Fig. ll sho\\s tlw :trr<tngcnwnt 'lf the n'pe<lters on tlwse circuits, 
from \Yliich it \\ill lw seen that both ends of the circuits were 
<n-ailable in London. 



THE LONDON-f;T.A.SCOW TRl'NK TELEPIIn"E C\BLE. 

The following tests were made on these 250 mile circuits:-­
(i) Overall transmission equivalent. 

( ii) Cross-talk. 

LONDON 

LONDON 

FENNY 
STRATFORD 

2-WIRE CIRCUITS. 

FENNY 
STRATFORD. 

4- WI RE CIRCUITS. 

Fir:. l l .-0\·1m.\r.r. TESTs : .\1rn.\:;<:EME:-<Ts o:-.: REPEATERS. 

DERBY 

DERBY 

(i) Here again, all circuits \\ere measured at Soo and 2000 

p.p.s., the results of the tests being giY en below 

800 and 2000 c.p.s. tests. 

2-tl1irc. L•1'r11g1' o<.•cr(/lf 1'1Jui·11nlc11ts ill .�
·

. "· (1 .'·i . .\f. = (31 = 0.109). 

Side 
Phantom 

�00 p.p.�. 2000 p.p.�. 

10.0 
<) .() 

2 r .o 

20.0 

4-<l•irc. h•1'rn,t.;1' Oi.'t'l'({I/ 1'1111i1•u/e11/s 111 ._...,· • .\!. 
H-177-107 

Side 
Ph;111tc1rn 

Xoo P.I"'· 2000 p.p.s. 

8.o 10.0 

(1 .() 7.0 

I 1-X<i-.1-1 Xoo p.p.s. 2000 p.p.s. 

Side'. IJ-.'i 15.0 

Phantom <1.0 10.0 

In the case of the half rnedi11m hem·1· circuit the above figures 
are sonw1Yhat h igh , cllJl· to the conditions of test. Under actual 
11·orking condit ions tf'nninnl repe<ltPrs \\·ill be used at London on 
the circuits, resulting in lower m'Prall PquivalPnts. 
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THE l.0"1DON-GL\S(;ow TRO;'K TELEPHONE CABLE. 

(ii) Cross-talk \Hts measured through all the terminating 
equipment and the following results obtained:-

Oi•cru// Cross-talh (Cross-lalh L-nits). 
Sear End Cross-ta/I" 

40 !Ii. H-177-107. 

"hg. 
Max. 

Ph-S. S-S. 
283 163 
400 200 

Far El!d Cros.<-talh. 
20 lb. H-177-107. 2D lb. 

J'h-S. S-S. l'h-S. 

�300 � L+J_J-t---+----+--f---t---' 1 -+-f---+---+----+---1/--+---+----+----+--+---+-I 
I i I i I I � � r-.-+ j I ' I : _,,--V .._.,_ / ,/ -;x� / �'200 I l j --1 , -i t----�-,.6\0E. � -+!..--:·---+�-h,+<'�'--.j-- -- ---i-- -- �· ---

5 . .,,;"."':�::: 0"':=;/-�-�;;z'f=---t:.. ' ---i�+-=4· --
� ��� --V--� ____ /�� �,oo V-- ·r � --+-+---+----

3 - � 1- . t--f---
- _ __j__J_--="'"���������-'---.h...-�� 800 \OOO 1":?00 1400 \GOO IBOO �OOO 

FREQUENCY- CYCLES PER SECOND 

FrG. 12.-AVERAGE CROSS-TALK CURVES. 

't2'00 24-00 

Particular attention should be paid to the cross-talk frequency 
cun·e shmvn in Fig. 12, which gives the average figures obtained 
on the medium-heavy 40-lb. circuits for Phantom-Side, Side-Side, 
Phantom-Phantom and Pair-Pair, where the pairs are located in 
different quads. 

REPEATER STATION EQUIPMENT. 

To give a general picture of the apparatus, power plant, etc., 
used in the repeater stations on the :\'orth-East route, Fig. 13 
shows a floor plan of the Derby repeater station. This floor plan 
does not cm·er the final station, which will cater for 1500 repeaters, 
as previously stated, but only with the repeaters installed up to 
the present time. 
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THE LONDO '-l.L.\Sl.Ov\I TRl'NK TELEPHONE C.\DLE . 

. \series of photographs is given illustrating the po\Yer.board, 
etc., at the Leeds repeater station; repPatcr bays, coil racks and 
test units al thc Derby repeater station, and ind i ,· id ual photo-

graphs of thc repeater units, both 2-\Yire and 4-wirc. [t is thought 
that thc photographs atT sufticiPntl.1· self-Pxplanator,1· not to need 
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THE LONDON-GL.\SCOW TRL.N1' TJ·:1.r:l'HONE CABLE. 

a1w description and that there is more interest in a description 

of th� circuits inYoh·cd on the whole s\·stem than on the 

equipment. 

TEs r T.1GLETS .1:-10 TR.\NSFORMERS. 
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TIIE LOND01 -GLA GOW TRL'NK TELEPllONE C.\BLJ'.. 

2 .\\'mE REPl!ATER R.1c1c REPE.ITERS A:<D Low-FREQUENCY S1cN.1LLING APP.1�,1Tcs. 
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THE LONDO -GL\ GOW TRUNK TELEl'l!ONIC C,\BLE. 

2-\\'mE REPE.1TEllS .1�n B,\TTERY SUPPLY ,\PP.11uTus w1T11 \"01cE FREQUENCY 
S1cN.\LuKc. 
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GAIN �IE.\SURING I N�TRUMENTS. 

GENERAL V1E11-. REPE.\TER ,\l'l'.\IUTus RooM, DERBY. 



THE LONDON-GL.\SCOW TRLNK TELEPHONE CABLE. 

F1LAMENT BATTER\" CllAJ{(:JN(; SETS AND POWEi< BOARD, LEEDS. 
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PL.\TE B \TI EH.Y Cll.\UCl�f; 

FlLAMENTS .\NJ) PL.\Tli BATTERIES, LEEDS. 
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2-\YIRE REPE.ITER C'ilT. FIW'iT \'1E\\', CO\'ER o:-:. 



THE LO\TDON-GL.\SGOW TRL"NK TELEPHONE CABLE. 

2-\\"1RE REPE.\TEll u�IT. Fno�T VIE\\". COVER OFF. 

2-\VJRE REPE.\TEI< L"�1T. Rh.II< \01E\\". C'O\"EI< OFF. 

1\s a matter of interest the follo\\·ing table gi,·es the initial 
number of repeaters at the Yarious stations on the route as well as 
data on yarious other points :-

Rep<'alc:r� Vacuum 
2-wirc· 4-wirc Tubes 

London (J 54 228 

l'en ny-St rat ford 268 54 752 
Derby 308 S-t 832 

Leeds 130 60 500 
Catterick 70 50 340 
;-Jewcastle 20 50 240 
Jedburgh 30 50 260 
Edinburgh -o :i 50 300 
Glasgo"· -J.5 180 

Total 882 467 3632 
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THE Ul"JDO�-ld,\Sl;O\\' TRl'NK TELEPHONE CABLE. 

Hcpcaler Circuits.-11 \\ill lw realised tlwre is of necessity a 

number of special cases calling for special circuit arrangements in 
such a net\york, but it is not felt necessary to e1�1phasise these 
particular arrangements. ;\ ccordingly , only typical arrangements 
ha,·e been dealt \Yith , these, of course, forming the majority of the 
cases on the :'\orth-East route. The follc)\Ying typical circuits are 
illustrated:-

2-\Yl re 
2-\\"l re 
4-w1 re 
-J.-\\'lrC 

repeatered phantom group Fig, 14. 
terminal with \'.F. signa l ling Fig . 15. 
repeatcred phantom group (Through) ... Fig. 16. 
repeatered terminal with V.F. s i o·n allino· b � Fig. 17. 

. ..o-- --l. ;·:c:.: 
0------ - -- -

----0---- 1 
r•o;:::::..�.'r"'"'• 

-- -0- � r --'"··· ·�· -­

=j__-X-J'l-l,,_,__-l-IB·- - -- -0---·· -- i 

Fie. 15.---ScnDL\TIC OF 2-\\"rnF T1mMI1'.\L wnn \'.F. S1G:-.IALLING. 

Dealing \\"ith the 2-\vire through phantom group, the method 
of connecting the repeaters to the lines and nN\vorks is illustrated 
and shmYs the C links from \Yhich the lines are tested and the jack 
arrangements by \\hich the repeatn units arc patched when 
necessan· and are testt,d \\ith the gain measuring sets. 1\ 

schematic drmving of a complete 2-\Yire repeater circuit \vith its 
associated battery supply apparatus, operator's tl·lepl10ne an<l 
and trnnk panel and filament contrnl patwls as shmvn in Fig. 18

. 
There are SP\"C'ral points on this figurt> which are \vorth notin� . 

In the first place, the filters are located in the output circuit, 
which results in a simpler and cheaper design than whPn th<ey an' 
located in the input circuit. Potf�ntiomete;·s ;m� of I he con.slan t 
impedance type that permits imprnwd impedance nf thf' n·­

peater, and the listening arrangenlf�nts are such that lhc 
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THE LONDON-(;L,\S(;O\V TRL'NK TELEPHONE CABLE. 

repeater attendant can listen and talk in either direction as required 

or in both simultaneously if necessary. The battery supply 

arrangements are so designed that the vacuum tubes of two 

repeater units are \vorked off one filament circuit, permitting a 

reduction in the power plant. This arrangement of working 

necessitates the use of means for reducing the filament cross-talk 

and the power plant is equipped with a pcnver filter employing 

electrolytic condensers, thus obviating the necessity for individual 

filament choke coils. 
Since voice frequency signalling is used with these repeater 

units, there is, of course, no necessity for relaying ringing curren, 
at the repeater stations as it is amplified in the same manner as 
the speech currents, although means are provided for inserting 
Ii-cycle ringers when required. 

The basic net\vork used for all -to lb. medium-heavy loaded 
circuits is shcrnn in Fig. 19, and the building-out capacity 

necessary for each circuit is obtained from a multi-unit condenser 
containing 10 units, permitting values of capacit\' to within .001 
mf. being obtained up to a maximum yalue of . r mf. Since the 
repeaters are designed to give a better low frequency gain than 
has been obtained hitherto, it is necessary to employ a network 
which gives good simulation at lm\· frequencies and this is 
obtained by means of an excess simulator included in the standard 
networks, as shown in Fig. 19. 

At the terminal of the 2-wire group as described above, the 
arrangements shown in Fig. 15 arP used. This arrangement 
consists of the line repeating coils for ohu1ining a phantom circuit 
together \Yith the 500 cycle ringer panels and cut-off relays. The 
ringer panels and cut-off relays are illustrated in more detail in 
Fig. 20, \Yhich shrl\\s thr jacks used for testing the ringer panel 
hv means nf the ringer test panel shcmn in Fig. 29. The ringer 
p;mel is Pquipped \\ith a 500-c:·cle rela.'' of a new design which 
permits nf the modulating feature used with these frequency ring­
ing circuits for protection against false operation to he obtained 
from the incoming signalling current. This modulating feature 
operates the 20-cvcle circuit, which immediate]\, follows the nJicc 
frequency rela:,, 

.
and the final relays in the tr

.
ain do not operate 

unless the alternating current operating the voice frequency relay 
has the correct frequenc.v of modulation. 

The test panel associated \Yith these ringers is shown in 
Fig. 29, and permits of the time delay feature in the ringer panel 
being tested and adjusted, as \Yell as checking the complete 
operation of the panel from the two directions. Facilities are also 
provided for testing the 20-c\Tle rebys. 

The cut-nff rPla
.
'' shmn1 in Fig-. 20, \\ ht'n 01wra!ecl, closes tilt' 

line through a resistance, which is necessarv in order to prevent 
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THE LONDOl\-tiL\S(;()\\' Ti�T'.\K TELEPHO!\E CABLE. 

serious echo currents if the line were open-circuited during the 
ringing period. 

A 4-wire through cable group with repeaters is shown on Fis:;. 
16, segregation of input and output circuits is shmYn as well as the 
jacks used for patching and testing the repeater units. Low 
frequency corrector condensers are included in the inptit repeating 
coils, when necessary, on extra light loaded circuits to equalise 
the attenuation of a line at the low frequnecies and so prevent 
excess gain at these frequencies. 

The 4--wire repeater unit is shown in Fig. 21, which shows the 
unit together with its jacks, telephone and trunk panel, batterv 
supply circuit, meter panels and filament control panel. The 
listening arrangements are similar to those on the 2-wire repeaters. 

E:XCES5 
SIMULATOR 

7·7 M.F 

964 OHMS 

BUILDING OU! BASIC 1-JETWORK. 

5ECTION 
AS REQUIRED 

FIG. 19.---BALANCI!\(; NETWORK FOR H-177-rn7 PHANTOM Crncurr. 

The gain of the repeater unit is adjusted by means of the 
tapped input transformer and inter stage transformer, while a fine 
adjustment is obtained by means of resistances in the outplit 
circuit. The repeater unit \\ill cater for medium-heavy loaded 
lines and extra light loaded lines, the gain frequency curve being 
adjusted for the former type by means of the retard coil and 
condenser associated with the first input transformer. 

A schematic of the terminating arrangements employed 
for the 4-\\·ire system is sh<l\\n in Fig. 17. This cm·ers the 
use of terminal 4-\\'ire repeaters, 4-\Yire terminating sets, and 500 
cycle ringer panels. The 4-\\ire terminating set and the method 

of connecting the 500-c_,·cle ringer panel to it are illustrated in more 
detail in Fig. 22. The operation of the ringer panel is the sanw 
as that described for the 2-wirt> case , t>xct>pt that the cut-off relays 
are included in the 4-wire terminating set. The 4-wire terminal-
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THE LO!\DO'-J-l;T.\S(;()\V TRlNK Tl·:LEL'HONE CABLE. 

ing set consists of repeating coils and condensers so connected 
that they sern the double function of a hyhrid coil and of a high 
pass filter. 

In connect ion \\ ith the voice frequency signalling arrange­
ments a schematic of the 500-c_\·cle machines and control gear ;s 
shown in Fig. 23. This machine is designed so that its output 
from the winding is in the form of modulated 500 cycles, thus 
replacing the old arrangements of commutator output. 

l'acuum Tubes.-Tlw ,·acuum tubes used on the repeaters 
(l!l 1 lw London-Glasgcm repeater stations have oxide-coated fila-
1J1ents t aking a n1rrent of o.q7 amperes . .\n illustration of one of 
these tubes indicatt>s the design of the tuht>s and they are sn 

F1G. 24.-TYPE 4rn1 J) Tu1m. 

desi<rrwd that microphonicitv is reduced to a 1111mrnurn. Fig. 27 
� � 

gives the characteristic of the 4101-D tube under conditions of 

zero load and when closed through a load impedance of 6000 ohms. 
The tube> operates normally

. 
with a plate voltage of 130 volts 

and a negative grid niltage of y volts . llnder these conditions it 
\\ill lw sec>n from the load curn· 1 hat thl' symctric d istortion 
introduced l)\· tlw tube is negligible. 

In order 
.
to maintain the overall  circuit equivalent under all 

orclinan· conditions of batten· fluctuation which occur in practice, 

yacm111� tubes arc rejecl!'d \\"-hen the gain uf �i repeater varies bv 

more than o. r r (3l for a change of filament current from 0.93 amp. 

to r .oo amp. 



'l'l-rn LONIH>N-(;L.\.-.;(;()\\' TRL NK TELEl'HO:-.JF C'AHLF. 

This tube rejectiun test is made bv means of the filament 
Cl)ntrul panel and gain set previously mentioned. 

The 4101-D vacuum tube is capable of handling an output 
pmver of 0.59 watts , \\ hicb is a factor tu be borne in mind when 
laying out the transmission level diagrams . 

Repeater Apparatus.--Gain frequency curves of the 2-wire 
n" peaters for medium-heavy loaded circuits are shown on Fig. 25 
fur all potentionwter sett ings from r to 9. These curves show a 
remarkable uniformity of curve for all settings . 
00 

:
-

--: _l_ /_T �21 --,------,------ : 
POTENTIOMETEJ�. QN :=-.IE:P 

IS 
I ! -:: 1-+--· 

iPoTENilOMETER O"'l 5iE:'P S -----1-----J..-C"'l.,---+-".----+---+---+----I 

� :.L _ __,ljj,'._____j�_jfPO£T�E���T�OC�M�<�;�''���'�5�1�:�P-�#�I �±===::j::::=:t:::::::-,.L ____ -���_'\-��-U-+-----1 

O ZOO 400 GOO 600 1000 1200 !400 1600 IBOO 2000 "":ZOO 2400 '$00 2800 �0 
FREQUENCY -CYCU:S PER SECOND 

Fm. 25.-GAJN vs. FREQUENCY. 2-WrnE. 

Gain frequency curves of the 4-wire repeater unit are shown in 
Fig. 26, the medium-heavy loaded values lying between the two 
curves shown and various tappings on the retard coil previously 
mentioned give maximum values at intermediate points . The 
extra light loaded characteristic is sho\vn below the medium-heavy 
1 uaded characteristic. 

In SC'tting up a 4-\\ire medium-heav_\ circuit the transmitting 
half of the repeater at the terminal stations is given an extra-light 
setting hm·ing the required 1000-cycle gain obtained from the 
t r<1nsmission level diagrams. 

All uther rcpealt'.fS, including· the receiving- halves of tlw 
t l'rm i nal rept·aters , :1 rP set so that the gain-frequency curve com­
pt·nsates for tlw attt·nuatil)n-fn,quency ('t1rvt' of the previous 

repeater sectiun. Hy nwans of the adjustabl e tuning circuit men­

tllrned aboYe, it is possible to equalise for any repeater section 
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T!IE LONDON-<;I.ASGOW TRl NK TELEPHONE CABLE. 

bttween 1he maximum and minimum leng ths met with in practice . 

Po°LL1cr Plant.-The principal features of repeater station power 
pl<mts have been previously described in this Journal, and it is 
proposed in this article only lo refer lo those features of the power 
plants for the repeater stations on tlH' :\orth-Eastern cable which 
differ from the system previously explained. Photos on pages 
126/7, and Fig. 28 illustrate the general arrangement of a typical 
plant and refer to Leeds Repeater Station as representing the 
system under consideration, which is distinguished from previous 
systems by the operation of the batleries on a floating routine. 

CORRESPONDING GA.lN A..T LOWER FREQUENCIES 

F"REQUENCY C.P.S. EX.L. CONNECT10'""'S M.H • CONNECTl0""5 

400 2!6·G. 5.M. ZG·2.5.M. 

BOO Z7·0. 5.M. 'ZG·6.5.M. 

\OOO 27·Z. 5.M ZTZ. 5.M. 

42 +-----

-- --

I K 
-

'>" 
I/ \ 

/ \ 
I / \ 

IY' v \ 
v v,,, 

' 

,/ �� 
1__..- l----L..-- 1� 1---' 

L---1� L-- £.�.\-

•400 !GOO 1600 'ZOOO 'Z'ZOO 24-00 ?GOO -zaoo 3000 3400 

FREQUENCY-CYCLES PER SECOND 

FH . . 26.-GAI'\ \'S. FRE<Jl'E'\CY. �-WIRE. 

In this instance the power plant supplies both the local tele­

phone exchange and the repeater equipment , and for this reason 
particular care has been exercised in obtaining a perfectly noise­
less supply for the cable circuits. The 22 to 30 volt generators 
which are used for charging and floating the filament or " A" 

batteries are of special construction , embodying the usual features 
of telephone type machines--a large number of commutator 
segments and armature slots per pole, a long air gap, chamfered 
pole shoes and skewed armature slois. Such means alone, how­

ever . <tn' insufficient to ensure noiSl'll'.SS operation of repeatered 
circuits, and a special filtf'r is inserted between the generator and 
the batter_1· \vhen floating. This filter consists of suitable choke 
coils in the negative lead and a hank of three electrolytic con-
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<lensers connected across the negative and earth leads. The use 
of electrolytic condensers enables a high electrostatic capacity to 
lw obta i ned in a small space. Three rnndensers , each of rooo mf., 
are connected in parallel. ln th i s \my all noise arising from the 
machi nas and from the relay and miscellaneous ex.change circuits 
is prPvf'nted from reachi ng the repeater circuits. 

For repeater work ing the normal perm iss ible voltage variation 
at the fuse panel bus-bar is± 0.5 volt. Tlwfloatingbatter)·system 
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GRID VOL IJ>..GE. 
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provides a ready means of maintain i ng a steady bus-bar voltage , 

even o\·er a certain range uf load fluctuations, and it is necessary 

only for the attendant to adjust the generator field regulator when 

considerable changes of load take place. During periods of failure 
c:.f the outside power supply the two " A " batteries may be 
connected in parallel for discharge to the exchange and repeater 
tquiprnent, in which case a further fall of 0.9 Yolts is allowable at 
the fuse panel bus-bars. 
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The emergency resen· e power plant at Leeds consists of an 
engine coupled to a generator which will produce 60 K.\\r. at the 
sDme voltage and frequency as the normal power supply. 
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The floor plan by-out of Leeds repeater station hattery and 
pm\t•r rooms is slrn\\n in Fig-. 28, thesP rooms being· located 
acijacent to the repeater room on the second floor. The equipment 
'.s so arrangt>d as to require the shortest pussi!Jle length of cab ling 
between the batteries, machines and apparatus racks. 

The duplicate filament or " .\ " batkries each consist of 11 

wood lead-lirn·d cells "·ith an initial ca pacity of 5000 ampere hours 
at the q hour rntt>, suitab le for extension to a capacit.1· nf 7500 
ampere hours at the samP dischargt" rate. The batteries arc� 



THE LONDO -GLASGOW TRllNK TELEPHONI' CABLE. 

illustral·ed on page i27, the space in the cells available for exten­

ion being clearly shown. 
The duplicate plate , or " B " batteries, each of 65 wood lead­

linecl cells, are arranged for initial and ultimate capacities of r50 
and 300 ampere hours respectively at the 9 hour rate. These 
batteries, mounted on double tier wooden stands , are seen in th� 
background of the same Fig. The voltage limits for the "B " 

catteries are 125 to 135 volts mea ured at the repeater fuse panel, 
which limits are readily met by charge-discharge operation. 

Duplicate grid, or" C "batteries, are supplied, each consisting 
of 5 glass cells of 20 ampere hours capacity at the 9 hour rate for 
both the initial and ultimate repeater equipments. The voltage 
limits for the " C "  batteries are 9.5 to 11 volts measured at the 
repeater fuse panel. The " C " batteries are operated on a charge 

-discharge routine, charge being pffected from the " A " battery 
bus-bar through a sui t able resistance. 

The whole of the above batteries are of the Chloride Co.'s 
manufacture . 

Fie. 29.-R1sc1NG TEsT PAKE1.. 

:\ general view of the "A " battery machines and power 
board is shown on page r26. Each of t hese motor generator sets 
consists of a C rompton Co.'s slip ring induction motor operating 
on a 200 volt, 2-phase , 4-wire 50 cycle supply and direct coupled 
to a 22 to 30 ,·olt, 650 ampere telephone type generator, as 
mentioned above. The motor-starting panel for these machines 
may be seen on the extreme left of the power board. 

Two 130-180 volt, 50 ampere, " B  " batter.v motor generator 
sets are provided for charging purposes, the generators of which 
Are ordinary commercial type machines manufactured without 
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special restrictions regarding commutator ripple. One of these 
machines is shmn1 on page 127. The photo alsn shows the two i 7 
cycle ringing machines 1Yhich are p rovided, one for operation 
from the nutside p1J\1·er s11ppl_1· and the other suitable for running 
from the " .\ " b;1tteries. The line driwn machine is normal\\· 
used and the hatter_1· drivei1 dynamotor is operated only during 
periods of po 11 er supply failure. 

ThP pmvpr board mounts the necessan· S\\ itchgear, instruments 
and meters for the muchines and ba!!eril,S described above and 
calls for no further comment. 

\\re are indebted to the International Standard Electric 
Corporation for much of the technical detail and the diagrams 
included in this article; and we desire to take this opportunity 
of acknmdedging the extent to \vhich the presPnt acfrancecl stage 
of the art of long distance cable telephony has been due to the 
basic \Hlrk nf the Bell S_\·stem Laboratories of the American 
Telephonf' ancl Telegraph Compnn�- and to the information pub­
lished in their technic:1l litPratme. 

A.B.11. 

LONDON-BERLIN TELEPHONE CIRCUIT. 

ON the 15th ..\larch a night telephone service with Germany 
11·as opened. L'ommunication \Yas established with Berlin, 
Hamburg ;md Cologne. This limited service is merely a 

temporary cx1wdicnt pending the introduction of a full time service 
later in the year , \\hen the third Anglo-Dutch Cable is brought 
into use. The 1 lamlrnrg and Cologne circuits are provided by 
<·xtf'nding t\\'O uf the London-Amsterdam Trunks. Since the 
Berlin Circuit had to he specially dealt \Vith on account of its 

greater length some details of the arrangements made may be of 
interest. 

In the first instance an attempt was made to establish com­
munication between London and Berlin by extending a London­
Amsterclam circuit as in the case of Hamburg and Cologne. l t  
\\'as found, hmwn·r, that suflicient volume could not b e  ensured 
to permit of reasonable extension. The Lunclon-"-\msterdam 
circuit used \\as macle up of a t\1·0-·wire circuit on underground 
conductors London to "\ldeburg·h, submarine cable to Domburg, 
and thence underground Domlmrg to Amsterdam, \Yith repeaters 
at )J deburgh and �Iidclelhurg. For the Berlin circuit a repeater 
\\'as introduced at ,\rnsterdam. From ,\ rnsterclam oyerhead con­
ductors continued the circuit to :'.\! i.inster, between which town and 
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Berlin a four-wire underground circuit was used with repeaters at 
Munster, Bassum, Hanover, Magdeburg and Berlin. 

As a result of the preliminary trials it was decided to make the 
London-Amsterdam section of the circuit four-wire. The section 
Amsterdam-Munster had to remain as a two-wire circuit as spare 
conductors were not available to make the circuit four-wire 
throughout. 

Fig. 1 indicates the composition, lengths and gauges of con­
ductor and the attenuation lengths of the various sections of line, 
as finally made up, and also the location of the repeater stations. 
The total length of the circuit is 877 miles. 
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b = .\ttenuation length ({31). 

From a study of the attenuation of the various sections of the 
circuit prm·isional settings of the repeater gains were arranged. 
Transmission measurements were then made over a range of 
frequencies to determine the transmission levels at the various 
stations and final adjustments were then made to obtain suitable 
transmission levels and reasonably uniform transmission over the 
frequency range of commercial speech. 

The following table gives the results of tests made when trans­
mitting in the two directions:-

London to Berlin. Berlin to London. 

Frequency 
Transmission level at Transmission level at 

Amsterdam Berlin Amsterdam Berlin 
w (=zrrf) 

Standard miles. Standard miles. 

4000 + I 1.3 8.o 1.9 7.5 
5000 + 10.9 10.3 I.O 8.o 
6000 + I 1.3 9.4 2.3 9.4 
8000 + 10.3 13.2 + 3.8 6.3 

10000 + 8.9 I I. I + 7.0 5.0 

+ = above transmission level at the sending end. 
below , , ,, " ,, " 

VOL. XIX. K 
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Taking the efficiencies at «> = 5000 it will be seen that the 

stambrd cable equi,·alent London to Bt�rlin is about 10.3 standard 

miles , and in the direction Berlin tu London 8.o standard miles. 

Tlw nieasu1Tnwnts \\ en� made by sending into the circuit at each 

vnd in turn tlH� cqui,·alent of 1 milliwatt into an impedance of 

(Joo ohms, and measuring the Yoltage across the circuit at inter­

nwdiate and terminal points. The readings were corrected for 
impedance if the circuit differed from 600 ohms in impedance. 
The readings given for Amsterdam were taken on the output side 
of the repeater. 

It will be noticed that at the higher frequencies there is a 
di fference in the efficiencies in the 1\rn directions. As this did 
not interfere with satisfactory speech steps \Vere not taken to 
correct it before bringing the circuit into use. 

In a telephone circuit it is not practicable to so arrange the 
impedance of the terminal apparatus that the whole of the received 
c1wrg_\· is absorbed in !lie receiYing apparatus. �\ portion of the 
energy is therefore reflected hack to the sending end. In a short 
ci rrnit the reflected energy is so quickh· transmitted that it becomes 
nwrged \\ ith the ordinary side-tone in the receiver, and is not 
noticed. ln a long circuit \Yitlrnut telt,phone repeaters the reflected 
enPrg_1 · returns later, hut is so attc·nuated as to he still unnoticed. 
In the case of the London-Berlin ci rcuit, howe,·er, the time of 
t r;rnsmission is much greater than the normal and, owing to the 
attenuation having been grea!l _v reduced by the introduction of 
repeaters , the reflec ted energ_v· is considerable and is relatively 
much dela _n•d \\ith respect to the transmitted speech. In conse­
quenn>, unless steps \WrP taken to prevent it, the reflected speech 
c:urrents \Hrnlcl cause the speaker to imagine that the listener was 
t r _,·ing· to interrupt him, his own speed1 being heard as an echo. 

In order to m·e1-come this di ff1 culty "echo suppressors" have 
lwen i nstallecl in London and I Ltnow r . This apparatus renders 
the Berlin-London side of the circuit inoperative when speech is 
being· transmitted from London to Ber lin and vice versa. 

For a dPscription of the "echo su ppressor " as used in London 
reference should he made to ;1 pa1wr h:· M essrs . Robinson and 
Chamne,-, rt'ad b efo re the Tnstitut e of Post Office Electrical 
Engineers, entitled "Recent Rese;1rch \York on Telephone 
Repeate rs " (Profpssional Paper �o. q9). 

It shoul d he mentioned that, in :1clclition to the true "echo" 
effect, circulating cur rents due to inevit abl e out-of-balance con­
ditions at the junction between tlw four-wire and the two-wire 
portions of t he circuit are also returrwcl to the sending end and 
operate in the same manner as tlw true echo. The "echo 
suppressnrs" s 1 op tlwsp currents also, and it is for this reason 
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that an " echo " suppressor has been provided for each four-wire 
section. Fig. 2 shows the circuit arrangements. 

"\t the London end of the circuit a section of artificial cable is 
connected bet" een the output side of each repeater and the line to 
enab!t· the rna:-..:imurn amplification of the repeater to be used with­
out unduly increasing the transmission level on the line. This 
arrangement makes aYailable a greater voltage for operating the 
" echo suppressors " and the latter thus operate more efficiently 
·with weak speech currents than tht>y would do otherwise. . 

It will be noticed that phantom circuits are used in the sub­
marine cable . 

Signalling is effected by means of soo cycle alternating current. 
The energy used is \Yithin the scope of the telephone repeater 
YalYes and the signalling current is amplified in the same way as 
ordinary speech currents. Intermediate ringing repeaters with 
their attendant relav troubles are thus eliminated. Reference to 
the table of transmission values will show that the efficiency is 
good at the 10\wr frequencies and this is necessary in order that 
the ringing currents shall be properly maintained. A test at a 
frequency of 500 cycles ("> = 3 qo) showed the efficiency to be 
practically the �"ame as that at (J) = 4000. 

Special relays designed to respond to the 500-cycle current are 
used to rt>ceive the signalling current and these relays operate 
ordinary telephonp type relays ,,·hich send out 16-cycle current to 
thf'. normal exchange signalling equipment. The operators ring 
in the usual manner with 16-cycle current and this operates relays 
which caust' 500-cyclt' current to be passed out on one side of the 
four-\Yire portion of the circuit. A diagram of the terminal 
arrangements for 500-cycle signal !in,g \\·ill be found on page 279, 
Vol. 18, of this Journal. 

The erho supprPssors \\·er<' manufartured by thP General 
Elertrir C'n\". (Peel \\'orks, Con'ntrv). 

:\s nlrt>ad:· explained , the arrangements are onlv of a temporarv 
character. \Vhen the full day service is opened tl�e Berlin circuits 
will bP operated as four-wire underground cirruits throughout , 
excep1 in tht> submarine rnble section which will be worked on a 

t\\·O-\YirP basis. Repeaters will then be installed at Marks Tev 
instead of London <u�cl thP Middelburg station will he rPplaced b·\. 
ont' at Domburg. 

. 

[Norn.-The Anglo-Dutch No. 3 CablP has been laid from 
Dom burg to A ldeburgh and tests prove it to be efficient . Wt, 
hope to give a dPscription of this rable in our next issue .-En .. 
P.O.E.E.].l 
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AUTO MA TIC TELEPHONE EXCHANGES IN 
AMSTERDAM. 

MAINTENANCE EXPERIENCE. 

By DR. lR. CH. E. A. ;\LuTLAND. 

1\ SHORT c.lescriptlon \\ill be given of the installation of the 
telephone system in A msterc.lam. 

There are now ( i925) four main exchanges and one satellite, 
VlZ, : -

2nc.l 
3rc.l 

4th 
5th 

level 

" 

" 

" 

South, Tenier Street. C.B.2 full automatic. 
Central, Singe! Street. C.B.3 full anc.l semi-

automatic. 
North, Raadhuis Street. C.B.4 semi-automatic. 
East, .Middemveg. C.B.5 full automatic. 

uth " of which the bulk of the ist G.S. and 2nd G.S. 
are placed in the office 0."orth, and one satellite is installed on the 
opposite side of the river at the \Vingerdweg C.B.6 (full auto­
matic). 

,\11 exchanges are of the Siemens and 1-lalske Strowger system. 
They work with impulses with earth return. The switches are 
rnntrollec.l electro-mechanically by sequence switches. The:::e 
sequence switches are of a minor switch type with banks and 
wipers. 

The toll traffic is served by means of manual switchboards, 
except in the satellite of the 6th level, where the toll traffic is 
distributed automatically. 

Table I gives various information about the exchanges. The 
semi-automatic exchanges are being altered gradually to become 
full automatic. The figures under 9 and 1 o relate to the load 
during the peak hour ro- 1 r in the morning for January, 1925. 
They hold for normal working. On special days higher figures 
are reached, for example 22500 for C.B.4. 

The maintenance of a telephone exchange can be divided into 
two parts:-

1. Preventive measures. 
2. Removal of faults. 

The first includes the measures for revealing and removal of 
faults before they have causecl disturbance to traffic. The second 
refers tu the removal of faults "�hich han� been revealed by causing 
disturbance to traffic. The statistics in the first category serve as 
a judge of the \vork uf the maintenance staff, those in the second 
category show the quality of the maintenance. 

The sharp demarcatiun of the different types uf foults in th<� 
maintenance statistics would, hmYever, cause insurmountable 
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trouble. Fur instance, if a fault is found by the patrol it is by nu 
means sure that a fault of one or another kind has not already 
arisen in a connect i on , \Yhich, hmn�\·er, has given no cause for a 
com plaint and has not been a(h·ised in any other way. 

( 'onYerseh·, the fault may ban'. bet>n not iced owing to super­
Yisory signals , among others, those due tu a temporary overload 
of the switching apparatus, which are therefore not caused by any 
technical fault. Fur these reasons it is convenient tu divide the 
vanous types of faults as follows:-

,, _____ _ 
···-·-----­u:--------------------------_;_-----------i 
·· -----­
u:-
,, _____ , 
1.1.----·-----

��,-------------------'----------'--------------' 
o• 

QJ --•----

���;-T���;-_�--- -. - --
-----r- T--=--=------��� -----------

IV*" I'll ,, 1\'ll ,, !'lIIJ ,, 

�EfV�v��yt 
q".t--- -- - ---�--- -----.....,---------------- - -------
00---------------------------� --------
a,7-; 

l IX IS IX IS IS 

FIG. 1.-:\nrntrn OF F.\l'l.TY Co""ECTIONs .\s PERCENTAGE OF THE ToTAL NUMBER OF 

C.\l.T.S I" 1924. 

( rst) Control faults \vhich have gi,·cn no cause for a com­
plaint , yet have been found by the staff by means uf 
tests, either by tl1e routine tests or by various super­
visory apparatus (C faults). 

(2nd) Faults, \\hich arc reported by the public to the 
monitor (S faults). 

( Jrd) Faults, ,d1ich are advised b_1· the operators (B faults). 

The first categ·clr1· affords an indication of the activity of the 
staff, "hi le the figures of the second are a measure of the public's 
appreciation of the sen·icc and as such can sen·e as an indication 
of the qual ity of the serYice. 

The third group stands more or less hy itself. The faults 



Al·'IOMATIC TEl.EPIIO"JE EXCHc\NGES IN .\l\ISTERDAM. 

lielunging thereto can belong eitlwr to the first or the second 
gTuup: it is not a hvays clear in ,,·hicb categor_,. they should be. 

They naturally only appear in the semi-�1uturnatic exchanges 
and are only located in the a ppara tus "bich is used in connt'ctionc.; 
completed by the telephonist. 

Quantitatively they have nut rnucl1 significance. The sum of 
the three kinds of faults is a rnl·asure of the technical perfect ion of 
tlw whole apparatus. In cunjunction \vitli what has just been 
said, the staff in the exchange may lw diY ided as follo,,·s :- -

l. Jla int enance staff ( C faults). 

11. Fault staff (Sand B faults). 

The first staff \H>rks on its 0\\11 initiatiYl'; the st"cond \rnrks 
\\hen fault reports are handnl in . 

Tlw maintenance staff includt·s tlw fo l l ()\\ ing·: 

(a) Cleaning and tid\ ing. 
(b) Routine testing of S\Yitches. 
( c) I nspection and re\' is ion. 
(d) Control by means of supen·isury signals . 

(c) Control through fault statistics. 
\\'e shall discuss these in more detail. 

111. Cleaning Staff. 

Sinn� the \\ orking of an automatic exchange depends so very 
larg ely upon many contacts of man y sorts it is necl'ssary to keep 
the rooms yerv free of dusL 

l\mlact faulls arise through burning, i.e., C"lectrulytic o"idatiun , 
or owing to the contact being dirty \Yilh dust . 

ln many cases the last stimulates both of the others , especially 
the second phenomenon. The dust floating in the ruom collects 
un !he contacts, at first through the bn°athing of tlfr relay , and, 
secondly , possibly collects through the elect ric charge of the con­
tact points. The breathing arises through the heating and cooling 
of !he relay coils, causing air currents to and from the relay casing. 

These air currents bring dust with them or what is yet more 
annoying yer_v fine particles of oil:· matter, arising from the 
lubricant, or paint and perspiration from the strongly heated coils. 

The greater the number of relays which are enclosed in a relay 
group the stronger will be the phenom enon of breathing and tht• 

greater is the possibility of dust trouble. In a yery short time tlw 
deposition of dust occurs on the inside of tlw relay cm·ers. Thl' 
results of the Amsterdam fault statistics shmY that a largt' numlwr 
of contact faults appeared after 5 or 6 clays of dust moyement 
or dust <H'tiYity . The running and still more the removal of 
cables, the visits of a great number of people, h lmving dust from 
the l.D.F. and, most troublesome of all, paintin g with quick dry-
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ing paint increase the number of faults. This can easily be seen 
from point L on the curve in Fig. 2. As a result of the painting 
of the ceiling and of a wall in the Central Exchange, the faults 
rose shortly afterwards so much that the percentage of faulty 
connections reached 2 .48%, i.5 % being normal. 

Seeing that the phenomenon was well known, and also know­
ing which contacts wen, the most likely to suffer, the trouble was 
quickly removed. 

·-·--------- ---------;----- �·--·--, 
1_9 �----- - -·------=-----------------1'4--i---------- --
" 
u�: �j========-==============:j�==t=:::::::============:=====t=======� "i-
... '-': '---'-------------+--1-�-A--�-----�.---Jl---
u -.c.:�---1t-u�' ---'--'-'--"--�---�-_,__.,_ __ -'--\--J-l,<-+-+>.-��-++,_,.__,-+-_,, ++--rll-+---� 
I.I "'' __ _j,_f_:.\-l'>l-�4.Jlf-..;;'4-A---+�-11-----i--\l--'--V'--'-rl--\-,t:'"-\f-41 ---+-_,_f4�-++--1---
�=� ======�:'.===-:'t.:'.:".1:::::lt'!�========:=======::"::==========�t:!_':::::'��":= �;..;.---------'----'------"---------�--------
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. . I 
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0·1'1-1..;._

X 
___ ,s _______ l�X---,�s----l+--XJ---,-,----1-+-
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FIG. 2.-NuMBER oF FAULTY CoNNEcT1uNs As PERCENTAGE OF THE TOTAL Nu�rnER OF 

CALLS IN 1925. 

The same thing happened shortly after the exchange " North " 
was opened, which occurred unfortunately simultaneously with a 

heavy overload. Here also painting had just previously been 
done. In this case the contacts chiefly affected were the break 
contacts of the cut-off relays and largely those which only carried 
speech currents; (among others, in the manual board selectors). 

An improvement can be made here by so designing the trunk­
ing scheme that a small direct current is carried over the contact. 
The case is the same with the impulsing contacts of the motor 
interrupters. The contacts carrying direct current are not so 
sensitive to dust, but wear a\vay sooner than the contacts which 
carry only speech and signal currents (A.C.). 
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lt is necessary to keep the auto room as free of dust as possible. 

Cleaning of contacts \\ luch is necessary tu prevent the occurrence 
of trouble if dust be present must be restricted as far as possible 
because of the wearing of the contacts, and because much re­
adjustment of relays and switches \\uuld be necessary afterwards. 

It is much better tu avoid trouble by preventing <lust in any 
feasible way. Regular cl1� aning of contacts occurs only now and 
then and less frequently on the contact banks of the Strowger 
switches. 

The cleaning of the apparatus is restricted to the removal of 
dust from springs and relay covers (these also on the inner side) 
while simultaneously the dust displaced is removed by a powerful 
vacuum cleaner. For this cleaning, two workers are always 
needed, one controls the dusting brush and one controls the 
vacuum cleaner. Co-operation between the two is naturally 
required and needs ·effective supervision. A powerful vacuum 
cleaner is installed in the power room in each exchange, to which 
pipes are connected throughout the whole building. Portable 
hand blowers are also provided to blow away dust if necessary. 
These must not be used on switches. They only serve for the 
cleaning of the M.F. & l.D.F. and are always used in conjunction 
with the vacuum cleaner. Even with these careful measures it is 
found that after each time dust is blown away an increase of the 
number of contacts faults is noticeable. The distributing frames 
cannot, however, be cleaned in any other way. 

To prevent the accumulation of dust, all auto rooms are pro­
vided \vith linoleum on the floors, which is always kept waxed to 
hold the dust. The rooms are approached through double doors, 
and the ventilation is done exclusively through ventilators, which 
draw air through openings covered with flannel filters. The 
humidity is of much importance. With great dryness, under 
30%, there is an increase of dust. This is noticed during periods 
of hard frost when the heating must be effective, and the air 
is dry. It is then necessary in one way or another to introduce 
vapour with high humidity. Above 70%, insulation faults begin 
to be apparent. For these reasons the humidity is kept between 
30% and 70% if possible. ( \msidering that contact faults amount 
to 20-50% of the total number of faults advised bv the public (S 
faults) it is obvious that the work taken to avoid these is quite 
justified. 

A very great improvement in the number of contact faults has 
been brought about through the introduction of double si!Yer con­
tacts. The contact spring is split , and each contact consists nf 

two contacts side )J,, side, each with independent contact points. 
The improvement brought about by this tvpe of contact in tht· 

impulse sender relays in C.B.3 is apparent in the great decrC'aSC' 
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111 the percentage of i ndkct i \'('. connect ions, aflt'r the inst al latiun 
of double s iln·r contacts. (Sl'.(' l int'. D in Fig. l). 

The ex d1 ange East, C.H.5 is prn\·ided throughout \\'ith such 
contacts, "liich is l,vident from tlw number of cunta1·t faults. 

The num ber of contact faults on tlll'. break contact of the cut­
uff relays (t contact) amounted to: 

C.B.2 20«�:) of t lie tota l s fa u lts (\\ it h U()lJd b 
inspect ion). 

C.B.3 60% " ,, " 
C.B4 50% ,, , , " 
C.B.5 1o'X, , , (double silver contacts). 

lV. Routine testing. 

lt is necessary tu luok for evt0ntual faults and defects through 
the periodical cuntrol of the S\\ i tch ing apparatus before they haYe 
gin:n rise tu faults during tlw \V<>rking. The mure energetically 
this control functions and the gn·<1ter the percentage of total faults 
found in this way, the less \Vil\ lw the h i ndrance which the public 
will exper ience from unavoidable faults. J\luch routine testing 
needs a big staff, and a pos i tion is reached \\ lwre increas e of staff 
p roduces v ery slight impro,·e111ent i n reduction of C faults. 

Too many exam inations of the apparatus disturbs the work­
ing and reduces the number of S\\·itcl1es available for the traffic. 
:'\'aturally the IL'.SS busy hours are chosen for routine testing. 

The maintenance staff in . \msterdam works from / a.111. to / 
p.rn.; outside these hours watchmen only are on dut;. The test­

ing of swi tching apparatus lakes place rnostl v bet \\een 7 and 
9 a.rn., r2 to 3 p.m . and 5 to 7 p.m. 

There are three kinds of tests:-
First, the functioning of the S\Yitclws in all ln·els. For this 

purpose there are jacks in tht' connections tu the s w i tclws. 
The faultsman inserts a te:-;ter in a jack of the group s e lecto r and 

ra i ses the selector ont' b\' one to all rn\\'S and lets it rotate. 
In the case of the 1st group Sl' i ecturs tlw signals ar e obser\'ed 

at the same t i me. In the case of the final selectors the switch 
is directed to a control fault number to \Yhich the tester has been 
connected, to prnYe the working of the signals. 

Usualh· all selectors are tested once a \VCek in this \\a\·. Occa-. . 
sionall�· an extended test takes place, \\hich consists in )Hoving· 

the outgoing· trunks of a bank of each. ,\JI the contacts of a1w 
row are di::ocnnnectecl except one, \\hile the group selectors of the 
following \eye) are removed. The switch thus comes during 
rotation to a pre-determined contact, from \Yhich the trunks can be 
controlled. For these tests t\\'O men :ire ahv<ffS necessan· and ' . 
they take a lung tinw. Ne\'ertlwless, it is ah\'a\·s done when 
\York has been clone on the sch·<·tors or the preselectors. 
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Secund. Testing switches \\hich are nut in the normal 
pusition. 

This serves tu shuw \\ hich swi lches du nul S\I itch uul in use. 

The faultsmen supe n· 1 se this by invesligat111g \\'Ith a head tele­

phone the voltage cund!l1un uf lhe lines, ell the same time all idle 

S\1itdws are tested to see if they are comwcted tu battery. 

This test can be done Hry quickly by efficient men and is 

done each half huur 11 hen possible. l t sll<)\VS up a great many of 

the C faults. 
Third. i\laking complete test calls. This is done through 

the trafllc office, mainly with other ubjects, yet it may also be 
adyantageuus 111 t he search after faults. The traffic office 
makes on certain days in the busiest hour a great number 
uf test calls, say frum 400 lo (Joo, from numbers in groups with 
very heavy uutgoing traffic, to numbers in groups with very 
heavy incom111g traflic, and im estigates in this way the possibilit v 

of connections during the most unfavourable hours and under the 
most unfavourable conditions. 

The tests go oYer all levels and all trunks by varying the test 
numbers. lf faults are then found the switches and lines used 
are, if possible, held and instantly reported lo the relative auto 
room. The cause of the fault is sought for at once. The tests 
are made through a rou!ine test i ng oflice, with carefully con­
trolled !esters, so as tu ensure that the defects repur!ed in !he 
exchange will be sough!. 011ing to the great number of these 
tes!s and the variety of the channels used, these tests give an 
accurate view of what a subscriber shou Id experience when work­
ing without error, with good instruments in the must unfavourable 
conditions. 

For the full automatic exchange, the faults found in this way 
amounted all told to 0.2%; for !he serni-au!omatic the faults were 
3.53, of which r .5'X) ·were faulty numbers due to telephonists' 
errors, and r .5 % to the manual hoard switches. 

The preselectors are gin�n no regular !t'sts except when there 
is a particular reason for ii. Tu do the \\hole lot regularly \voulcl 
lake too much time. The manual board selectors are routine 
t es!ed abou! once a fort nigh!. 

V. Inspection and Supervision. 

A.n exchange is di Yided into (> groups for maintenance : i.e., 
ti1·e of :2000 !ices ( 1st prcselec!ors, 2ncl preselertors, 1st group 
selectors, manual board selectors, 3rd selectors, and finals) and 
one group t aking all second selector:-;. In till' semi-automatic 
exchanges there i:-; a sc,·enth group compris i ng the impulse 
senders wi!h the d ig i t ke1·s. In ead1 group 1 here are ! \\O mechan­
icians and an as:-;istan!, who �ire respon :-;ibk for the \VOrking of 
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the group. They \\urk as far as possible ahvays in the same 

apparatus gruup, doing all works, fur buth tests, and the search 
fur faults. They du the necessary inspection and supervision uf 
the s\\itches. The first cunsists chid1y in fullu\\ ing the \vorking 
uf the selec!ors in use. They are su practised that to a great 
extent they \\ mk by hearing and recugnise any abnormality by 
sound. 

Supen·isiun means the sy stl'rnatic control of the S\vitches and 
rel<1>· groups, fur the purpose of adjusting all subsidiary parts, 
follu\\ ing the adjustment details. 

Formerly this supervision occurred periu<lically. At stated 
times the apparatus was withdra\\ n from service and tested for 
correct adjustment in a mounting un a bench equipped\\ ith special 
testing apparatus. This has usual! y prm·ed unnecessary . At 
present the group switches and relay groups are only subjected to 
supervision when, on account of some kind of fault, they have 
been taken from their place for repair. 

The switches are repaired in the room. The relay groups are 
repaired in a small \vork room, placed close to the auto room, 

\Vhere tools and parts are available and also a small test panel 
whereby the \vorking of the relays and impu lse senders can be 
tested in accorcl<mce with rules laid dm\n. 

This supen·ision and the simple repairs are done by the 
personnel of the group during the time when three men are present, 
so that two can \York in the auto room and one in the workshop. 
This is norma ll y lw:\\een IO a.m. and -+ p.m. See Fig. 4. It 
will be seen that in this \\·ay 1 lw \\'llrking uf selectors comes 
under supervision, as fullmYs : ·--

rst selectors, twice per year. 

2nd selectors, once per year. 
3rd select ors, once per t\vo years. 
Final selectors, once per year. 

As all selectors are numbered and a lw;ws stand in the same 
place, accurate records can be kept. 

This gives good control owr the q u:ility of the apparatus and 
of the work of the m aintenance nwn. 

VI. Control via Supervisory Signals. 

i6o 

These an' (11) Blown main fuses. 

(Ii) Bhl\\n clistriilut ion sv1 itch fuses. 

(c) I .ate disconnect ion of int erru pter . 

(d) Congest ion in g-roups \\·lien all aY<1ilabk out­
lets to tlw follm\irig· rank art' busy. This 
is onh for 1st and 2nd preselectors. 

(1') Failure of signal interrupter, ringing current, 
etc. 
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(f) Permanent loops: this is given after r20 

seconds. 

(g) 1st group selectors, \\"here a connection 1s 
called for, but docs not come to fruition 
because the connection is broken in the 
first or follmving ranks, or through a 

disconnection in a level. The alarms (a) 
to (e) are denoted by various coloured 
lamps for each section and division of 
2000 lines. a and b are also given 
audibly. 

The signal f is a lamp for every fO\\" of 10 first group selectors. 
\Vhen it lights, the faultsman looks for the relative selector, 
connects his test set and finds if a subscriber is talking. These 
signals are mostly " caused by short circuits outside the exchange, 

'' hich are then discovered by this method. 
(g) is the most significant alarm; it consists of a small lamp on 

n·ery 1st group selector. There is, further, a supervisory signal 
per group, denoting in which thousand a signal g has appeared. 
These lamps are placed near jacks, through \vhich the faultsman 
can enter the circuit. The signal appears as soon as the con­
nection fails, and lasts as long as the subscriber concerned does 
not hang up. 

The faultsmen in charge of a division during the busy hour 
remain near the 1st group selectors. As soon as a signal g 
appears, be butts in and seeks for the cause of the fault. The 
subscriber is sometimes to blame and he can be informed. Some­
tinws t rnuhle is caused \\·hile all lines in tlw le,·el asked for arc 

hllS\". 

In m;llly cast·s, howen·r. it is a fault 1d1icli 1 lw faultsman can 
detect by taking tlw ist group selector m·er from the subscribl'r, 
in tht' position to 1d1ich it has !ieen raised, and tlwn demanding 
the same number as the subscriber has done. ff this connection 
cannot lw put through the switch can he h eld and the way in which 
t lw call has gone ostray can lw found and inYestigated . 

. \ great number of C faults can lw found in this \\";1v, ,,·hich 
requires ilw continual surYeill:ince of the fa11ltsman. For the 
s:1ke ()f cc1mplt,t<'JH's.s it should Jw nwnlinned that while the con-
1wction the faultsman makes m;11· he successful vet this dot"S not . . 
mean that no fault exists. The connection ma\· haYc hPen madt· 
hy ;111otlwr rnute. flmn�ver, the faultsman is usualh· f]Uick and 
t her\'.fore no change has occurred in the position of tlw sucreeding· 
sele< 'tors 1weclecl to complete the clesired connection, and tll<· 
second connection follows the same rout e as the first. If the 
fault he not found, he notes the rnlled number and gives special 
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attention 1o the fact if more alarms g come from the same 1st 
group selector. Alarms g are multipled on a desk in the ex­
change Inspector ' s ol11ce. The working of the exchange can e 
judged from tlw incidrnct, llf tlw glowing of these lamps, and 
indicates \Ylieilwr his presence is required in the auto room. 

Vll. Control l>y fault statistics. 

Fault statistics afford an indication of the standard of ma111-
tenance. In many cases they also serve directly as a means of 
inYestigating faults. 

In the case of complicakd S\\itches, one cannot fully determine 
that they are fit for sen·ice by just testing them at the test table. 
\Vhen a switch fails to function properly five times out of 100 

connections, it is not fit for sen·ice and yet it is quite possible that 
it had been found O.K. on test. 

The impulse senders g·iH� a good example of this. \\'hen 
these are all in the same cond ition as regards maintenance, and 
the traffic is distributed \Yell and eyenly in the exchange, then for 
all senders the ratiu of tlw number of ineffrctin' calls to the total 
effective calls is the same, unless one of the senders has some 
small fault ,,·hich brings it into an unfavourable situation as 
compared with the others. 

\\'hen it is possible to calculate the proportion aimed at above 
for the whole of the impulse senders, \vhich in Amsterdam can 
easily he done, then an a,·erage is obtained for any twenty-four 
hours, from which the indi,·idual figures of the switches may 
deYiate but little. 

"\s soon as an impulse sender shows deviations from the 
calculated ;1 n•ragl'. ''" h ich I ie outside the 1 i m its of pure chance, 
it is switched out and again testl'.d carefu lh· in accordance \Yith 
instructions. If it is brought hack lo its place the faults must 
Yanish, which is generally the case. 

Fig. 1 and Fig. 2 show clearlv the result of working in these 
\rn\·s. The figures show 1he number of ineffective calls per 24 

hours in C.B.3 as a percentage of the total number of calls for 
the period I 5th ;'\fa\-, rq24, to 1sl Sep1ember, t925. 

B,elwPen poi nts B and D the impro,·ement in impulse senders 
through the introduction of double sih·er contacts is apparent. 
because the figure falls reg·ularh- from an average of 1 .4 '.'{, to r .0%. 

The pe;1ks ban· alwavs some particular cause and as such arc 
interPsting. 

These are to lw imputed either lo bean· traffic or to a iun ct i on 
breakdown, or to special circumsta

.
nces. 

. . 

The cause of the faults are giY en below; 1lw letters rd<'r to 

letters on the figure, 
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Heavy traffic at .Ascension Day. :\. 
B. 
c. 
D. 
E. 
F. 
G. 
H. 

J. 
K. 
L. 
1\l. 
:0/. 
0. 

Bcgio"ning of improvement in impulse senders. 
Fault in junction cable C.B.2-C.B.3. 
End of impro,·ement in impulse senders. 
Faull in junction cable C.B.3-C.B.5. 
IJeavy traffic in C.B+ 
Fault in cable C.B.3-C.B.2. 
I-lea vy traffic m C. B + 
Christmas. 
Heavy traffic in C.B+ 

Auto room painted. (See above under III.). 
JI ea "Y traffic before Easter. 

,, ,, , , ,\scension Day. 
,, ,, ,, \Yhitsuntide. 

P. T\HJ manual board selectors faultv. 

It is clear that in thesl� graphs abnormal occurrences are easily 
separated from the normal and tlwir influence can be predeter­
mined. Space does not allow me to go further into this . 

. \ method similar to that described for the senders was 
applied to the first group selectors in the full automatic exchange: 
!lw proportion of connections \l'hich failed due to switch faults to 
the total number of connections per rcl\\' of 10 s\\·itches for 24 hours 
\\'ere also calculated. 

The effect nf this svstcrn of control is much better than anv 
other testing scheme and the resulting figures may be useful at 
some time for other purposes. 

\Tlfl. Fault Staff. 
The fault staff has to clear as spel�clil_,. ;1s p1issililt0 tlw faults 

\\ hicli Jiaye been ach·isC'd by the comphtint onin· ;111d found faulty 
by t lw Testing Opera tor. They an" lwndled b_,. the faultsmen in 
the relatin" group. The great m ajor ity of thesp faults ;ire found 
in the ;1pparatus partic ular to the lines, chiefl_\ in till' 1m·select(}rs 

and in the final selectors. 
The sanw procedure is follcmed in the case of faults ach·ised 

h\· tlw operating tel ephonis t in tlw semi-automatic exchange, 
"·hid1 usual!_\· occur in the manual st>lectors, impulse senders, o: 
digit keys. 

Table ff giyes % faults in group C, S and B, and of the total 
T d istributed among the Yarious classes of apparatus. The figures 
for each exchange per month are fairly constant, as can be seen 
from Fig. 3, though they yary slig·htly round the ayerage. Also 
for the Yarious exchanges, the\· do not Yar_\· much from one 
another unless special reasons exist. 

For example for C.B.5 the figures for preselectors are low <IS 
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;1 result ()f tlw duubk siln'r c( )ntacts ; for the ist group selectors 

the_\· arc high !JPC<1l!S(� ther(' ;111 impulst� repeater is concerned 

\\hicli in other cases is \\anting. Frnm Ta! Jl P III \Ye sec further 

the distribution of fauli_s ;1mo11g C, S and B: 70-90% were 
found by the pat rol. TIH' high ligur(' for C faults for C.B.5 may 
lw cxpl�1incd tlirnug li tlw irnprnn'd preselcctor contacts which 
cause the gr(';Jtl'St pan uf S fa11lts in otlwr excliang·es. 

lt is eas_\· to St'l' that the full nutomatic exch:111gcs h;n·e fe\\er 
faults tl1an the semi-automatic. The cause lies in tile manual 
board selectors as appt>ars from Tabl es 11 and IV. C.B.3 suffers 
most; it is the only ("Xchange \\·here the manual board selectors 
an· prm·idecl \\·ith self interrupters. Fortunate ly they \\·ill dis­
nppear aftt>r cut-o\·Pr to the full automatic system. 

ln conclusion, Table IV shmvs the proportion of C and S 
faults in ');', for ench h·1w of S\Yit ching apparatus, likewise the 
number of faults per 100 S\YitrhPs per month , ralcul;itcd from an 
a \·t·rage mTr the tirst q months of 1<;25. The fi g urPs for the 
\·arious exr'iiangt·s t!() not ,·;1n· 11Htcli fr<1111 O!il' nnotlwr ;md nearh· 
all dn·iations lie in small diffrrt'l1Cl'S in the build of the installa­
tions. Spa<l' dews not alln\\ t1ll' to g·n deqwr intn the ljllPstion . 

IX. (;raphicnl statistics. 

The best \Yay of \ \atching the maintenanre in an automatic 
exchange is to ban' appropriate statistics; and the most easily 
understood are grnphs. Earll ir1di,·idual t•xchang·e cnn lw \Yatched 
and the n"sttlts C<l!npared \\ ith those of all the exchanges. 
Standards for the Yarious q11an1 ilies are tirst obtairwd. For un­
fonnrrahle deviations one can fine! expbnations, in order to find 
li<1\\ to prp\·ent these occu rring. 

If the de\·iations ;ire in the fo\·tntrable din ·rtion one ran 
in\TStigatf' these to �;<·e if the standard can lw improncd. 

In .\msterdam 7 graphs are kept permanent!:· of each of the 
,·arious t.qws of apparatus in the exchangP, i.e., for prese\ectors, 
1 st se\ertors, 2nd selcrtors, :'.re! sel ectors . final :-:electors, manual 
board selectors, digit ke:·s: ;mcl for a mi.sl·ellnneous gToup not 
included in the others. 

The sevPn graphs are:-

(r) c foults per r oo S\\ itches per month. 
(2) s " , .  " " 
(3) B " " " " 
(-J.) n/ of t lw lot;il nu 111 lw r of c foults. " 
(S) ,, , , s " 
(6) " " B , , 
(7) n/ of the total nurnlwr of (C I s + B) foul t s per month. ,'() 

\·or .. XIX. L r65 
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There were also dedured graphs for 

(8) the number of C faul1s per 100 lines per month. 

(9) 
" s , . ., " 

(I 0) , , B . , " " " 

The term, number of switrhes and lines means the working 
number, not the capacity. 

l n full automa! ic exchanges 3, 6, 10 do not appear. Graphs 
1, 2, 3; 4, 5, h, 7; S, 9, 10, are connected so that the total can 
rrmveniently be found. In Fig. 3 the graphs 4, 5, 6, 7, for all 
types of apparatus are shmvn for C.B.2, also 8, 9, IO are indicated 
for the years 1922-1925. It is set>n from the figures how far the 
quantities are constant, and thus can be considered as standard. 
Between Feb. 1924 and I\farch 1c)25, C.B.2 was changed from 
semi to full-automatic. The effect can be studied on the graphs. 

The fall in the number of S faults for 100 lines is noticeable. 
The lines 4 slrn\v hmv the control has worked in the previous 

month and \vhich part nf the equipment has been given special 
attention; so one sees for example from line 4 of the preselectors 
that in March, 1924, more attention has been given to these. 
The result is visible in the fall of the line 2 and the rise of l (not 
given in Fig. 3) relative 10 the preselectors and similarly through 
the falling of line <J without 8 rising appreciably. This is actually 
the case. After the more intensive control is continued for some 
time, the lines 1, 2, 8, and 9 all reach a 10\ver level, to which line 
4 also approaches, as otherwise the other apparatus would come 
too far behind. Usually the lines 4 to 7 give results for the 
equilibrium, that is to say, for a judicious distribution of the 
maintenance \\·ork on the various types of apparatus. The others 
sho\\· more the resultnnt of the activity. The falling of line 1 with 
:1 rise of line 2 nml conversely sho\\' the transfer of emphasis 
laid by the mainlt'nance stdf on various h·pes, while the same 
phenomenon appears in li rws 4 and ;). If this is not the case, 
there must be external causes for the discrepancy and these must 
he sought for. Probabh· all or at least manv of the lines r and 2 

show the same phenomenon. 
Simultaneous rise.s in lines r and 2 hnve alwavs an external 

1'ause, which lies henmcl tlw srope of the maintenance men. 
Psuall:· any sudden rise in one of the lines is followed by a fall 
nnd conwrsely. \\'ith the lwlp of graphs one is alwavs in a 
position to study the effcrt of such influences on the other 
apparatus. The data for these graphs were obtained as follows: 
Any fault or deviation is written do\\'n on a docket by the faults­
man who handles the fault. 

These dockets are collerted nn cards and once a month added 
up and put in graphiral form. On the cards the statistics are 
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given in detail, so that it is always possible to analyse further a 
poi:tion and see the relation to the three categories of faults. This 
is done as soon as the lines sho\v abnormalities. 

The faults are diYided into electrical and mechanical faults; 
these are again subdivided into the groups where they occurred 
and according to the type of fault observed. These figures are, 
ho\vever, by no means constant. 

Someti1{1es special statistics are taken over selected portions 
\vhich require investigation. Yet all these activities are secondary, 
so long as the above mentioned lines are normal. Detailed studies 
are only undertaken \vhen the graphs give cause for such. It will 
be noticed from Fig. 3 that !lw lines are fairly independent of the 
seasons and also, \\ithin definite limits, of the traffic. The last 
holds also for various exchanges as regards lines 1-7, while the 
average load per switch in the exchange is the same, which is 
always the case if the design is good. 

The lines 8 lo 10 for an exchange with heavy traffic per line 
naturally lie higher because more switches pt>r line are in use. 

In the same exchange, the number of faults is independent of 
the traffic within certain limits, so long as the normal load on the 
switches is not exceeded and thus not many calls are lost. When 
that occurs the faults rise quickly ancl as soon as the critical point 
is reached they rise so fas! that serious congestion is to be feared. 
The critical point lies somewhat higher than the capacity of that 
group of apparatus, which has the smallest capacity as compared 
\vith the traffic. 

In a we! I designed exchange the traffic capacities of the various 
groups of apparatus are about the same. The critical point in 
C.B4 lies about 23000 calls per hour. For the impulse senders 
t lw ronditions are different in some ways. The number of faults 
in tlH"se is proportional to the square of the number of connec­
tions; happily tlw rnrve of this function is very flat for normal 
loads. 

The difference as rnmpared with the switches is easy to under­
stand. The impulse senders function as long as they are in use 
and on the average always for the same period which is in­
dependent of the traffic. The switches operate, however, only at 
the beginning and the end of the connection and whenever, as a 
result of congestion, the average duration of· the connection 
becomes smaller, then the number of times that it is actually in 
arrive operation during a definite time begins to increase appre­
ciablv. 

From that moment the number of fau lts increases as the square 
of the traffic, and rises wr:· steeply in the neighbourhood of the 
critical point. 
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X. Staff. 

In the various competitivT compa r isons between systems, 

the maintenance staff has always played a significant role. One 

must here be very can�ful in judging the figures, because the 

amount of staff required d ()es not exclusi\"('.ly, nor even princ ipall y 
depend upon the system. 

There are ot her factors which have great inlluence. These can 
be described as : -

A. The traffic per line and the size of the telephone system 
in which the exchange works. 

B. The limits set to the qualitv of maintenance. 
C. Service conditions and regulations concerning work­

ing hours of staff. 
D. The installation and the building of the exchange. 
E. The system. 

"\. The greater the traffic per line so much the greater is the 
number of swit ches, and thus the greater the nurnlwr of faults for 
an exchange of the same nurnber of lines. In a great network 
\vith a lot of junction traffic the second sell'ctors forrn such a large 
group that they need special supen·ision and more maintenance. 

\Vhenever one compares a simple exchange with one of such a 
system both these factors must be remembered. 

B. \Vhen a good standard of maintenance has been reached 
in an exchange, improvement only orcurs by increasing the 
number of C faults and a reduction in the S and B faults. One 
can be satisfied \vith 70% in the first category and yet can wish for 
90%. The latter necessitates more work and therefore more staff. 

Besides this more emphasis can be put on cleanliness in the 
exchange and the demands for routine testing can br� reduced. 
The influence of this on the number of faults has alreadv bPen 
referred to in Fig. 3. 

How far must one go with maintenance? 
In the first place until a reasonable minimum has heen reached 

for the total number of fau lts C + S + B. Then one may strive 
to reduce the percentage of C faults at the cost of the S faults, so 
long as the result obtained is relatively greater than the increase 
in cost. 

\Vhenever, for example, it costs 20% more manhours to obtain 
a reduction of 1 I roth in C faults, the limit has been passed. 

There is also, however, another limit. \Vhenever the total of 
S faul ts in the exchangP has become too small, so that it has no 
marked inAuPnce upon the total number of faults in the nPtwork 
then the improvement in the proportion of C faults to S faults is 
useless, as it does not pay for itself. 

It is no matter that different ideas exist as to the grade of 
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perfection of the main tenance which influence the number of staff 

considered necessary , and which have nothing to do with the 

system as such . 
1\s an example one might mention that in "\mslerdam none of 

the exchanges is allowed ever lo be unattended, not even at night. 

This avoidance of risk may haYe great influence upon the 
number uf the personnel ; above all in connection with what is 

said below in paragraph C. 

C. This factor is one uf the most important. 
The prescribed hours of labour, rest times, Sunday and night 

\rnrk, the possibi lity uf ovt>rtime, the limits within which the work 
hours must be kept , all these facturs influence the formation of 

staff in the exchange . 
If one has several exchanges of dissimilar size in one area 

then the burdens laid upon the .staff in one exchange must not 
differ much from the burdens in any other, which leads to an 
<fferstaffing of the smaller l'xchanges. Otherwise the frequency 
uf the night and Sunday work would become too great. 

One can overcome this d isadvantage to some degree by moving 
the staff from exchange lo exchange, but this creates difficulties, 
abon� al I if 1 he exchanges a re not a 11 on tht> same system _ 

D. That the nature of the installat ion and type of exchange 
has influence upon the staff is obvious. 

To han'. many small rooms fur the plant is ob viously more 
disadvantageous than 10 ban� large rooms. If the svvitches of the 
various groups are scattered irregularly, naturally more staff is 

required than with a rational layout. 

E. The system itsplf naturally has a bearing on the case. 
\\'ear, accessibility of the parts, interchangeability , the necessary 
numlwr of switches and their form, the tools , overloading, these 
haw� all influence on tlw staff required t hough not to the extent 
onl' 111ight ordinarily assume. 

In cone 1 us ion, one should cnnsidt:'r the type and age of an 
n:chang-('. For example, consider the exchange with sequence 
S\\ itclws (minor s11 itch t_l'lw) ,,hich unduuhtedlv rt>quires mure 
rnaintl'nann� than 01w \\ithnut the continuous dri�P. and vel there 
are 'en- good reasons for keeping this type in use. One thinks 

zt!l1<>ng other th ings of the ach-antagp of similarity . 

For the sake of completeness Fig. 4 giw·s a scheme of th e 
normal staff in a fully equipped au10111alic exchange of 10,000 

suhsnibers at ,\rnsterdarn, frn111 \\"hich unc set's the distribution of 
the hours of labour. 

TherP are two groups of mechanicians, each with a foreman , 
one group of helpers, and one group of c leaners, unskilled workers. 
During the hours \vhen both groups of mechanicians are present, 
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une is working in the workshop. with the exception of the 
mechanician who is on evening duty. 

In order io even out the service staff tlw exchange is divided up 
into six groups, five of 2000 subscribers and one group of 2nd 
group selectors. For each of these there are two mechanicians 
and a helper, while tvvo extra helpers are provided for making up 
the complement of staff in the evening and at night. 

The group of cleaners consists of six men, who work \Vherever 
they are rf'quired in the exchange. The total staff consists of 22 
maintenance men and six u nskil It'd workers, as appears from 
Fig. 4. 

6 - - - ------·---- - ------�--------
7vm 
6 

5 ---- ---- -- ---------------------'"--------- 5 
* '---- - - ---------------�---------"----------I � 
J - ---------- -- J 
2 z 
1 '-----·--- ------ ---------------�- -----------! 

12 ----- 12 
11 ----------------------�--�------- ----- 11 
10 ------ - - - 10 
9 - ------ ---- -- --,---- - -- - !1 
0 ------ ------ - ·----- - 8 
7 '-- ·g--�---�--�--�---�----'--------------1 7n.m. 

3 : --1---- : . : I>-- f t--l--1---+-.l- 3 � 1·. ;-�-=:�-J�- -l-------lh-.,..------r---i--------l---l-------+--_f--4----,-,,.-----------1,,- ! 1 r1-- �F i '�J-::t±:::�:±==:::::::--:_-=� --L��-±I1T=r-1 :2 
11 1 _:;- - � =;= -fT � - � h � ��IL - ff }f-f t ff 
�'- _:--�t _-t- -���t _ --L--� --

l I I1 �-1 : 
o · �-+--�-- ---+- h H---H {-i a 
7 --.---' '-.--' ---....-- ,__,___, '-.--' '-._,.-.' 7 v. m. 

Or. I fir. Z 6r.J Or. 4 6r. 5 Jl. 6.5 A · B 
Mechanicians 

Assistants. 
_....,_ Foremen. 
------ Cleaners. 

FIG. 4.-NoR�IAJ. STAFF IN 10,000 LINE AuTOM.\TIC ExnrANGE. 

One must look at this scheme in the light of what has gone 
before, and not consider it as the only one, or as the best for the 
normal case. It has been eYolved for the specific Amsterdam case 
and requirements. Apart from and alongside of the maintenance 
staff of the exchange, there is a group of erectors. These are used 
for the installation of rnodificati(;ns, small extensions, large repairs 
and if necessary are available for assistance of the exchange staff 
in the case of long sicknesses and similar absences of several 
maintenance men. Service in this group is at the present time the 
practical opening for new staff. 
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Ite m. 

1. Number 1st Pr e- ! 
selectors 

2. Nu mber-2nd Prc­
selector5 

3. 1st Group Selec­
tors 

4.- 2nd-Group Selec�­
tors. 

Trunl,: 
Junct ion 

Total 
0. No. of 3r<lGrcn.ip-

Selectors 
6. -Final-sefector-S.:-:-
7 · Total Sw i tch es ... 
8. No ... of lines, 

1 Sept., 1925. 
Normal 

P.B.X. 

TABLE I. 

VARIOUS FIGURES. 

C.B.2. C.B.3. 

8,ooo 1 

1 ,000 800 

600 560 

340 350 ! 
J6o +oo 

700 
I,000 

-- '±,_0_0() _ _ 

__ (�_: 

_ 56_0_ 
I, I 20 

I 1,790 

h. 3,0,14 
V, 2, IJO 

C.B+ 

10,000 

1,000 

.i·o .:i 
600 

900 
1.400 

1 �.os_o 

h. 7,210 

C.B.5. C.B.6. Total. 

+ooo 

120 
240 

_J6() 

280 

v. 3, 12 1 
I 

v. 

1 ,ooo 33.000 

l 00 ___J. J_()O_ 

60 2,160 

100 

80 
120 

1_,j60 

2�5,20 
+._os_() 

+7.990 

v. 73 v. 93 h. 32 1 v. 5+ v. 57 759 

25+ 
h. 11 l 

Incoming only v. 26 v. +' h. 233 v. 1 6 v. 18 445 

152 
h. +7 

Outgoing only v. II v. 18 h. 85 v. 12 

Total 
9. Max. hourly calls 

Jan., 1925. 

(Peak load) 
10. A,:erage--hourly 

c a lls, 
Jan., 1925. 

II. Yearofope11ing(1) 
(2) 

65 
8493 5,635 

io,749 

ll)I I 
1')19 

-
-
h.-9�83b 

! v. 3,480 

__ 13_,_JI(i_ 

7,849_ 3,205
_ 

h. halfautom - semi-automatic. 

v. = volautom = full automatic. 

403 25,583 

726 I .=;0.621 
July '25 

1------

6!I 
I 

45,868 
July '25, 

"J2.'i 
I 
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Tf'.1lE S,\\'Ji'\(; TESTl:RS FOR .\l TO:\L\TlC EXCHANGES. 

TIME SAVING 
FOR AUTOMATIC 

TESTERS 
EXCHANGES. 

By \V. PRICKETT and H. S. SMITH. 

Engmeer-in-Chief's Office. 

THE intruJuction of Je,·ices which effect labour saving to the 
extent of over 80'/6 is n:garJeJ in the commercial world as a 
considerable gain, but tlw den·lupment by the Department of 
automatic methods uf testing, as compareJ with manual methods, 
shO\ved that this figure could be increased to over 90%. 

Experience has proved that the former figure was easily reached 
by using tester "A " (described in the last issue of the Journal) 
fur l ine switch tests in automatic exchanges. Tester " A," how­
e\·er, although testing ltutumatically each outlet from a lineswitch, 
required the attention of a testing officer in order to make connec­
tion in turn to each uf the subscriber's equipments to be tested. 
Tester I\ o. 56, now tu be described, obYiates this necessity and 
makes the transfer automatically to the next line when the tests on 
the previous one have been satisfactorily completed. This process 
applies tu the whole of the lines available on the multiple on a 

subscriber's unit, i.e., 100. The testing offioer's attention is 
required only fur the commencement uf the tests on the first line 
and fur the removal uf the tester to the next unit when the last line 
has been tested. He is thus able to proceed with other duties and 
need only attend to the tester in the event of its stoppage indicating 
a fault. The actual time occupied by the tester, in completing the 
5000 tests required on a unit equipped with wo line switches, is 
50 minutes. 

Tester No. 56.-For Testing Line Switches (non-homing) type) 
and associated Outlets to Selectors. 

Tester No. 56 consists uf two parts-the testing apparatus itself 
and a special selector. The latter is mounetd as required on a 
spare bank on the mu ltiple side of a subscriber's unit and is used 
to make connection to each subscriber's line in turn. The testing 
apparatus includes t\\O preselectors, one of which acts in a similar 
manner to that in Tester " ,.\." The other is used to make the 
appropriate connections to the line connected by the special 
selector. 

lt is required to wrify that the \\iring and operation of the 
subscriber's line S\\·itclws and associated outlets to selectors an� 
in order. The tester, the connections of \\hich are shown in the� 
diagram, is designed tu test each out let twice in order to use 
each end of the double \\ipers with \Yhich the line switches are 
equipped. 
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Before curnnwncing the tl'st it should be verified that all 
l'quipped line s\\"itches are cunrwcted by means of straight jumpers 
tu currespunding numbers un the multiple. 

To commence the test, the special selector is. mounted on a 

spaH' inultiple bank and its '' ipers set tu the normal position, 

"·hich is special tu this S \\ itch , on contacts r of level 1. The 
selector is connected to the tester by means of a test plug, and 
battery and earth arc supplied i•ia the usual contacts on the switch 
jack. The twenty-ftye clips pruYided for the purpose are con­
neckd, in urder , tu the P \\'irt·s of the outlets un the terminal 
assernhh on tlw line switch side uf the unit. 

, 0, PR£SE:.LECTOR I "'r'c 

-\)::"� 
�:1�- <'-CO!'?D 

' 

CONNECTIONS OF TESTER No. 56. 

Battery and earth for the tester are obtained via a cord and 
plug and the unit power jack . 

All line S\\"itches and the tester preselectors should now be set 
to contacts r. 

Keys 2, 3 and 1 are tlwn thrcmn in this order. 
The effect of key 1 is tu step on preselector 2 to contact 2. 

The circuit is from batten i•ia D'.\b, interrupter springs, w iper 1 

contact 1 of arc r, key 1 op., C1 nor and Dr nor to earth. 
Key 2 connects relays C and D 'Via contacts 2 of arcs 3 and 2 

tu the ·\· and - lines in order tu prm·idc a tt>st for faulty operation 
or failure of the line switch cut-off re lay (BCO). The latter 
'.-lhould be operated vio contacts 1 and 2 and wiper 4 of pre­
selector 2. If the BCO rda y has operated correct! y, the + and -
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li1ws \\ill nu\\ ill' clear and relays C and U should nut uperate, 
thus allu\\ing preselectur 2 tu s tep to cunlacts 3 as before. If, 
hm\ ever, either the line relay ur earth has not been disconnected 
hy the cut-uff relay, relay C ur J) up erates and prevents rotation 
from contacts 2. 

H. elay s "\ and B are cunlll'.Cled li y key 3 to contacts 3 of arcs 
3 and 2, and when p rese kctur 2 reaches these contacts are extended 
by '' ipers 3 and 2 tu the line circuit. The BCO relay is released 
when \\iper 4 fl'aches con tact 3 and allows the line relay and 
earth tu be re stored tu the line circui1. If there be no reversal in 
the lines, relays .\ and B and the line relay no\\· operate. The 
line relay should cause the line S\\ itch lo seize the first outlet and 
extend the line circuit tu the selector connected thereon, relays A 
and B in the latter being operated, causing a guardin g earth to 
be placed on th e private wire. 

The operation uf relays ,\ and B connected battery via a 150 
ohm resistance at c\ 1 op. and Br op. to relay E. Relay E 
o perates 71ia \\ iper 2 and contact 1, arc 2 of preselector 1 tu the 
earth on the out let P \Vire. "\s, however, relay E is slow tu 
operate, time is allcrn·ed ( 1 ) to Pnsure that the operation of relays 
.-\ and B is maintained h:· the Sl' icctor A rela_v being connected, 
\\itlwut reY ersal, 71i11 th e ()Ulll't and (2) for t he line switch line relay 
lo rell,ase, ensur i ng !hat thl' earth o n ihe private is that supplied 
l)\· the selector. 

Rt,la_\- E, urwr:tting, pro\ ·id t>s a li1ilding circuit for itsel f at 
E3 op. and disco 11 1wct s rt' la_\ s ,\ :tnd B at EI op . and E2 up. iu 
release tlw selector and caus<' the holding earth to be remoYed 
from the priYate. It also energisl's D:i\J 1 at E4 op. 

Prm·ided that the linl' S\\itch line rl'h1y is not sticking, so 
maintaining the earlh 011 the P \Vire, relay E should in elm� cuurs<� 
release and, disconner-ting· 1nr1 at E-t nor., causes p resel ect or r 

to step on to contacts 2, in \Yhich posit ion wipt>r 3 b usies the P 
\\ire of out let 1 agai nst further use. 

Thi' tests are nmY repeated on the line S\\ itch, but as outlet 
is bus.\·, the wipers should he rotnted to outlet 2, \rhich should b� 
seized. . \s rela\ f� is nm\· connected to the P \\ire of this uutlet 
"<.1iu contact 2 of :ire 2, the seqtwnce uf operations should he 
repeat<�cl and if the outlet he O.K., it will in turn be busit>d and 
th<, test transferred to outl et 3. 

This process is repeated until each ot1tlct has been tested 
twice, i.e., \\·ith each end of the double wipers. 

\\'hen the fiftieth test is being made, rt>la\· F is connl�cted via 
contact 2.s of arc r and, on the op eration of relav E, receives 
sufticit>nt currPnt to opt>rate. 

. 

Relay F steps-on presdectors 1 and 2 ·via Fr op. and F2 op. 
and the special selector via F3 op. 
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The latter now makes connection to the second line switch to 
be tested and the SN[uencf' of operations is repeated. 

This process c ontinues until the tests han'. been completed on 
tlw tenth li1w, ,vhen die Fnsuing rutary step of the special selector 
opnatl'S the cam springs Sr, e rwrgising the vertical magnet via 
R 1 op. 'J'his causes the selector to step up to level 2 and then, 
on the rt'.le;1st' of the rotary magnet, spr ings R I return to normal 
and the relPase magnet receives an impulse and releases the rotary 
dng, \\hich allrms tll f' wipers to rotate back to contacts r. Con­
nection is no\\ made to l ine 2r and the tests proceed as before. 

This action is repeated on each level of the subscriber's 
multiple until the \\·hole of the line switches equipped on the unit 

han· been tested, \\·hen the tester comes to rPst with the \\·ipers of 
the s1wcial S\\'itch abow the bank. 

Thr special selector and tester connect ions are then t ransferred 
to tllt' next unit to lw tested and so on th rough out the Fxchange. 

T 11 cnscs \\·here units are not compll·tely equipped with line 

S\\·itclw:;, !lte kstcr \\ill :stop \Vhen an unequipped l ine is Pn­
crn1ntered and the special selector is stepp ed on by hand to the 
next equ ipped line. 

:\ttcntion is drmrn to faulty lines by the tester ceasing to work 
and an indicating· lamp glows to provide a rough indication of the 
nature of the fault. Thus, faulty operation of the cut-off relay 
causes a red lamp to glmY, \Yhile trouble on the + or - lines is 
indicated hy whitr lamps, and failure nn the outlet by another 
n•d lamp. The application of th ese lamp signals is similar to 
th at indicated in the schedule giwn at thr conclusion of the 
pre,·ious article on TPster "A." 
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-l 
x, TELEGRAPH AND TELEPHONE PLANT IN THE UNITED KINGDOM. 

TELEPHO:'-JES A:ND WIRE MILEAGES, THE PROPERTY OF AND J\L\INT[\INED BY 

TIIE POST OFFICE, IN EACH EI\'GINEERING DISTRICT AS AT :.\IARCl! 31sT, 1926. 

No. of 
Telephones 
o\Yned and 
rnaintaine<l 

bv the 
l'usi Oflice. 

-1S5,927 
�g,221 
63,o93 
-19,381 
81,855 
59,919 
5.\,042 
85,143 

133,440 
79,963 
53,848 
40,836 
i8.8oo 
:;5,579 
7<>,337 

l .3qG,384 

l .36:;.643 

Telegraph. 

582 
1,907 
4,463 
8,585 
8,-148 
4,912 
5,015 
8,010 
1,608 
6,009 
3,650 
2,367 
.;,808 
:;,413 
7.451 

7 j ,228 

73.093 

Owrhead Wire Mileages. 

Trunk. 

4,171 
201�)Ib 
2b,775 
31,546 
41,98b 
26,917 
28,405 
24,555 
17,031 
30>423 
2-1,235 
l5,758 
6,214 

23,077 
23,729 

3-15,738 

:141,118 

Exchange. 

54,-169 
58,812 
47,063 
43,483 
52 ,798 
,:;9, 166 
-16,276 
44,627 
45, I I I 

42,6Go 
.16,074 
24._i21 
I 1,950 
33,808 
40,247 

l1.;o,SG5 

fi.p ,05g 

Spare. 

490 
l,b46 
1,91.; 
5,014 
3,455 
4,127 
2,206 
5,271 
3,071 
2,973 
2,452 
2, 134 

262 
1,169 

849 

3 7 ,033 

J5,885 

Engineering 
District. 

London 
S. East 
S. West 
Eastern 
N. Mid. 
S. Mid. 

S. \Vales 
"I. \Vales 
S. Lanes. 
"i". East 
N. West 

)forth 
Ireland N. 
Scot. East 

Scot. \Vest 

Totals. 

Figures on 
31�t D('c., 

]()2 5. 

T,.!t,graph. 

23d53 
3,793 

lj,802 
12,868 

20,404 
12,384 

5,274 
12,318 
12,527 

q,391 
8,301 
.;. 167 

140 
2,635 

12,264 

153,62 l 

14'),2')0 

Underground Wire Mileages. 

Trunk. 

55,572 
24,230 

6,553 
27, l/6 
38,081 
l/,}58 
20,408 
3- 81 l "' 
69,01 l 
35,31 I 

30,856 
9,389 

233 
8,055 

22,3 15 

400,959-

384,434 

Exchange. 

1,658, 1()() 
107,717 

96,553 
58,837 

148,li23 
l l4o.)/4 

86,55Ii 
171,337 
363,842 
178,669 
106,953 

73,019 
31,241 

102,731 

I 
190,727 

1--

3,489,485 

3,386,045 

Spare. 

55,883 
17,006 
28,348 
52, 139 

I I0,907 
83,-132 
69,492 
48,929 
37,9<)5 
29,479 
32,094 
46,907 

16 
37,518 
26,831 

676,976 

615,02() 
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TYPE OF MOUNTING FOR 
TRUNK, JUNCTION 

A NEW 
THE 

FUSE 
TERMINATION OF 

AND TELEGRAPH CIRCUITS. 

A. 0. GIBBON, M.l.E.E. 

A HIGH standard of insulation resistance is required by the 
British Post Office in connection with all underground cables 
used for telephone and telegraph purposes, and this is particularly 
the case where loaded and balanced Trunk cables are concerned. 
Great difficulty has been experienced in the past in obtaining the 
same degree of insulation resistance at the terminations of these 
cables at l\Iain Distribution Frames, and also at testing points. 

In the case of loaded and balanced Trunk cablt>s it has bef'n the 
practice to terminate the cables on an auxiliary testing fitting 
knmrn as a "Trunk Testing Tablf't." This fitting is made of 
" .-\" quality ebonitl', and is of the '' (;" Link pattern, accom­
modating r8 circuits pPr tablet. The Test Tablet provides for a 

high standard of insulation, and also affords a ready means for the 
interception of circuits for testing and cross-connpcting purposes. 
There are, however, certain clisad\·antagrs nssociated \Yith the 
Test Tablet. It requires a special frame for mounting purposes 
Z<ncl the complete installation takes up a fair amount of space; thr 
Test Tablet is also rxposrd to the air , and loss of insulation 
follows because of the prcspnce of moisturr and also the accum u ­

lzition of dust on the fitting. 
For the termination of Trunk cabl f's which are not loacl�d and 

balanced, also in terminating Junction cables, a fitting known as 
" Fuse l\Iounting No. 4oor " has been used. This fitting has a 
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,\ :\I•:\\· TYIT OF l·Tsl·: MOUNTING. 

Slw1:1 Iron li:1S(', ;1nd is li:-;:(·d 11 1 1111· \lain Distribution Frame. lt 
s11ffers from 1 lw same disa<h·;i11t;1g(· as i lw Trunk Tt>st "Ltlikt in 
1'1;11 ii is ('\:jl(}S1·cl t•> 1lw air, \\·liilst, in :1ddi1i1111, Jilt' -1-rn>1 ti11ing 
d11('S n111 p rc 1 \ ·id1· f;1cili1i1"s for till' pni(}di1·;1I r 1 > \ 1li1w \('Sling llf 
1 ;rn1its f r11111 1he .\lain Frame. 

The design of ;i c11111p:1cl ter111in;i1ing arr;ingenwnt \Yhich \\ill 
prcAidl" for ;1 l1;g·li s1a1Hl;1rd of insl!btinn resistance lias hef"n 
1111drr i11\·1·sti.�:llion f11r s01111" 1i111<' :rnd, afl!"r :1 snies of ("\:IWri­
nwnts \Yilh differl·111 11wd1·ls. 1lw St:intbrd T1·l1vlinncs and (';tlil1·s. 
Ltd . . h:1\r rerl'n1l1· p;1t1·1111·d :1 sperial F11s1· .\'l1111nling on th!· 

"Crid-Gat<"'" prin«ipk. This mo11111ing li;1s IH·1·11 tlt-sig·1wd \\·ii!1 
the follo\\ing olijccls in ,.,l'\\ :-

r8o 

( 1) To prm·id1· ;1 high d(·grt'« 11f insl!hti1111 n·sistann· com­

p;1r:tlik \\·i1h th;il of th1- cable 1lsdf. 
(2) To pro,·id1· ;1 1«-:1d1 111c;111s of t1·sti11g :111d crnss-cnnnect­

ing c i n- l ! it s, hot Ii on iii<' li1w ;111d l·::-;:1·liang(' sides of 
cable. 



A NE\\' TYPE OF l·TSE \IOllNTING. 

(3) To protrcl the filling from insulation losses clue to 
moisture and dusl, and also lo prevent mechanical 
lllJUry. 

The new fitting i known as " ruse i\Iounting No. 4028." It 
i� of approximately the same dimrnsions as Fuse i\founting No. 
4oor, with which it is intPrchangeable on i\fain Distri bution 

Fie. 2.-FusE usEn ON Fu. ll i\louNTJNG No. 4028. 

17rames. The mounting accommodates 20 pairs of ,,·ires on the 
line and apparatus sides and is a compact fi1ting. Tests for 
insulation resistance have yielded result·s in the reaion of 30,000 

meaoh ms between adjacent tags. 

F1<:, 3.--l.-1w-.:T ('1.osEn \'1E\\' OF ,\lllD;TJ-.:c:. S110\\'N I lo111zoNTA1.1.v. 

Tile 111ounting is nwd<' up in till' form of a douhil' hinged gate·: 
Fig . I slrn\\·s the fitting· in the open position. 

'(\yo ,·rrtical \\oodcn fonning . trips rn;1rkl'cl " a "  in Fig. 1 
arP fixed to ihe bas1' of tlw mnuriting·. lkt,,·er'n these stri ps and 
hinged to the 11 1 is :1 1 1 wta l platl', or lu�·. which is shaped and bored 
for fixing to the :\lain Fr:inw. Tl1is is slHl\rn cil'arly in Fig. 5. 
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'\I\\ 1\1' 1. <ll l s1: \l()l '\TI'\(;, 

. \ grid ()r g·;1tt· ('(>11sis1i11,g <>f f<>ttr \Crtit·;tl t•l)(lnitl' strips ts 

;1tt;1t· lwd t(> t';ll'lt (>I t!tt· f;in11ing· str ips , ;1s s l tt1\\ n in Fig. 1. (T\\·v 
<>I t!Jt·st· strips ;rn· 111;11·kt"l " /J " in Fig·. I). Fttsl'-lllild1· rs ;1re 
t·h1lllpt'(l t<> 1!1t· t>utsidt· t>f till' t'i>()nitt· strips, and till' sold1·ring 
t;1gs ;1rt· t't»1ti111wd t<> tht· insid1· ()f till' littin ;.; , \\line all tlil' \\ iring 
is dt1n1-. Tl1t· f11s1· lt():dns ;llld 1;1gs ;in· slt<l\\· n ;11 "c" in Fig. 1. 

l\.11ift·-i>l;1d1· f11s1·s ;1n· li:-;t·d It> till' t>t 1ts id1· ()f the fitting. 

It \\ il l tltus lw st · t·n fr<>lll Fig. I 1k1t ;11! 1lw \\ iring c1 1nn1· c tiuns 
;m· 111;1d1· in-:idt · tlw litt1ng, ;111d ;iii 11·s1 ing· 1 •p1·r;1ti1 1ns c;irril'(I 11111 
fr11111 1'11· <1utsid1-. 

E;1t·lt (lf 1lt1· L1nning strips is li(>rl'd ,,i1!1 40 lt()l1·s, 20 lt ol1·s for 
1111· c;ilil1· p:11rs, ;111d 211 l"r tilt' ''iring (lfl till' ;1pp;1r;1tu s sid ('. Th�· 
t\\t> \'(Tti(-;tl strips (>f t:i.g.-. ()Jl (·;wl1 sit!t· 1w;1r(·s1 111 tlw f:tnning strip 
;1n· us(·d f()r t(-rmi n:11 i!1.g t lit· (·;1lilt· ('(11Hl1wt(>rs (S1T " d," Fig. I), 
tit(· (>\1tsid1· l\\'<> \1Tti(-:tl strips (if t;1gs !wing· 11s('(I f(1r titl' \\ iring· t>ll 
till' ;1ppar;1t11s si1il-. Tlti-: i.-; slt1>\\ n :it " 1' ''in Fig. I. 

Tlw lrnl1·s :idj ;in·nt t( • t 111· \ nt i(·;1 I ('i>(111i11· strip-; (>ll 1·;ll'li sicL� 
;1rt· \IS('(! f()r 1!11· (';1 lilt· ('(>1Hl11n11r,,, tlw .\ ;111d I� \\ irt·s f1.Jl11\\ing· 
('(1nst>(·111in·h· frnt11 t(>Jl t() lrntt<>lll. S1·t· "_f," Fig·. 1. Thl' t\\·1i 
r( )\\ S (>f IH>l1·s 1w;rn·.-.1 1111· 111t·t;1] p l : 11 1-, ill't\\1•1·11 tlw f\\'() fanning 
strips, ;1rl' 11s1·d for 1!11· ;1pp;1r:it11s ,,·iring in till' sanw nins1·1·utin · 

order. Tit is is slH>\\ n ;11 .. g" in Fig. 1. Ji, this ;1rr;111g«·1111·nt 
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.\ '\F\\" TYl'I·: OF ITS!-: \l()l '\Tl:\G. 

any crossing of th!' \\·in·s i11sid1· till' litting is aYoidl'J, and each 
side of the m()unting Sf'l"\TS 10 1·irn1its h()th on till� line :111d 
appara t us sides. 

_\ SJll'cial '·'·1w ()f k11ifr-bl:td1· fuse has been desig1wd for use 

\\ith tl1t· lit ting, and tlws1· an· c1rri1·d by means qf th1· fuse holders 
rdn1Td t() :dl< 1 \T .  The fus1·s an· arrang·\·d in alt1·rnatl' positions 
on till' <'i>llnit1· strips, s11 that a sp:win g, n·ntre tu centre, of 11/1(/' 
is obtaitwd, \\hilst at ilw saml' tinw k1·!'ping thl' mounting in ;1 

111mpact span» Tlw fuse consists llf an ;islwstos C()\"l'rl'd wire, set 
in a sl11ttl'd stri p of tibn., .\t 1·ach end, tlll' fuse \Yire is connected 

I 

-

l 
I 

by a snt'\\ I() ;1 lbl 1innnl 1·11pp1·r sl1·1·,·1., 1\l1ich is knift--sh:qwJ for 
insnti()n in 1lw fus1· hllld1·r. I h·u1ils 1•f till' fuse an· sho\Yn in 
Fig. 2. 

Tlw spn·ad of till' 1ll1>11n1!11g· in its op1·n g:1t1· p()Sllll>n is lilllitt·d, 
Ill :1u>id any possiliilit\· of fP ttling· \\illi :1dj:1n·nt !itting·s and St> 
mak ing 111etalli1' Cll111;1!'1 d1rough till' fUSt' lwldl'rS . .  \ furtlll'r saft•­
guard in this rl'Sjl•'t"I is prt>\·idnl In· 1111·;1ns llf four d)()nit1• stops. 
This is shmrn at "Ii " in Fig. I. 

Fas1c·1wrs :ire prm·iclt-d :11 till· 10p and bott om llf th1· mounting 
to nwintain ilw clos1·d posit ion lll'f()n' li:-;ing tlw dust proof t'OYer. 



Fig . 3 sho\\·s a front closed \·iew of the mounting; Fig. 4 a side 
closed Yiew; Fig. 5 ;1 back \·ie\\', \\'ith the plate for connecting to 
the ]\Jain Distribution Frame, whilst the mounting enclosed in its 
dust proof metal cm·er is shown in Fig . 6. 

fIG. 6.-Mou, TING IN DUST PROOF i\IETAL CASE. SHOWN HORIZONTALLY. 

The new type of fuse mounting will be fitted in place of the 
Trunk Test Tablet in all future cases and will effect savings in tlte 

ost of terminating loaded and balanced cables; space will also be 
saved in Exchange Test R ooms. 

The new mounting- wil I also be> used <it Telephone Exchanges 
\\·here unloaded, non-balanced Trunk c<ibles, J unction cables and 
Telegraph cables arc lerminaled. 



THI·: l'.\SSING OF HL.\CKFRl.\RS POWER ST.\TION. 

THE PASSING OF BLACKFRIARS POWER 

STATION. 

P1wvis10N was made in the ,\cl authorising the construction 
of the Post Office (London) Raih\'a)' that tenders should be invited 
for the electric power required for its operation. 1\s the n.ailway 
load by itself is not of a very fanrnrable nature it was decided to 
invite tenders for the whole of the supply required for the P .0. 

I leadquarter buildings-formerly supplied from Blackfriars 
L)ower Station-plus the estimated requirenwnts for the Railway, 
and itwitations "·ere accordingl_1· sent to all the authorised lJ nder-

takers in the districts through \l·hich the Railway passes. The 
ultimate requirements ll'ere gi1-en as io,600,000 units per annum 
with a maximum load of 3,900 kilowatts. L\:ecn competition tu 
secure the load ensued and e1·entually the joint tender of the City 
uf London Electric Lighting Co. and the Cliaring Cross Electric 
Supply Co. \\'as accepted and �tn �1g-re<.·nwnt for a term of 25 years 
negotiated. The aareement prm·ides for a \'ariation in the price 
of pcmer depending on the cost of coal or other fuel, and also for 
extra payments if a fixed maximum demnnd is excee led during 
certain hours in the winter months; the batteries in the P.O. 

sub-stntions will be used to reduce this as far as possible. Pay-
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TlJI·: P.\SSl�c; OF l>l..\C1'FRl.\RS PO\\'ER ST.\TION. 

menl is made per kilo-,·olt ampere-hour, thus protecting the supply 
companies against the !Jost Office using current al a low power 
factor. 

Under the terms of the agreement the Post Of'lice p
-
rO\·ided the 

Companies "·ith a sub-station in King Edward Building 13ase­
menl, adjoining the existing Post Office sub-station. In this 
sub-station the Companies installed t "·o banks of transformers 
"·ith the necess;-iry E.11.T. s"·itchgear, each ba·nk being capable 
of dealing with 3,750 kilO\Yatts and supplie<l with independent 
mains direct from r\ldersgate sub-station of the City of London 
Compan_,. and Ludgate sub-station of the Charing Cross Com-

Ftc. 2.-Ct.OSE UP \'1E\\' OF [.H.T. SWITCHGEAR. 

pan_1·. The supply is brought in at 10,600 YOlts 3-phase 50 
periods and trasformed dmrn to 6,600 ,-oils, which is the Post 
Office E.11.T. YO!tage. and is metered �ii this latter ,-oltage. :.\ 

general Yie"· of the Companies' sub-st<ition is gi,·en in Fig. I, 

and a close up ,-iew of the E.Tl.T. s\\·itchgear in Fig. 2. Direct 
telephone communicatinn is prm·ided bet\\·een the Companies' 
sub-st;-ition and the generating stations ;-it lfankside <ind Bo\\·, 
respectiYel_1·, and :ilso the Post Of'fice sub-st<itions. 

The suppl_1· at (1,600 Yolts is led to lhe Post Office sub-station, 
in \\·hich <iddiliona! l�.[T.T. S\YitchgPar has been installed to 
recei,·e it; this "·as supplied b_,. :\[essrs. Ferguson, Pail in & Co. 
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THE P.\S IN(; OF BL.\CKFRl.\RS POWER ST.\TIO 

A Yiew of this S\\"itchgear is gi,·en in Fig. 3, and of the metering 
panels in Fig. 4. 

The Post Office distribu1 ion system consists of sub-stations at 
G.P.O. (\\Test), Mount Pleasanl, J\.ing l�d,rnrd Building and 
G.P.O. (South) ; in addition there are t \\·o sub-stations on the 
Hailway, at \Vestern Parcel Office and Li,·erpool Street. G.P.O. 
(\\"est) and :\lount Pleasant suppl_,. direct current onl_v and are 
equipped \\'ith rotar_v com·erting plant \\'ith a large battery of 
accumulators in each case; l\.ing Ed\\ard lh1ilding and G.P.O. 
( outh) are equipped \\·ith static transformers and supply alter­
·nating current onlv. On a failure of. uppl�· occurring, the D.C. 

FrG. 3.-.\oon10:<.\L E.11.T. S\\'ITClll;E.\R IN I .0. Sus-STATION. 

supply at GY.O (\\"e t) and :\1 Iount Pleasant is maintained from 
the accumulators, and at the same time the rotary con,·erting 
plant is re,·ersed, supplying back .\.C. to I\. ing Echrnrcl Building 
and C.P .0 (South), as has been clone in the past \\·hen 13\ack­

friars \\'as operating. The batteries are capable of maintainini.; 
this supply fur about 1 hour at full lighting load, the main po"·er 
load, such as the pneumatic plant and Eaih,a_1· being auto-
111;11icall_1· tripped: in ;1ddi1ion enwro·ency s1e;1111 plant to the 
n'1enl of .+<><> kiki"·;1t1s is insu11\ed at \lount l")kasant. The 

<.."0111p;1nics stipulated tlwt undn n<> conditions must tlH·ir l \\o 
supplil's he joined in p;ir ;ill('l; 1lw suppl,· is thl'n·forc tak!'n from 

. 
. 
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each Company during alternate months, except in the event of a 

failure, '"hen the supply is changed o,·er as may be required. 
The change-o,·er is effected by taking the incoming supply to 

.\lount Pleasant on a spare feeder; it is then synchronised on the 
E.fJ.T. side \\'ith the rotary plant, which is runninO' reversed off 
the battery. 

The change of suppJ_,. i1wolved considerable alterations to 
the existing s\\·itchgear and cable system; the first was carried 
out b_,. the l)ritish Thomson-Houston Co. and the latter by 
.\fessrs. \\'. T. GloYer & CcJ., additional switchgear was installed 
at G.P . 0 .  (South) by ".\[essrs. Re.nolle &: Co., and an additional 

feeder to l\lount PJc;1sant by the British Insulated & Helsby Co., 
in each case to the Department's specifications. 

The supply \\'as first given by the Companies on February 9th, 
192(J, l�lackfriars PO\\l'r Station being held in reserve for a fort­
night uni ii the new arrangements were proYed satisfactory; no 
hitch occurred in the changeO\·er, and the "·hole supply has been 
taken from the Companies since the aboYe elate. 

ll is interesting to recall that Blackfriars Power Station was 
started up in the autumn f 1910 and has operated uninterruptedly 
since with only a few minor failures. At the time of the opening 
of the station it was larger than many public supply stations, and 
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during the whole of its life has compared very favourably with 
stations of similar size both as regards output and economy of 
operation. Owing to the enormous gTo\\·th in modern t>lectric 
supply stations, Blarkfriars became comparatin�ly a very small 
station and, naturall_\·, was unable to compdc in uperating costs 
with stations of 40 or 50 times its capacity equipped with large 
modern generating units. The station h;1s justified its erection, 
both from the point of view of economy and security of supply 
during its life of 15� years, including t\w \\"Cir period and the 
troublous times that han'. followed it; \\ithmll it there is no doubt 
that the Supply Companies would never ban' offered such favour­
able terms as have now been obtained. 

It will be seen from the above description that, while Black­
friars Power Station has now been closed cknvn, an extensive and 
very important distribution system including six substations 
remains to be operated by the P . 0 . Engineers. 

E.II.W. 

THE TRAINING OF OFFICERS OF THE BRITISH 

POST OFFICE ENGINEERING DEPARTMENT IN 

PRECISION TESTING OF UNDERGROUND CABLES. 

By A. B. :\Iomrn, B.Sc. (Eng.), A.:\l. I.E.E. and 
A. MuRRIS, "°\.R.C.S., A.;\l.l.E.E. 

FoR a number of years, courses of instruction in prec1s10n 
testing of underground cables have been held, from time tu time, 
in the Research Section of the Engineer-in-Chief's OHice. These 
courses were commenced in r920 in order to provide special 
training for suitable Engineering Ofiicers so that the efficient 
maintenance of the underground telephone cable system of the 
lJ nited Kingdom could be successful! y carried out. 

The reasons which led up to the decision to use air-space, 
paper-insulated, lead-covered, underground cables for the long­
distance telephone system of the C nited Kingdom are detailed 
Yery fully in a paper read before the Institution of Electrical 
Engineers''. In Fig. 14 of that paper there is shown the pro­
posed system of underground cables then in cuurse of construction. 
A.t first the special maintC'nancc testing uf these cables was carried 
out by Research Officers, but as the scheme progressed it was 
recognised by the Lines and Telegraph Sections of the Engineer­
in-Chief's Office that an adequate staff of trained Officers in the 

* Sir William Noble: ''The Long-Distance Telephone System of the Unittd 
Kingdom," Journal, I.E.E., April, 1921, Vol. 59, p. 389. 
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Districts was necessary in order to undertake the rnai ntenance 
of the extending net\\ ·ork of cables. This need has been met, as 
occasion demanded, by the special courses of instruction about Lo 
be described. 

Up to the presem about 160 Officers, selected from all the 
Engineering Districts, ha,·e allcnded courses of training at the 
Research Section and consequently there exists in each District :1 

number of Officers specially trained to deal ,,·ith the testing and 
maintenance of underground cab kc. 

The subjects dealt "ith in these courses ma,· be broadh, 

described under the follcm·ing l\rn headings:-

I92-f·.) C1..1ss. :\lrL .\IORICE IS TllE SIXTH FIGUHE FROM TllE LEFT IN TIIE FIWNT 

!WI\" illll. i\loirnIS TllE �E\'ENTII. 

(A) Maintenance tests and localisation of faults. 
(13) lfalancing and acceptance tests. 

Originally, separate classes "·ere arranged in each of these 
subjects, but in the i<tst t\\·o classes held, ,·iz., those in :\o,·ernber, 
192-f, to February, 1925, and in :\o\'ernbcr, 1925, to February, 
1926, both subjects \\·ere dealt "·ith during one period of instruc­

tion. H_v means of ;1 series of lectures, practical \\·ork in the 
laboralory, and tests of cables during- and after completion, it has 
been 1lw endcm·our to g·i\'(:' a romplete course of instruction i1·. 
1 he l<t test and most prerisc mel hods of testing- 111odcrn ba la need 
and loaded cables or high insulation rcsist:1ncc. 

The two photogr;1 phs shm\' the mem hers of the classes j u:.;I 
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referred lo, and a detailed description now follows of the courses 
of instruction gi\'en to them. 

(.\) Jlai11lena11ce 'fcsls and Lucalisalion of Fan/ls. 

The most i rn portan l maintenance tests for a paper-i nsu la led, 
underground cable are, undoubtedly , insulation resistance tests. 
J f this resist<tnl·e remains al a satisfactory figure, it can then be 
concluded that the dielectric is cir�· throughout the cable length 
and also that most probabl_1· the lead sheath of the cable is in a 
perfecll _I' sou ncl rnncl i lion. 

The minimum insulation resistance specified for the. e cables 
during construct ion 1s 10,000 megohms per mile per single wire, 

"·hen tested against all other wires in the cable earthed. lt is 
1·en' necessary to maintain th is figure and it "·ill therefore be 
appreciated 1hat lirst-class maintenance test i ng is required . 

It is of great importance tlw1 the regular maintemrn e test s 
should detect an insulation fault in its ca rl.1· or incip ient stage and 
1 hal suitable localisation tests should be nwcle speedily in order 
to clear lhe trouble beforr it has had time to extend. 

F 'er ioclical ma intenance 1es1s <lrf' made 1\ 'it h a 500 1·0!1 constant 

prrssure. 111olor-clri1·cn meggcr. Thr maximum scale reading of 

lhis inslrumt-nt is 1000 mego hms, so th;1t tlw presence of a lo\\· 
insul0tion fault, e\'f'n in its earl�· slagt-, crn be detected. 

Methods have been cle\'eloped in 1he Research Section and 



\\ere gi \Tll in this cuursl' <lf ins1ructiu11 by \\liich it is possible to 
make an accurate lucalisa11un of an insulation rcsistam·c fault in 
its early stage oi dnel<lp111en1. Tlie fault resistance is then of 
the urder of sc\-l'ral hundn,d 11wg<lh111s and, l'Onsequently, dues 
not interfere \Yitli tlH· traffic of lill' c;ililc. By remm·ing the fault 
in its incipient sl:q_;l· considl'r<ilJk l'conorny is l'ITected by aYoiding 
the loss of reyenm· \\l1icli \\ould lw caused by a co111plete break­
du \\11 and also by limiting· the t•xtl'nt uf tlH' damagl'. cm1se<l by 
tile fault and the <'<JllS<'quent c<lsl of repair. In sonw cases the 
early diminatiun uf a fault in liw <·ah!t' slw;11i1 may sa \T a romplete 
cabk kngth from irn·rnediahl1· damage. 

In order to illustratl' 1lw kind of insulation resistance fault 
11 l1icl1 can lw localisl'.d ;1nd ck;rn·d h1 l r:ii1ll'd Ollicers in the 
Districts an example \1·ill now \)(' 11ll'Tllioned. ,\ fault of 500 
megohms t>xisted 011 one 11·ire of an unckrground c;ihle 1uo miles 
long. The weight of the conductor 1rns 100 lbs. per mile and the 
fault 11as lucalised lo tile 1ie<11Tst joinl bet\veen I/ rotb mile cable 
lengths. 

This 111;1intl'narn t' course cl1-;t!t \\ilh all the different kinds of 
faults 1Yhicl1 ma1· lw met \\ith in practice and suitable methods 
of localisation \\l'H' 11<-snilwcl. Tlw limitations of the yarious 
methods as \\ell ;1s tlH· pn'l'au1i1111s 10 lw ohseru'cl 10, ensure 
;11·1·111-;111· 1Tsults \\"t'n' f11lh d<';tlt \\ itli. I 11sln1clion 1yas also given 
in llH, ordc·r of making lt1calisa1ion t1·sts so as to obtain prl'Cise 
results in the sl10rtesl possihll· timl'. 

The preliminan· \\·ork of this co1irs1· \\as of a matlll'matical 
nature and \\as arranged lo pro Yid1· s11fticient information so that 
lhe sulution of ge1wral liridge 1wl1\orks used in electrical testing 
ct1t1ld he carried out in a nwtliodical manner. It \Yas necessarv 
for lliosc attending· the cours1· l<> !Jay1• tTaclwd a dearly ddined 
stage in their matlH'rnati1-al studi1·s if full lw1wlit \\as to be deriYed 
frnm the instruction ,!.;-i \l'll. In till' Ci!St' of tlit1Sl' nwmlwrs of the 
class \\·hose mathcmalic;1I k1111\1 ledg1· 1\as ins11i'fi1·i1•nt, information 
\\·as gin'n \Yhich enahi!'d tlwm to gain 1lw necessary knowledge 
b,- priYalt• stmlv outside the class hours . 

. \f1t'r tile 111;t!lll'matic;il 11ork had h<Tn 1l10rnug·l1h gras1wd and 
a numlwr of exa111pl1·s \\<lrkt'd 1n1t in de1;1il, tlH· 1·lectrical 1cstin�:· 
\\·ork 1yas 1·n11111Hcnc1·cl. Till' f.,\lo11ing s_1 llalrns \1ill giYt' a gT1wral 

idea of tlw grnund 1·m1·rcd ln tlw 111;1int·c11ann· tt·sting and fault 
localisalinn courSl': 

(1) Tlwon· of determinants and rules for tlwir solution. 
(2) .\pplication of detnmin;rnts to the solution of simul­

tanPous efp1at ions. 

<.1! Kirrhoff's La\\'S and the solution of bridge networks 
lw means of determinants. 

\.+) :\fpasurcmcnt of Insulation I� esistancc - possible 



nwlhmb ;rnd stand;1rd rnetlwd fllr maint1·nann'. lest-
111g. 

(5) Descript i()n of nwtor-driffn, 500 nJlt nwg·ger, includ­
ing prt'.caut inn:-; to lw olisn\Td in its use particular II· 

on coil-lo;1dnl cables and thr uses of the guard 
terminal. 

((1) l\leasurenwnt of Conductor Resistance--loop, single­
"·ire, and differential tests. 

(/) Loc;ilisatinn of simpk 11>\1· resislance Earth Fault and 
of Cont:1ct Faull li_1· means of la) \'ark:·, (Ii) :\Iurray 
loop test. 

(8) Description nf D.C. prl'Cisinn tesling apparatus. 
(;i) Localisation of Ltl\\ Insulation (Incipient) Fault 111 

long· c<tl1l1·-g1·1wr;1l c;1s'e with \'arle:· test, lines nf 
equal 1>r urwqual resistance, t1·st ing· from one or both 
ends and foult in lhree srng·es of dn·elnpment. 

( ro) .\ctual c0t111l'l't iun:-; for \'arln- lest for Low Insulation 
(Incipient) Fault--prec;1utions in testing·, errors to 
lw guard('d against, elimination of earllied battery, 
double-endnl test \Yitlwut disd1arging· cable het\wen 
tests, etr. 

(r r) Loc;ilis;1tion ()f Lo\\ lnsu\;-ition (lnripil'nt) Fault in 
shorl cahle-g·erwral case \Yith l\Iurray test, lines of 
equal or unequal resistance, testing from one or both 
ends and fault in I hree stag-1·s of lkn·lopment. 

(12) .\rtual cornwclions for 'lfurr;n- test for Lin\ Insulati<in 
(Incipient) Fault---prffautions in testing·, errors to lw 

guardPd :1g:1ins1, effl'Ct of resistance of testing leads, 
etc. 

(13) Descripli<>n of.\.('. prerisinn !<'Sling ;-ipp:1rat11s. 
( 14) L()cnlis;ili<rn ()f Disc()nrwcli1>11 F:111l1 in lt•ng· cal>k by 

ILC. hallislic tt·:-;t:-;, 
(1-) L()c;ilisation 11f Dist'1>n111·c1inn F:111lt in :-;lt,>rt c:1hle hv 
' :i 

.\.C. lests. 
(1()) Localis:1tio11 of fligh Resistance !Copper) Fnult in long 

c;ihle h,- D.C. lesls. 
(17) Lornlisation of High l\esistanre (Cnppn) Fault m 

short cable lw :\.C. tests. 
(r8) Locali.sation of Complete Breakdmn1 in rable. 

(a) Tes!s frnm thtc ends on long rahle. 
(11) Tests nn short rahle, inrluding· :\.C. searrh roil 

test. 
(rg) Regular mainlenarn·e tests and rable records. 
(20) Genernl direclions f()r loralisatinn of faults, inrluding 

ordPr of 111:1ki11g· ll'sls, tests on tlw ro;1d, etc. 
. 

(21) Prartiral tests in tlw bboraton·, r.g., loralisation of 
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artificial Im\ insulation faults of 50 to 5uu megohms, 
localisation of artiilcial d isconnection faults, etc. 

(22) Localisation of actual cable faults. 

l·:acl1 Engineering District has bren pnwiJed with at least one 
set of prec ision testing apparatus so that tlw maintenance and 
foult localisation tl'Sts can lw carried uut lw tra ined Officers. Tlil· 
11ork of tlit•S(' Olllcers, in conjunction 11ith t'ach otlwr and with 

tlrnse H'Spunsible fur tlw c;ihle nJnstruction and repair \\Ork, has 
resulted in a h i gh :-:.Lrndard of m�1intenance of the underground 
telephone cable system of the L:nitecl Kingdom. 

In) CalJ/c 13u/a11ci11g and ,[cccptancc Tests. 

The 11ork uf this course \\ilS directed to instructing select1'd 

mrmhers of the St;tll uf t":tch Engineering District in the field­

construction;il t>pnations 1Tbting to lwbn<'l'd and luadt'd trunk 

cab It's. 
In descr.IJing tlw scopt· of this portiun uf the \nirk, the 

operations i111"uhed in tlw lil"ld construction of the Department's 

modt"rn trunk cables \\ill lw briefly dt'scrilwd, particular rden•nc,• 

hl'ing· g·iyen t(J tlw tt'sting \\·ork performed at e;teh stage, since it 

\1as in rvspcTt <1f this tt'sting \1·ork tli;1t tlw speci:il instruction l\"'lS 
furnished. 

Tl1t' lkpartnwnt 's trunk cahles are, in the gene ral case, manu­
factured, dr:t\\"n into ducts and jointl"cl into [tJading coil St'ctions 
h_1· Cnhl<· Contractors. Elt,ctrical h;1bncing for tht' purpose of 

St'<·urin_g· interfnt'nce immur:it 1· ancl lo n gi t udin;d unifor111ity of till· 
line nmstants is efft'l·ted during· tilt' jointing stage of the \\Ork, <in 
the c<Jllljllt:tion of \\ hicli tlw l1iading· coil sl'Ctions are sub111i11ed liy 
thl' Contractor for acceptann' \1\' the Department. 

Tlw balancing metlrncls adopll'd b_1· British Contractors folltl\\ 
gl'nerally the standard practices of tht' Department. 

Descriptions and theoretical explanations of these prnctict's 
constitute the major and most important portion of the \\·ork of 
this course. Capacit1· and conductor resistance bal ancing, for tlw 
elimination of cross-talk, and mutual capaci1_1· balancing for tlw 
promotion of long itudinal uniformity of cable circuits \\·ere dealt 
11ith. The instruction furnished in this branch \Yas comph,te and 
\\·as framed so ns to permit, \Yht'n necrssnr_1·, of cables bring 
dra\Yn in, jointed and balanced b:· the Department. Such \York 
has in conseC[ltence been successful1_1· performed nn more than one 
subsequrnt occasion lw the trainee! Staff of the Districts. Further­
more, in those cases ,,-here damage to a cablr has result ed in 
replacing lengths of cable ]wing required, the loading· coil sections 
im·oln�d haYe lwen rebalanced lw such local staff. The operations 
im·olwcl in these cases are ahy�n-s morr difficult than in the case 



uf ne\\ constructiunal \\·(1rk ;1nd are f n·qut·ntly rendcrt'd rath•:r 

irn·ulYed ;me! cumplicttt'd by t lw nen·ssity fur kl'eping t·ircuits 

\n 1rkin 1r t\Jroun·h tlw cabk durinrr till' l)rutcress uf the \\Ork. The 
� b b ,, 

ach ant age of Jia,·ing staff ; 1 \·ailab l e in such cases ,,·hu possess 

familiar kno\\ ll'do·l of till' or1o·inal constrtwtion, and of \ \ hat \\·ill 
b ;::, 

Jw innJhTcl in the\\ ork of n·storat ion, \J;ts lwl'll frcquenth demon-

str;1tl'd. Such cast's of lirl';1kdm\n ha\T hl'en n:pl'ditiuusly 

handled from the (llitsc·t, tlw ll'mporary rl'storntion of sen·it'f' 

lwing carried out in such a m;rnrwr as t11 facilitate to the grt'<ilt'st 

possiblt> extent the subsequent perrn;11wnt rt>pair \\Ork. 

l'p to quite recently thl' acceptat1ll' of loading coil sections 

from Contractors ha." been carried out wholly by spcrial testing 

staff under the control of tlw Research Senion of the Enginecr-in­

Chicf's Office. Tra i rwd staff, equipped with thl' nect>ssan· appar-­

atus, is nm\· ayailahll' in the Districts for the t>xecution of this 

branch of the \\Ork. In addit ion to insul;1tion anc\ conductor 
(loop) n·sistzrnce tests, capacit_,. unbal;it�ce, resistance unhabnet\ 

crnss-uil]; and rnutual capacity nw;isurc·ments are made. Ful! 

instruction in these tests \\·as furnishl'cl in class, \\hilst the practical 
\\·(Irk of 1lw coursl' prn,·ided for each o rticer !wing a.ttacl1ed for a 
pniod to :t lH'adquartl'fS g-ruup act11alh· engag·ed upon such testing 
operations. 

On acceptance of the loading coil sections thl' loading coils :1i'l' 
inst'rled, general \ ,,· h,· the Department's O\\·n worknwn, under thl' 
,·u pcrYision of t lw Su perii1 tending Engineers. In t lw case of side 
circuit loading onl:·. this ,,·ork proceeds s_,·slt·rnaticall:· to corn­
plet ion \Yithout the necFssir_,- for further special testing other than 
rt>g·ular insulation, conclucti,·ir:· and tapping-through tests. On 
completion, encl-to-encl or final tests arc madE' prior to hringinb' 
the cab le into serYice. ThPse final tests i m·oh·p special measure­
rnen t s for incluctann·, cross-talk anc\ noisP, and transmission 
cfficiencY. The inductanct' tests are intended to check the freedom 
of the coils from deterioration clue to the inadyertent passage of 
largf' currents, ff'\'t'rsals of coil \Yinclings, the preseryation of the 
\fultiple Twin formation of tlw 1·ahle through the coil case-­
i.c., freedom from split pairs and split cores--and generally the 
r·orrectness of the loading opl'ratinns, The 1ransmissinn or speak­

ing efficienc1· tests, h\· c o m parison of ;1 num ber of cable loops \Yith 
:111 artifici:il cahlE', enable the ayerage attt·nu<1tion and the term inal 
1 oss Ya hies to bE' corn pu tecl. 1 nstruct inn in such tests docs not 
normal], form part of the cable balancing course, hut in somt' 
cases ,,·here time and other circumstances \\·ere fayourahlE', lecture's 
\\·ere g·iven and nppnrtunitiPs afforded for practical work on cnrn­

pletecl cables. 
ln the casl' of long-distance side- :1ncl pliantom-lo;1cled cnblc·s 

it is necessary to SC'cure a greater clegrf'e of interff'rt'l1Cl' immuniiv 
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than in the case of short, sick-lCJaded cables. This is at t ained by 
crossing methods at joints bct\Yeen groups of loading coil sections 
and coils, the actual mode� of connection being determined by the 
results of cross-talk s\\itching tests. In this case also , detailed 

class instruction could not always lw arrnnged. The best that 
could be done in this connection was to pruYide for brief lectures 
and a measure of actual \York on the road for those ofncers whose 
duties in their O\Yll districts included the control of staff engage d 
upon the making of such j oints or otlwrn isc· handling such cables, 
c.,s:,·., during the carrying out of tlw alH 1\T mentioned group tests 
or during maintenance operations. 

The foll m, ing· brief syllabus outlin<'s the \York of the Cable 
Babncing and .\cceptann· course:--

( 1) Jlalhenlillics . . \ hrit'f n·yie\\ of denwntary matlw­
matical processes with special reference to Yectors. 

(1) Flcmcn/ary .lltcrnaling Current Theory. Simple sine­
,,·an' altern aJ ing current representation. Impedance 
and ,\dmittance rq;arded as vc·ctors. R C'sistancc, 
Reactanc�t\ Conductance and Susceptance. Equiva­
lent dirrct impedance and admittance net\vorks. 
,\ pplicat inn to direct capacit y networks. Solution 
of impedance and admittancP b ridges of ::'\ m embers 
by reduction to 4 member networks and use of 
\ \'hcatstone p rinc iple . 

(3) Callie Balanci11g. Capacit>· balancing for interference 
freedom , along the lines <Jf T.f. XlX. Conductor 
rPsistance balancing. Balancing for limitation of 
circuit and of length deviations nf mutual capacity . 

R1�balancing methods s11itahh, to different conditions 
CJf cable failure. 

(.+) .lcceptu11cc of loading coil sec/ions of cah/c. Descrip-

tions of apparatus and nwtlwds of measuring insula­
tion resistance, conductor resistance (loop and un­
balance), capacit v unbalance , cross-talk and mutual 
capac i t>' w ith special descriptions of Post Office 
Trunk Cable, Conductor Resistance (loop and un­

bal ance) , Capacity Cnhalanc<' :rnd Cross-Talk Test­
ing Sets and their associated equipmtcnt. J\fotual 
Capacity bridge. 

In addition to the foregoing some g-c1wrnl information relating 
to these courses will he given. 

The memb ers of thf' cmirst,s su Ltr hC'\d ha\T been selected bv 
Superintending Engineers. In 1\fa,·, r<J2J, when a number of 
officers \\·ere requ ired to staff the Tleadq11arters ksting groups. 
suitab l e men were chosen on the, n,sult of a written examination. 
Of 300 candidates, compt'ting frnrn ,·aricrn s parts nf the country, 
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..J.O we're so chosen and subsequently gin'.n a suitable course in tht' 

\\Ork \\ hich the\· \\ere required lo perfurrn. The\· \\l're then 
allocated as assistants to testing groups and many have since 
qualifi ed themse \ y es 10 u1ke charge of a testing unit. 

TIH, t'U\JrS(,S ha\(" been gin�n w staff of y;1rious ranks from 
that of .\ ssistant Engineer to Skilkd \\'mknwn, and they han'. 
been aclaptt>d as for as possible, frnm time tu time, to meet the 
specia l rweds of the o!li1Trs concerned. The nwtliocls of explana­

liun and the amount of preliminar_\· work has also been yaried to 

suit the scientific and technical attainments of the memlwrs uf the 
seyeral courses \\ hich ha Ye been given. 

In those c;1ses \\here hv reason of tlw rank of the officers 
attending a course their normal duti1"s would he largely of a 
supC'rvisory character, much morP general ground relating to th1' 
trunk systPm has been cm·erecl and part icula r ;1ttcntion ha:-; bt>en 
giYen to the organisation aspect of the \York . In othn ctsPS the 
need has been for considerable detail in tlw testing, rffording, 

s1,lecting and scheduling ;1spects of ralilc \\·ork. 

The \Hiting of ]pet un· an cl \a lrnratury 1wi1'S h;1s l H'l'n pro' ided 
for. The books ha Ye )wt"!l e"arnined ;1nd curn"1·ted from time to 

tinw ;rnd on completion uf tli1' cours1,s . ('\use touch lwt\Yt'en tlw 
lecturers and their assistants ;1nd the nwmlwrs <lf tlw class has lieen 
maintained \\·ith n'ry ))('rwlicial rt>stdts . 

Present day policy shmYs some tendenn tn tlw placing of 
cabling contracts inYoh·ing manufacture, jointing, loading· and 
terminating to uimpletion. l�y this means it is hoped to relieYc 

the Department of much of the testing· \York at present carried out. 
The staff \ \ ill still, hmn'.H'r, require to keep tlrnroug·hly up-to-date 
in this constantly develuping aspect of communication work, sinn� 
t hey will be closely concerned not only \Yith the inspection of such 
\\ ork in all its cons1ructional stages, but also \\ ith the suhst,qucnt 
maintenance :rnd \vorking of the system . 

c\lthough no mention has been made of the testing of gutta­
percha and ha la ta i nsu lat ed suhmari ne cab lt>s, yet some of the 
olliccrs \Yim ha\·t> ;lttl'nded tlw classes han, had to deal \ \·ith th•: 
maintenance testin g· of Slll'h cables in tlwir normal dut}'· Jn such 
cases, some time has been s1wnt in dealing \\ith this im portant 
branch of cablt' \York. 

In conclusion, it \Yill lw notil'ed that, up to the present time, 
the classes haye been held intt•rmittenth· and onh· on such 
occasions as the need for the imnwdiate s1"n·in,s of trained staff 
arose. It is the opinion of the authors that the future adequate 
maintenance of the cab lt' s\·stem of this country \Yill necessita1e 
\he training of suitable officers as a regular feature of tlw Depart­
ment's policy . 

It \\·ill also be obspn·cd that the scopP of the courses so far 
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g·iyen has not inchtdt'd tlw srwcial lint· requirements of repeaterecl 
cahks. ln tlw :ll"cq)tance of such cables, impedance-frequency 
!t·.c.;ts of tlie circl!its :11T f1('et'Ssar:' to prm·e their satisfactory length­
t1niform111. S1wci;1] cross-talk tests to con·r the cable and the 
rqwaln stali<>n li11(' app:1ratus. as \Y('ll as U\'t'rall efficiency tests to 
cmTr tlw lwh;1\·iour of thl' Jin(' under the energised conditions (lf 
the rt'JWakrs, ar(' also l'SS('lltial. The maintenance of such circuits 
1\ill inc:luck :1 similar seri1's of tests, thP checking of line balancing 
1wtm1rks and of rqwatn gains. Tb(' necessity for trained staff to 
deal \\·itli this aspect c1f tlw \\ork is ob,·ious and it is suggested 
that t lw 1w1·d c<>uld Yen \\I'll he met by a coursP along the lines 
of tlw CalilL· .\laintl'nance and ]-\;tlancing cnl!rS('S described in this 
;1rt icle. 

ACCIDENTS ON DUTY.* 

By R . :\ . J mrns. 

(h:1-: of thl' most striking phenomena of tlw industrial history 

of tlw last liundn·d _n·ars is the a111elioratiun of the conditions of 

L'111ploynwnt of tlw \\orkn. Tiw exploitatiun of child labour, 

c'>.Tl'ssin·ly long \1orking hours, and insanitary, unsuitable and 

incunn'nient \\ork pbces are but a fe\Y of the eYils which haYe 

het>n remo,·1·d or renwdil'd by legislation, and in such enactments 

as t be Factory "nd \ \. orkshup Acts regulations ha Ye been made 

fo1· tlw protection of \Yorkers from the clangers of their \ \ Ork , 

11\wtlwr ;iccidl'nl or ol'Cupational disease. In addition to this 

Jwndicent act ion on t !H' p :1rt of the Stall• many large employers of 
lahnur li;11·(· suppknwnted statutor_\· prm·isions by the introduction 
of welfon., safety lirst ancl other tnO\·ements for the prescn·ation 
1lf th(' health ;rnd \i,·es of their ''mploves during working hours . 
. \ nd further, it ts now recognised that mechanical means of 
pn m w1ing· industrial efti.cienn· are insufficient unless the human 
factor in all its \·ariations is taken into account--hence in the 
scientitic rnanag('nwnt of industr.\·, \Yhid1 has for its object the 
i11n1·;1s1· nf uulput, questions nf fatigue and unrest haw· beconw 
1 lw stll(h <>f e>:prrts. 

[ n these rnrwenwnts for the prntPct ion of 1 lw \Yorker pln·sic;il 
injun· or disabilit_\· arising out of or in the course of his emplm·­
nwnt is rt'g·arded as a menace to his general \Yell-being, and, as 
atH reduction of his g·(·nnal \Yell-being Jo;yers his standard nf 
effect i,·,·1wss, industrial accidents must in their results he counted 

' A paper read before the North \Vestern Centre, at Preston, on the 30th Novem­
btr, 1925: and before the Northern Ireland Centre on the 9th March, 1926. 
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as a form of inefficiency inasmuch as they cause labour lusses and 
therefore entail unproductiYe costs. 

Tu the busi1wss man thlc rail'. ()f protit is the measure uf 

dlicil:nc1 . l 11 the Post ( Hlin· Engineering Department efficiency 
is nut 11;easured by pruli t qua pruli t, fur as ,\I r. John Lee says in 

his'' Economics uf Tdegraphs and Te lephones ,'' ••It is 11 urthy 
of nut ice, as uf national interest, that it is perfectly clear from tlw 
preamble of the Tl·ll'graph .\et of 1868 that tlH'rt' 11as no intention 
11·hate\'er uf making a prn lit out of tlw tt·legraph ser\'ice, but only 
an intention of making the serYice more rapid ;rnd more 11·idl:ly 
extench-d," our measun'. of efficiency is tlw due prm·ision of 
satisfactor_1· engineering Sl'rYices. '.\l'\'ertlwless, it is required of 

public sn1·ants entrustl'C! 11·ith public funds strictly tu administn 
and contrul expenditure upun tlw public sen·in·s 11 hich it is their 
function tu supply. ln the exercise of this administration and 
control of <'::qwnditure 11 e must haYe regard, inter alia, to tlw 
elimin;1tion of all unprnductin' costs, among 11 hich, as 11e li;t\l' 

S('<'n, are those entaill'd by labour los"es throug·ii ;wcidt'nts. 
The elimination of tlw unprodtwtiYe costs of affidents c;111 only 

he effrctl'd by the pren· ntion of accidents, ;rnd ii. it 1wn· asked 
11·hat number of accidents may he rt'.garded �1s till' irreducibk 
minimum the ans1ncr \\ 'O ttld lw " nu1w." This nu doubt is ideal­
istic, but it is not impossibll', and it must bl' the aim if any 
considerable reduction in the number uf accidents is tu be securc:d. 

I r \\ e \\CJUlcl aYoid accidents \H' shall du so most St1reh· b1· a 

st ucl_1· of their causation and by the adupt ion of t h< >Sl0 llH'ans ot 

pn°n:nt ion ,,·hich are indicated b1 such a stucl1·. 
'C'lw im·1·itabilit1 ()f accidents s�t'ms to lw t<i<>. n·adil1· Utk<'n for 

grantecl�lwnn· perhaps tlw reluctanc<' I<> :1scrilH' <"<>ntrihutnry 
1wgligt•nn', 1Yliich is adrnitt<'d in only tW•> pn <Tnt. <>i' tlH· cas<'s 
report<·d in tlw :\()rth \\'<'Stt·rn District. Thi:, may be the outconw 
of failt1rC' tlJ appn,ciatt· tilt' pn,cis<' natun· of an a<-cidl'nt and a l<>O 
eas.1· assumption that :111_1· and t'Yl'n· occurrt·ncc· Ill· 11·hich tlH· 
pnson is injt1rcd is \'l'ritahly unaYuidabl<· and could not !lt' 

pren°nted. .\n accidl'nt acc<>rding· to the ?\e11· Fnglish Dictionary 
is, ".\nnhing that happl'ns \Yitlwut f<>resig·l11 or t'X]WCtatinn; 
;111 unt1sual <'H'l1t 1Yhich pr<W<'<'ds from some ttnk11<>1\·n caust· nr is 
;111 unusual <'ffect of a k11<>1\·11 caus<'." .\ccorcli11 g to \\"ehstl'f's 
Dictionary an accident is litnally, " .\ hl'falling ; an t'Y<'11t that 
takes plan' without one's foresight or <'xpectatinn; ;111 u1•cksig·1wd, 
sudden and unexpected eycnt." In tlw legal sense an accident is, 
" .\n eYent happening 11 ithout the concurrence of tlw 1\·ill of the 

pnson by \1·hose ag·ency it \Yas caused; an accident differs frnrn �1 
mistake in that ;1 misU1ke a]\ya1·s supposes the operation of thr� 
1Yill of the agent in producing the e\·ent, although that will ma1· 
be caused b_1· erroneous impressions on the mind." Specificalh:, 
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1n t'<jllil_\· practice, ;rn affident "is an event \Yhich is not the result 
of persllnal negligence or misconduct. " On the ine\·itability uf 
()f affidt·nts Dr. P. Sargant Fl()1Tnc<', an :n1thority on the subject, 
1>f tlw Dt'partnwnt ()f EconorniL's in l';1mbridge l'niyersity , in bis 
" Ecllnornics of F:it igu1· and l. nrest," \\Tiks, "Accidents arc 
uftt·n e110ugh acn·pt1·d ;1s a dispensation uf PrO\·idcnce. This 
ma_\· lw tnw CJf 1·arthquakes, Yolcanic eruptions, >Storms and 

tt·mpt·sts, but in the humanly crcat1,d conditions of industry 
accidents must take tlwir place beside turnon"r, lost time and 
dt'flcient and ddeni\I' output as a sn11ptom of human ineffi­
ci1·rn·:·," and again, " The word accident, by its very derivation, 
denot1�s sonw thing 1d1ich should not happen at all ... and all 
ii:dustrial <tccidents arising nut of and in the course uf employ ment 
mig·ht lw consid1'1Td ;1s a\·1iidahle h_\· the empl()yer." ,\nd this is 
tlw t1•st1nw11\ of th1• British I Lea l th of ..\lunition \\'orkers' Com-
111itt1·e in a pulilislwd memorandum of tlw results of an inquir.1· 
made h_\· them: " .\c1·i1knts depend in the main on carelessness 
and l:tck of attention of tlw \\·orkers, and so the more one can 
1·liminate this lack cif attention and increase the conn�ntration of 
t lw \\ orker upon his \\·ork the mu re \Yill accidents be reduced." 
Those \\ho knm1· m ost of t lw facts and are tlwrefnre best qualified 
to judge agree that tlw numlwr of industrial accidents might be 
greatly reduced. The C'hief Inspector of Factories and \\'ork­
shops says 7 5 ')n of tlw accidents t bat occur could, with reasonable 
precaution, be aniidcd. ln the face of this \Yell-informed evidence 
an accident in tbe course of employment cannot be regarded as 
inn · itable if it might ban� been preYented by the exPrcise of 
foresight and prec�1ution, the application of proper methods, and 
the skilful use of tlw most suitable tools i111ll app lianres. Failure 
in any of these n·spects indicates personal negligence or mis­
conduct, or, as \\'c·bster expresses it, the concurrence of the will 
of the person hy \\-hose agenc_1· the accident is caused, and these 
considerations should engage the attc'nt ion of those whose business 
it is to lkcidc· tlw c 11 iestion of contributory neg ligence. It may be 
that cont rilJl !tOr \ rwgligencc is seldom admitted because of S_\·m­
p:1tln \\ith tlw Yictim and a desire to give him the benefit of the 
doubt; if this lw so, is ncit tlw kindness misplaced ilnd would not 
it lw 111 01T 1wrwticii11 to e�plore the \ause of tlw mishap so as to 
l'st:1hlish de1lnitt·h 1\lwthn it was really un;1yoidahle, and, if not 
un;l\·oidahl1', to apply t host, n,nwdial measures or to take such 
disciplinary act ion as would, so far as is h umanly possible, haYc' 
ilw eifrn of prc·\·enting· a similar occurrcnn· ':' It is sonw 11h ;1 t 
renwrk:1hle that \\ hile had nnd imperfect 11-rirkm;mship, such as 
filult_\· plumbing· and dn· 1n1nts, is frequently punished, the 

unworkrnanlike lwh;ll·iour lw ,,hich accidents are often Ci1USed 
generalh- goes unchallenged. .\s Dr. Si1rgant Florence savs: 
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"Official i1westigations often cunti1w their interpretation uf 
cause to the t.qw of madiine or ubject inflicting the injury \\ithuut 
inquiry inw the action uf the object and of tlie human victim 
immediately preceding. Variations in accicknts as :t measure uf 
thl' injured \\orker 's budily and mental state and the in!1m'.nce 
upon him of industrial conditions are being graduall.1· recugnised, 
e.g., an accident dul' to the glancing or slipping uf a tool repn·­

sents a case in \\·hich the injured man's state of mind or liudy m;t 1· 
lwYe considerablt� influence, but an accident due· sa: tu tht� 
breaking of a tool is a case where the human f;wtor in the persrin 
of the user of the tool could have little or nothing tu du 11ith the 
circumstances." Mr. lienry Ford, of motor car fame, in ":'dy 
Life and \\'ork," writes of the practin� of his U\\ 11 establislinwnt: 
" EYery accidt:>nt, no matter how tri1·ial, is traced back by a 
skilled man employed solely fur that purpose, and a stud.1· is madt� 

... to make that s�tme accident in the future impossible." 
" If a man has worked Luo hard ur through too lung hours he 

gets into a mental state that im·ites accicknts. Part of the work 
of pn'.venting accidents is tu avoid this mental state, part is tu 

prevent carelessness, and part is to make machinery absolutely 
foul-proof.'' 

"�ccording Lo }lr. Furci, the principal cause of accidents as they 
are grouped by the experts are:­

( 1) DefectiYe structures. 
(2) DefectiYe machines. 
(3) insufficient room. 
(-J.) .\hsence of safeguards. 
(5) L;nclean conditions. 
( 6) Bad light. 
(7) Bad air. 
(8) L;nsuitabk clothing. 
(l)) Carelessness. 

(10) Ignorance. 
( 11 ) l\lental condition. 
( l2) Lack uf co-operation. 

"\nd he further remarks: "The question of clefel'tin· structures, 
ddel'live machinery, insufficient room, unclt·;m cunditions, had 
lig·bt, bad air, the \\Tung lllt"nt<tl condition and tlw lack of co­
operation are easil_1· disposed of. :'\one of till' men \\\Jrks too 
hard. Tlw 1\ages settle nine-tt·nths of the 111('11ta1 problems, and 
consiructiun gets rid of the c1thers. \\·e lian· then to guard against 
unsuitable clothing, carelessness and ignor; m n ·. and tu make 
en'rything \\'C han· fool-proof. ... I ndust r:· needs not t'Xact a 

human toll." 
It has earlier been suggested that an.1· effort to n,duce the 

frequem'_v of accidents is more likely to be successful if it be 
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infurnwd 1J_1 a stud: of acci<ll'nt causation. To this l'nd and in 

t lw hope that Llw resu Its \\ i II prove lo be useful tbe accident 

1l'cords of tlw :\urth \\" estnn District haH' been c�plun:J and a 

rn1miwr of analyses ma<ll', of 1d1ich par t iculars \1ill nu\1 lw given. 

Tlw number of accident;:-; un du\\ during a rl'cent year \\'aS 

t 8il-- rather more than one l'\Try t wcJ working cL1_1s. The an: rage 

11u11ilwr of 11urkm1:n l'mplo_n·<l \\as J ,200 and tlw pt>rcentage nf 

:1ccidents 11as tlwrefore 15.5. The number of days lost \\as t,950, 

or tli<' equi \ a lcnt of the continuous absl'tll'l' of l>.3 nwn. The 

a1n:1gl' alisl'tll'l' for all ac cilknts \\as 10� da_1:c., but as 9(1 cif tl1c 

an·id1·nts involved n1> aiiSL'ncc· tlw avt>ragc· alisenn· for the yo 

11 liid1 did i m·c ilye absl'l1lT \\as 21 .ti <lays. rlw : 1 n·rage absenn· 

pn l'rn p lo_n: \\ as t .h days. 
It is difficult tc> make any usdul comparison lwl\1et·n the 

frequerK_ 1 and Sl'Yerity ui accidents sustained liy the I )epartment's 
11 urkrnl'n :111d of acc idents sustained by workmen generally as, 

tlw Department's 11 ork !wing peculiar to itself, the available 
statistics uf casual! ies in other industries are not strictly applicable. 
The case uf \vorkt'rs in tlw clocln· ards and other establishments of 
t lie .\dmiralty provides perhaps the nearest paral iel . There the 
frl'quency rate \1as 30.5, as against this Department's 31.7, and 
the sever it y rate .38 as against .(i8. (The frequency rate is the 
numlwr of lost-ti me accidt>nts per m illion hours worked and the 
se1·erit_1· rate the number of days lust per thousand hours \1orke<l). 
It 11ill lw o\Jsen·ed that \\ hile the frequenc1 rates are rt'markably 
close, this Dc·partnwnt's snerity rate, indicating the time lost, is 
near II· dou b le that of the .\d111iral11· \1orker. . . 

Tlw freqtwnc_1· uf all temporarily disabling· accidents in industr v 
g·l'neralh· is gin·n as about 110 per thousand employed . Of these 
1 10 accidents, alwut 45 accidents a _n·ar \I ill probably disable 

from a d;11 tc1 a \leek , 48 from a week to a month, and 17 from a 
rnont h to six months. The general frt>quenc_v mte of 110 per 
thousand ccmws remarkabh close tu this Department's frequency 
rail' of IOI). Tlwre is, hm\C'\Tr, som e diJkrence in duration , the 
Dl'partnwnt's tigures shmving more day to a \\eek absences and 
ll,SS \1-ed.: tu a month absences than is the general experience. 

Tlw distribution of acc i dents during thl' period under review 
t!irnug·lwut tlw se1·l,ral S1·ctions of thE' District \\as \lid. Lanes. 
( lntnnal ) Sl'Cti()n, 9. 1 '�:. of the numlwr llf \\ orkmen c111plll_1ed; 
Lancastn Sectilln, 1h.2';,,, and Preston ;1nd J{od1dale Sections, 
1Tspecti\"l·l_1, 1S0; • •  Tlw risk ()f < ilTidl'n l on l':\tnnal \York is 
tlwreforl' shmYn to lw apprn:\i111;1tl'l_1 doulill· tlw risk on internal 
11·ork and the dangers of P:\tern;1l \1ork to lw great er in congested 

urban an·as than in rural districts . 

. \n attempt \vas nrndE' to ascertain whE'ther, and, if so, to what 
<'Xknt, the incidence of accidents is affected from month tu month 
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by Sl'asunal differl'nces uf tern peraturL· m \isiliility, but, as the 
follu\ \ing particulars shu \\-, no dl'flnite UJ!H lusiun 11as reacl1l'.d. 
In :\(>Yember, Decl'.mber, Januar_1· there 1\ere 52 accidents, and in 
Ju rw , July, ) .. ugust 41, an incre;tse uf 11 du11ng tlie \\ intc:r munth;,, 
hut as against this the numlwr 1\as as high as ll) in .\Lt;, a guud 
11eather month, and as lo \\ as tu in Fl'.iJJ"uar_1, a lJad 11 eat her 

nwntli. Thl'. higlwst pl'ak.s 11en, 24 in .\larch ;rnd ll) in .\la1, 
October and January, respectiYcly, the lo \\l'St, 7 in .\pril. Tlw; 
is tlw general experience, fur according to 1hl· .\nnua l Rqiurt uf 
tl1e ('hief Inspector uf Factories fur LSJ2-J. industrial accid1·11ts art· 
;tl 11a \·s lw<tYiest in the munths of .\Jarcl1 and (ktulll'r. 

. \ t t,st \\as made uf t hl' i ncidcnd, ol a( ·c·idt· nt s ( Jll t IH· snTra I 
days of thl' \\et�k. tu ascertain wlwtlwr the fresli1wss (it .\l(inda 1 
(>r increasing fatigue as the 11 eek ach·ances has am markt·d l'llect 
<>!1 thl� risk. In 200 G\S('S examined, .+7 accidl·nts happened on 
Tuesdays, . .p on Fridays, .+I un .\lundays, 27 on Tliursda \·s, 25 
on \ \. ednesdays and 1 S un Saturdays . The gt·nL·ral t·x1wrienn· 
is that must accidents happen un .\londa \s ;rnd Frid<1\s; \\ith us 
Tuesda1s and Frida \·s an: the \\·orst d<1 \s. - - . 

The number uf accidents during l'<Wh hour ol the da 1· was 

inn'stigated tu ascertain lo \\hat extl'nt liability tu atTidt·nt may 
lie affected b_1· fatigue ur hunger. Of 200 cases it is signiticc.nt 
that tlw highest figures \\TtT 39 ;1ccidents in tlw fuurtli hour of tlw 
day and 29 in the eighth hour. Frum this it \\ ould ap1war that 
fatigue and hungn du increase the risk uf accident, <tnd this is 
confirmed by the fact that fc\\est accidents h appL·1wd during the: 
first and sixth \Yorking hours, the figun,s bl'ing 11 and 10, 
respectiYely. 

Thl' ratio of age tu risk of accident 1yas l'.X<irnined ;111d it 11as 
found that _\lJUth is more liahlt· to accident than age, \Yhil· h, un the 

assumption that _nn1th is g«,1wrally less c;1utiuus and l't•rtainly 
less experit'nl -ed than age, tends ll' cuntirm tlw suggestitm tltat 

accidt�nts are la rgely due tu negligence or 1 g 1wran< T .  \\"orknwn 
under 20 years of age, :iltlwugh only 5", of the stalT, had +s;'{, 
of the accidents; from 20 to 30 :-·ears, 3.+";, uf the st aff, lwd -J.I";, 
of tlw accidents; 30 to -J.O y<'ars, 35'\, uf thl' st;iff, had 2q.5'»', of 
the accic knts ; -J.O to 50 years, 1q0(, of tlw st;tll, h;1d i {'';', of the 
accidents; 50 tu 60 years, 10';{, of tlw slitff, had K'',', of the 

accidents; and uyer (Jo )Tars of ag·t', 7",, uf tlw st[tff. ]1;1d n'' 
accidents. It \\ill lw noticed that the higlwst rntitis ;rn· those ;11 

th<' g-roups under 20 Years ancl from 20 to 30 _1Tars uf ;1g·t·. 
It is n<>t surprising to tind that tlw h<tnds suffn thl' n1;1jmitY 

nf tlw accidental injuries�8_=; of 18h, or .+s":,. Tlw lw;id f()llcms, 
;\lung· way lwhind, \Yith 19 injuries, and thl' lt·g·s c()me next \1ith 
1S. The e_1·es, \Yith 17 injurit·s, fore lwttt>r than mig ht he e:-,:pe cted 
c:f ;1 member so nilnerablc. Of thP remaining members the back 
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:-;uffers in tlJ cases, the feet in 12, the arms in 10, the knees in 7 
and the chest in only 2. 

l n the year under rn ie\\ there were ') accidents in connexion 
\I ith motor Yehicles and during a subsequent periuJ uf ') months 

the number \1as onl y 5. Th is is a gratifying reduction in this 
t_qw of ;wcident, haying regard to the increasing congestion and 
dangers of tlw roads, and reflffts credit un the driYers. 

Some: people, by their a1\kardness, clumsiness or foolhardiness, 
or <>11 ing to a physical or mental kink-people'' ho du not possess 
the accicknt sense--seem to lw specially susceptible tu acciuents. 
Tlw:-;e are they 1\ho incur multiple accidents. "-\n examination 
uf t be rec()rcb \\as maue for cases of successi \·e acciuents tu the 
same person, t(J ascertain 11lwtber there 11 ere an1· of these 
susceptible;, anwng the DqJanment 's emplo.n'·s. In a period of 
1 N rnont hs, 1 N men each sustained t \YU and une man three 

accidents, and an in:-;tann· of three acciuents within 10 month:-; to 
the same man came to notice a fc \1 days agu. This last case is 
\\ »rth_1· uf recap it ulatiun :--

On the 15th \'uHmber, 1c;25, C. scratched the third finger of 
his l dt hand 11·i th a piece of bronze \\ire. The \\ uund was not 
1m:dicall_1 treated until the fol lo wing day . This was the third 
accident to C. in 10 months. ln January he scratcheu his hand 
11 ith a 11 ire end and \1as absent ..J...J.� days, suffering from a septic 
\\\IUnd; un that ocrnsion medil·al attention \Yas not obtained for 

three days. Th<'re 11as a second accident in ,\pril, when C. 
knocked his hand against a bolt and cut a finger. The most 
!TC<'nt injury den'loped into a septic arm, no doubt rendered septic 
liy the delay in rec<'iYing treatm en t , and the medical officer 
ITC<>11111w11 d nl that C. should in future \\ear gllwes. \\' bether he 
\\ill lw ablc· t<> \\ ork in glm-es or 11 lwther, haYing no\\ protected 
his hands, S<>llll' other part of his frame \\ill suffer only time 
can tell. 

On this point the Industrial Fatigue Research Board, in a 

1Tport on tll<' I ncidenc<' of I nclustrial Accidents, obsen·es that the 
c·:-;planation of this special suspectibility is to be found in the 
persona lit_\ of th<' indi,idual, and that a \\Orker 1\ho has hau three 
t ri1 ·i;tl accidt'nts is a more dangerous person than one who has had 
;1 single bad \\·ound. 

Sakty first methods and de1 ices for the pre1 ·emiun of accidents 
;ire Ill>\\ brg<'l:· <'mploYl'd in ;ill \IC'll-conducted industrial estab­
lislinwnts, ;1nd thl'r<' rs aliundant <'\ idt'lllT uf their succe:-;s in the 
redun,d rat<'s of frequcnc1 and St'1nih. The P.O. Engineering 
lkp;1rtnwnt is not behind gent·r;d practice in its appreciation of 
tlw importarir-e of the subjtTt. .\ hod1· of liter;itur<' and instruc­
tion on the rnattn is to IJ,· found in the Dt>partme11t's Regulations, 
in the brochure " Precautions against c\ccidents," in Rules for 
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\\'urkmen, and indirectly, as conducing tu \Yurkmanlike methods 
and the skilful use uf tools and appliances, in the l )epartment 's 
Teclrnical [nstructions and the Pamphlets fur \\'urkmen. 1f thl'. 
slogan:-

" 1\110''' thesl' instnH·ti()!1S and appl_1 tlwm l'\Ttl where 
there is nu risk, Report encr.1· accident 11 itl10ut excep­
tion." 

prominently printed in red un the l ' O\' l'rs of " Precautions against 

.\ccidents," \\l're generall_1· ohsern'd tlw dfrct could nut fail to be 

a great reductiun in tlw number of accidents. .\ml it has been 
\1·ritten :-

" Industrial accidents are usualh· neither 11 Iwl h· humanh· 
circurnstann'd nor yet 11 holly mechanically, hut arise most curn­
monh· from till'. fact that potentially errant human nature is 
emplm·ed on potentialh· dangerous operations. .\nticipation of 
the likely errors and cbngers lws substantialh reduced the at·cident 
rate in se1-cral industries and plants, and the ;1doptiun of this 
safet.1 policy indicates tlw possibility and the econom:· of minimiz­
ing· accident." 

.\ re,,. t_1·pical acci<knt cast•s ma:· he of intt:'n·st, and ma1· sen·e 
to point a mural: -

(a) .\ 11·orkman remtJ\'ed thl' nut from an arlll bolt and caml' 
down the pule for his dinner. Climbing thl' pole after dinner he 
grasped the arm for support, forgetting· that lH' had rt·moved the 
nut; the arm came a\Yay and the man fell to tlw gruund. In this 
caSl' thl' man appears to han· tlwught more <lf his dinner than nl 
his saft't_1· and the 1vork lw had in hand. I !is rwglCl't t1J 1Tplace the 
nut on the arm bolt or to remo1·e tlw arm lwh>re coming do11n 
resulted in serious injur_1 to himself (and might hau> caust'd injury 
to others) and loss to tlw Dqiartment. lfr 1\;1s incapacitated fur 
sencn \\el'ks Thl· Fng·i1wn-in-Cliil'I-, 11 hilt' agn't>ing that tlw 
failure to make all secure before Jea,·ing tlw \\Ork 11 as hlanw-
11 orth_1-, allm1·l'd compensation p�1y on the g-rtnmd that it 1\'aS 
extrenwil doubtful 11 hetlwr the lllan could lw held to hmT ht't:'n 
guilt1· of serious and \\ilful miscond11ct \1·ithin the nwaning of the 
\\'ork nwn 's Compensation .\et, I<J2,). 

(h) ln this case the 1\orkman \\'as ass1st1ng· to prepare a 40 
puh' for nectinn. The pole jumped the hoc;T1 on ll'hich it 11·:1s 
resting· and !hre11 him to tlw grnund, causing· a ver�· se1Trt' 
commin11tnl fracture of tlw right ll,g-. The pole 11 as il·in g on tl!l' 
p11le cart ;111d as the ground ii as soft tlw cart 11 heels \\<'r<' placed 
011 p la 11 ks. Tlw pole had been armed 11 hi le on t lw ea rt and ,,·as 
being turned O\'er so th;1t s!l·ps could he lixl'd on the other side 
\\ lwn ont' of the 11·lwt·ls slippt·cl into the soft cla1-, musing the 
cart to sink suddenly nn orn' sick and the 8-\\a1 arms striking the 
gTound le1·erecl the pole <in'r the pole cart pins. There 1s n•l 
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regulation against using a pole cart \() suppurt a pule while it is 
being tltted, but as the ground \\as suft the usual trestle support 
cum posed uf t ,,-o stou 1 arms crossed \\ ou ld ha n� been a better 
arrangenwnt, and if it had been used the accident \\Otild not havt'. 
happened. As so often occurs in accident cases the Foreman was 
1101 on the spot. The victim of this accident \\as a\Jsenl for 4� 
months and tltuugh the functional condition of his leg has been 
restored then' is a permanent defect in tlH' alignment of the limh. 

�c) A jointer ann mall' \Yl're about t() open a joint \\ hich \\as 
,-ery dirty. Just before thn left the job for dinner at noon the 
joint \\as \vashed \Vith petrol. On returning to \\ork and before 
the manhole was t'ntered an acety lene lamp ust·d for lighting was 
lmYered into the manhole, \vhen an l�xplosiun took place. The 
lml men \\·ere caught in the Rames, the jointer being severely 
burnt on the faet'. and hands and the mate burnt un the face, and 
both \ven'. incapacitated for seven \veeks. The manhole \vas 
believed to be free from coal or se\vt•r gas. The roof of the man­
hole \\as said to prcwide a pocket for the fumes and apparently 
the fire \Y<lS caused by vapour from the rwtrol <1pplied tu the cable 
for the purpose of cleaning it becoming ignited by the acetylene 
lamp. The jointer \\<lS ill-advised to use a naked l ight in such a 
situation. 

( d) E. I I. was rngagecl in J uly , 1 <)2..j., as a Labourer and on 
..i-th :-larch, 1925, while twisting a pole he slipped and sprained his 
right knee, which it \\'as unly then discovered had previuusl_1· \Jet>n 
\\cak and limited in movement. 1-le \\as ahst>nt for t\\'u months 

and received compt'nsation pay. This case illustrates the import­
ance of asce rtaining before· men arc engaged whether they are free 
from phy sical defect or infirmity. 

(e) .� work man gnt a splinter of wood in oIH, of his ting-ers. 
Surgical aid \\as not sought till the following day 1dwn the finger 
had s1\ollen and lwconw septic, necessitating 2} \1eeks' absence. 
The man, \I ho is an .\rnhu!ance man holding several certificates, 
\lashed and attendt'd to the wound after n,rnoving the splinter and 

considered that this was sufficient. The point of this case is that 
first aid is not intemkd to preclude the attention of a surgt>on. 
The first rule of ambulance \\·ork is" Send for a doctor." 

(/) ,\remarkable case is that of E.R. On the 6th :1\Ia\·, IlJ2I, 
this man, �.+ _1Tars of ag·t', \1·<1s transferring 1\·ires from a ladder to 
:1  pole \\ lwn the ladcl<·r broke and t'aught him on tlw nose. The 
inju n· \vas dt·scril H'd by 11w :\ledical Officer as abrasion of the skin 
of tlw J1()Se and foreht'ad,  and cbssiti<·d as" Slig·ht." Tht> ladder 
11·as <1 h()rnl\\t'd one <111d \\·as set in ;111 upri_�·ht pos ition \vith ()nl:-· 
two stays, and the Sl'Ct ion<il Enginn·r regarded the foreman as to 
blame for not arr<111ging· for the ladder tn be sufficient]\· sla_\·cd 
before the man ascended it. There was no absence. The man 
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c<Jntinued tu \\urk ;1ftl'r tilt' accident and fm mu1-e than three years 
afternards. In Jkcernlwr, l<J2.+. lie was a\ Yay for 3 days suffering 

from syncupe-Gast ric and from February to August uf the follow­

in g _\Tar, 1925, he had successin· abs,�nn·s uf 19, 11 and lJI days, 
in all 12 J days, sufferin g from synccl1w-C;1stric, Debility and 
Epilepsy. llis superannuation was then authorized un a retiring 
nwdical c:c·rtili.cate ckscrihing his ailment as Epilepsy associated 
\\itli mark<·d gastrn-intestinal toxo.'mia. ()n the 25th September 
l•:.I\. died in h<Jspital. The ductm \Ylw made a post-mortem 
ex<1min;1ti()n depos<·d ;1t tlH' inquest that ther{' \\<I S  n11 external sign 
()f injun to tlw skHll, but on tlw inner la .\t'r (jf tlw skull cap there 
\\as a small excavati()n the siz<� of the end of a lead pencil�" deep. 
On top uf the forelwad a little lo the right uf the eye there was a 
small perforation uf tlw brain about tlw siz<' <Jf the excavation, and 
the IHnin, othernise IH'althy. \\<IS protruding slightly into the hole. 
Tl1is condition uf tlw skull and brain se<·nwd to be the result of an 
old injury lw ,-ioknn, and nut d isease ; tlwn· must have been a 
fr<lcttll'l' four years agu. The cause nf dl'ath \\<tS heart failure 
foll(11\ing· tlll' epileptic su1tt', of which tlw fracture was possibly 
tlw orip;in. The case \\as referr ed to tlw Chief :.Iedical Officer, 
\Yho in Yil�\\ uf the post-mort<'lll examination considered that it 
could not lw successfully maintained that tlw accident in 1921 was 
not the caus<� of tlw brain condition responsible for death, and 
liabilit_1 under tlw \\'orknwn's C< 1111pensation ,\et \1-as admitted . 

This cas<' is cited as a striking illustration uf the serious conse­
qu<·nn·s '' hich 111<1_1 fullo,,· neglect lo us<' suiwble iouls and tu 
l'rnplo_,, proper methods. 

The Deparlnwnl 's '' ork cannot lw l'lassed <IS a hazardous 
Ol'l'upatiun. Duri n g the last S<'Yen _\Tars onl_1· three fatal accidents 
han· happl·twd in tlw :\urth \\'estern District, and as will han� 
been gathc·rc·d from tlw forl'g·oing part i rn brs the risk of injury 
1wcessitat ing abst'nce is as 3 is to .+o. Yet it should not be for­
got tl'l1 th;1t l'HTY accidl·ntal in jur_\ · is ;1 pott·ntial fatality and that 
as Dr. Sarg·a nt Flon·nn· puts it: " :\ part from the general con­
dition of the \\·orker . . . . .  minor accidents such as cuts 0r 

scratches do not l"ntail Jost time but are yet unquestionably 
responsible for lcJ\\ ert'd \Yorking· capacity." 

The ;1ppeal of this p;qwr has been largely utilitarian-�the need 
in the intcn ·sts of t'l'lil'it·nn· of n·ducing· the 1111111lwr of accidents 
on dut_1-, hut may it not be urged that the pre1·ention of such 
;1n:iclents lws an eYen greater claim on our attention on the higher 
�·rourid of llllmanit\· r Tlw mrnw,· cost of ;1n accident on duty is 
£7 or £s, but \\'hat it ma1- cost it

.
s Yictim in physical and me�tal 

suffrring- <llld worrv is incalculable. 
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TuE student of telephony is rather apt to deHJte Luu much 

attention to the purely apparatus and l'xchangt: development side 

of the subject, and to ignorL' the connecting links and take for 
granted that the li1w plant looks after itself. It is true that the 
intricacies of e�cliangl' l'quipnwnt-especiaily \\hen one gets <lmvn 
to the principles of machine S\\itching and their applicat ion to 
multi-office areas--are extraordinaril_1· fasci11C1ting. The problems 
haH' been attacked and a1T being solyed by most ingenious 
methods; has not so\l1L'(llll' said that automat ic telephony is the 
high-\\att'r mark (Jf human inventi\t' gen ius ·� l\ut that is not the 
\\hole stor_1· of telephone den·lopnll'nt. Tlw rnmlern lung-distance 
trunk line, halann·d and loadl·d, titled 11ith repeaters, echo 
suppressors and <tn-ur<1te line balances, i;-; a product of high 
engineerin g· skill and is \\ ( Jrthy of tlw cl t 1S('St allentiun, not only 

of the student but of tlwst· 11h0Sl' duties ma\· not k11·e brought 
tlwrn intu intimate contact \\'ith l'>:ternal 11ork but 1t·t arl· ;cealous 
c11011g·h in their prnfL·ssion ((1 tn· to rnastE'r all ils phase's . It is 
not possible , 1n' admit, for :my one comml!nication l'n .�·inecr to 
assimilate all tlw details of :111 dw brnnclws t(1-da1·; thl' time has 
g·(1!ll' for om· man to c:1rn in his lil'ad a list of all 1 lw scre 1 1s , 1ag·s, 
terminals and parts of l'\Tn item of appar;il\\s used h_1· the Depart­

ments, ;1s \\l' lw lil'\' (' an oi'fictT no\\ \Tl_I' high in rank 1\z1s once 
capable of doing· \1ithout appan·nt effort. To attempt suc:h a 

thing· to-daY 11ould lw foo lish ·. <1 glance thrnug·h the Stores I<ate 
Book 11ill disillusion ;rnnme dt ·sirn1 1s of attt'mpting it. �E'Yer­
tlieless, the field is not so \\ideas to debar any engineering officer 
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from acqmrt ng· a suflicil'nt iffm\ ll·dgl' of esst,n! ials so that \\lien 
the time and opportunity come tlw dl'tails t'<lll lw readily absorbed. 

It is for thest· rl'<tsnns \\T \\ekomt· the y;tluahle articles on thr 
Lonclon-Glasgtl\\ Trunk ;111d its n"1water stations, b \· !\fr. c\. B. 

Hart, and the dl'scription of th,· precision testing· and cahk 
balancing courses by :\kssrs. !\lnricP ;1ncl \lurris. The cable 
testing courses form a titling cnnclusion to tlw sclwnw of education 
for its staff ncm carried out b \  the Dqrnrtnwnt. 

A REFEH. E:\CE TELEPI-10:\E TR.\?\S:\IISSlON 

SYSTEi\I. 

Tlw telepho1w administration::; of the \\orld haw" been con­
cerned for some time on tlw subject of the adoption of a reference 
transmission standard, ont' \Yhic!J \Ylntld he stable in operation 
and by \\·hich the ll"lephone of co111nw1-ce could lw checked for 
,·olume and for articulation and also to bring results obtained b_\· 
different administrations stricth· into line \\ith each other. 

Interesting demonstrations \\ere gin'n at the P.O. Research 
Station at Dollis liill "in tlw last \\eek in ,\fay of apparatus 
dPYeloped by the .\nwrican Bell System, Siemens and Ilalske of 
Berl in, and the !hit ish Post Officl' for use in cunnect ion \\·i th a 

standard Reference Sy::;tem. The German and British exhibits, 
although giYing excellent results, had not been dewloped to the 
extent of the ,\merican system and it \\"<Ls decided, after prolonged 
disn1ssion, that it \\·ould lw adYisahle to adopt in toto t\w "\merican 
s.\·stem for the time being. The main points were that here was a 
completed s.\·stem 1\·hich fulfilled the requirements bid down and 
one on \Yhich a gTeat dl"al of experience had lwen obtained rl'gard­
ing tlte stability of the component parts. 

It \\as reccm1111t·ndul that the l'.l'.l. slioulci obtain a complete 
st,t of apparatus \\hich \\ould lw kno \\·n as the Europe�m i\Iaster 
Transmission l\t'fen•ncT S \·stem . .  \dministrntions could main­
tain other RPfP1Tnct' S.1·stems, \Yhiclt, if apprn\Td h:· tlw C.C.I. 

as conforming to certain limits laid dO\\n, \\ould lw designated 
Primary Reference S1 stems. Tlw neccssit \. of a concrett' ;\\aster 

. . . 

System follmYs from the impossibilit_\·, at the pwsent, of obtaining 
apparatus \\ithin sufficiently clost· limits of diffnence to l"nsun'. 
that t \\O s.\·stems built to :he same ;woustic-t"lt•:'tric-ac'oustic s1wciii­
catinn but using diffen·nt types of :1ppar;1tt1s \\t1uld g·i \T 1wrfor111-
ances identical \Yith lllH' another. 

Secondar_\· and \\orkin:.c; �otandards :�nt inYoh·ing· the eblrnration 
of the Priman· S\Stt'lllS Cllulcl lw usl'd <wd cnlilirated from them. 

Bricf1y, the :\faster S.1·stem comprises six parts:-:\ trans­
mitter and associated amplitin, a nlln-reactiYl' li1w of (HJolo ohms 

209 



NOTES AND CO\!\IENTS. 

impedance, a n•ceiver \vith associated amplifier, two eh•ctrical nel­
\YOrks (one to produce such frequency-characteristic distortion in 
the transmitter as to give the reference transmitter the same 
frequPncy-charactPristic as that of the commercial type \Yorking 
standard, and another lo do tlw same for the recein·r), and, lastly, 
the calibration apparatus. 

The transmitter used is the nmy well-known type of condenser 
transmitter, with a heaYily air-clamped strelchccl diaphragm. It 
is made up in a siz·e comparable \\itb the No. 1 C.B. transmitter 
and mounted upon a standard typtc pPdestal. The line calls for 
no comment. The recein°r is of the permanent magnet Bell type, 
hut having the diaphragm mechanically damped by a series of 
thin paper discs placed below the diaphragm. The diaphragm is 
clamped between faced metal surfaces to ensure uniformity and 
permanence. 

It is claimed that the transmitter and recein·r maintain their 
calibration with great accuracy, but in order to obtain this calibra­
tion in absolute units a calibration system is incorporated. This 
is in reality the essence of the whole system. Calibration of the 
transmitter is carried out by enclosing the front of the diaphragm 
with a small chamber in which is Jwld a thermophone consisting 
of two strips of gold leaf. If a direct polarising current be passed 
through this and an alternating current be superposed the heating 
and cooling of the strips heats the air gas in irnmediattc contact. 
If the chamber in which the strip is located be small in comparison 
with the wave-length of sound corresponding lo tht� frequency of 
the alternating current the pressure in the chamber varies in 
accordance \Yith this current. Since the length of a sound wave 
in hydrogen is four times its value in air the calibration is carried 
out in hnfrogen. It is claimed that ii is possible to calculate tlw 
pressure in the chamber when its constants and those of the 
thermophone are knmYn. The voltage output of the transmitter 
can thus be obtained in terms of dynes per srpiare cm. on the 
diaphragm. 

The receiver is calibrated by means of the preYiousl:· calibrated 
transmitter. ThP thermophone is removed and the receiver, by 
means of a metal coupling· device, placed airtig·ht in front of the­
transmitter diaphragm. On passing· a known current throug·h the 
rece-iver the output in dyne-s per square- cm. is obtained, knowing 
the calibration of the transmitter. 

\Vhen required to test an ordinary receiYer or transmitter the 
frpquency charactPrislic in the standard is distorted so as to 
simulate that of the test instrunwnl. The timbre of the l\rn being 
then identical it is possible to compare the amplitudes arcuralely. 
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Messrs. B. S. Cohen, A. J. Aldridge and vV. \Vest, of the 
Research Section, Engineer-in-Chief's Officl', read a paper on 
·' The Frequency Characteristics of Telephone Systems and 
Audio-Frequency Apparatus, and their Measurement" before the 
Institution of Electrical Engineers at the May meeting. An 
interesting discussion followed the reading of the paper, in which 
a number of P.O. engineers took part. 

l\Ir. Donald i\Iurray sends us the following communication:-

TRANSFER OF AGENCY. 

I announced some time ago that I had sold my Multiplex 
printing telegraph business to Creed & Co., Ltd., of Croydon, on 
the 3oth June, i925. 

I have now arranged for the transfer of my ;:igency· for the 
products of the i\lorkrum-Kleinschmidt Corporation of Chicago, 
to the Standard Telephones & Cables, Ltd., of Connaught House, 
Aldwych, \\'.C.2, on the 31st i\farch, HJ2(J. c'\.fter that date all 
enquiries and ordPrs for i\Iorkrum and Kleinschmidt machines 
and spare parts should be sent to the Standard Telephones & 

Cables, Ltd. 
The St;rndard Compan�· (formerly the \Vestern Electrir Com­

pany) has had ver�; large experience in telegraph and telephone 
work and I have confidence that in transferring the agency to them 
the interests of m:' customers will be amply safeguarded and first 
dass service assured to them. 

i\ I y perm a nen 1 address 1s : ---

B:Vl/DJ\IRY, 
London, vV .C. i. 

Bl\J / D:MR Y is nw �Ionomark and letters so addressed will 
always be forwarded to me \Yherever I may happen to be. 

DoN.\Ln l\lnRHAY. 

Joth Marrh, 1926. 

ROY.\L CORPS OF SIG'.\' . .\LS DII'\�ER, 1926, AND 

FOR,'\L\TIO� OF A ROYAL CORPS OF SIGNALS 
Dl'\NER CLUB. 

The above Dinnpr will be held in London on l\'Ionday, 
July 19th, 



NOTES AND COl\ll\1ENTS. 

Officers (Regular, Territorial and Supplementary Reserve) 
lrnve already been circu larised , but owing to lack of recently 
authenticated addresses it has not been possible to give information 
either about the Dinner or the formation of the DinnE'r Club to 
more than a n·n· small number of the ex-Officers who served in 
the Signal Service, Royal Engineers , or who were Sl'COnded to the 
Signal Service during· the war. 

The Honorary Secretary of the Royal Corps of Signals Dinner 
Club \\·ould be glad if atw such ex-Officers \H>tild kindly com­
municat'e their addresses lo him clo S.D.6, The \\rar Office, 
S.\-V.r. 

Extract from Tlzc Times, elated 29th �lay, 1926 :-

'' In face of competition from American, German, French, 
Swedish and Italian concerns, The New Ant\wrp Telephone & 
Electrical \Vorks has secured sole rights for the reorg;anization and 
exploitation of the Greek telephone and \Vireless services. The 
contract is worth about two and a half millions sterling. " 

:Messrs. \V. F. Dennis and Co., 70, Queen Victoria StrE'et, 
E.C.4, are the sole representatin�s of the above Company in the 
British Empire. 

Tlw :\Ianaging Editor, 

R Psearch Laboratories of the 
General Electric Company, Ltd., 

\\'emblev. 
z8t h l\I ay, H)Z6. 

Post Office E lectrical Eng·incers ' Journal,· 
Engitwer-in-Chiet s Office, 

Alder House, E.C.1. 

Dear Sir, 

In Yiew of the recent discussion in your columns on the 
Shunted Condenser, the followin g may be nf intPrPst: 

An exact solution of the p roblem of annulling the inductance 
of a re\a\· coil would lw to insert in series \Yilh it some circuit or 
deyice having an effectiYe negatiYe inductance equal in magnitude 
to the positin�-inductancP of the coil. 
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A circuit havin�· a negath·e inductance can be constructed by 
making use of a negative resistance such as the Dynatron or 
various other thermionic devices. 

c 

Assuming that a negative resistance 1s �n-ailable consider the 

simple circuit shown in the Fig., consisting (lf a resistance r, a 

capacity C and a negative resistance - r. 

The impedance of this circuit 1s 

I 

+ -�-- + 
jpC 

i - jpCr r I 

- r + jpc 
r 

The circuit is thus l'quivalent to a resistance r 111 series \Yitll 
negative inductance of value Cr2• 

By inserting such a circuit in series with a relay coil and 
choosing C and r so that Cr2 = L the inductance is completely 
annulled and the growth of current instantaneous. 

Further by inter-changing the positive and negative resistanct's 
in the Fig. the effective resistnnce of the circuit becomes negative so 
that the resistance of the coil can also be annulled and the device 
in addition becomes an amplifier. 

Of course, in practice it would he possible onl_\· to approximate 
lo this solution, but since satisfactory negative resistances such as 
Dynatron haw� been produced the nH�thod sh(luld be capable of 
practical development. 

By replacing the capacity by an inductance a 
capacity can be obtained and other more complicated 
impedances raft be obtained in a similar vcva y. 

Yours faithfully, 

negative 
negative 

A. c. BARTLETT. 
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HEADQUARTERS NOTES. 

HEADQUARTERS NOTES. 

EXCIL\'.\GE DEVELOPMENTS. 

THE following works have been completed:--

Exchange. 

M orriston 
Ipswich 
Swansea Extension 
Barnsley Extension 
Grangewood Extension 
Huddersfield Desk 
Hull Toll Extension 
!!ford Extension ... 
Openshaw New 
Primrose Hill New 
Redditch Ne\Y 
Speedwell Extension 
Toll M.F . ... 
Oxbridge Extension 
Auto Strop Razors 
Ashton-u-Lyne Infirmary ... 
Battersea Council 
Birmingham Corporation ... 
Bleachers Association 
Bootle Corporation 
Bradford Infirmary 
Burberry's Ltd. 
Clark Hunt 
Collins, Bristol 
Eastbourne Corporation 
Lambeth Council ... 
Lrncashire C. Council 
Larkins Ltd. 
Ledinghams Ltd .... 
Mnnchcster & Salford Co-

operative 
Metal Agencies 
Middlesex Hospital 
New Hudson ... 
North \Vest Road Cm 
Owen Owen 
Pearson Dorman 
Perfecta Tubes 
Robinson Bros. 
Shell Mex (Oxford) 
Spillers & Baker .. . 
Stelp & Leighton .. . 

Va!or & Co. 
Wagon Repairs 
\Vatncy Combe Reid 
\Veston-super-l\!arr· Cou11cil 
Yardley & Co. 

Type. 

:\uto 

" 

i\lanual 

l'.A.B.X. 

No. of Li11cs. 

320 
15iio 

4-10 
300 

rn8o 

4 ne\\' po�i tinns 
140 

1400 
4500 

2100 
1 JO Yrrticals 

220 
30 
30 
/0 
30 

100 
50 
40 
lio 
40 
20 

-�() 
30 
30 
:10 
:w 

:10 

Orders have be-en placed for the following new Evkmges :-

214 



Exchange. 

( Clrntham Area 
Gillingham 
Rainham ... 
Snodland 
St rood 

. Foleshill 

I' Hanley Area 
Burslem .. . 
Chesterton .. . ·1 Longton ... . .. 
N cwcastlc-

;-
inder-L yme 

Stoke-on-1 rent ... 
'Trentham . . . . .. 

Harrogate 
Hereford 
Macclesfield 
Bears den 
Leek 
Southend 2nd Relief 
.\rmitagr & Rigby 
!\\·on bank Co-operative 
Bootle Corporation 
Barnslq· Corporation 
Bristol Times 
Hurbcrrys 
Hurnlry Corporation 
Buxton Lime Firms 
CambcnYcll Guardians 
Cehncse 
Cullen, W. H. Ltd. 
Ounkelbuhler Ltd. 
Edmonton Guardians 
Fisher & Ludlow 
Forman & Sons ... 
Gaumont Ltd. 
Glasgow Corporation­

Town Hall 
Housing 

Hmrison Ltd. 
Heywoods Ltd. 
Kingseat Hospital 
\Tanifoldia Ltd. 
Manchester & Snlford 

Corporation 
i\l:iypol<• Oniry 
Mecca Cafe 
'.lfetal Agencies 
Middlesex Hospital 
!,J orris Cars 
Motherwell Hospital 
Ormrods Ltd. 
Phillips, J. & A .... 
Pollard & Co. 
Rudders & Payne ... 
Shell l\1ex (Oxford) 
Shorrditch Council 
Strip & Leighton 
Swan & Edgar 
Trnnsport \Vorkers 
\Vm. \\Talker & Son 
\Yr'1 Bromwich Hospitnl 

" 
House 

Hallam 

\\'cst Bromwich & \Vnl­
sall Corporntion 

HEADQUARTERS NOTES. 

I_ 
I 

Type. 

Auto 

" 

Manual 

" 

P.A.B.X. 

" 

No. of Lines. 

1400 
600 
200 
200 
400 
500 

rn8o 
1000 

!00 
700 
500 
700 
200 

2520 
800 

1300 
1100 

500 
1100 

40 
20 
50 
40 
40 
60 

100 
30 
40 
70 
30 
40 

100 

40 
60 
50 

350 
50 
50 
60 
40 
30 

50 
80 
60 
70 
50 
70 
30 
30 
30 
60 
30 
30 
50 
40 

!00 
80 
30 
30 

30 

40 
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LONDON DISTRICT NOTES. 

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

Exchange. 

Broughty Ferry 
Oun dee 
Sketty 
Birmingham East 
Blackpool ... 
Bournemouth 
Brix ton 
Cler ken well 
Grangewood 
Harrow 
Ilforrl 
Kingston 
LPamington 
Leith 
Nelson 
North 

Type. 

.-\uto 

" 
\lanual 

No. of Lines 

200 
!OOO 

170 
380 

1600 
1680 
1480 
560 

rnSo 
1530 

140 
1680 
380 
260 
260 

1300 

R ETI R E\I E1\T OF ".\�DR E\Y FRASER. 
:\lr. .\ndre,,· FrasPr, having reached the age of sixty, has 

retired from the serYice. .\ native of Aberdeen, \V here the stories 
of meanness collH' from, lw ,,·as a characteristic Scot and, acting 
on the Prime :\linister's achice, he remained one ro the encl. He 
passed through the stages of Rel ay Clerk, Second Class Engineer 
and �\ssistant Engineer, and for the past two years he was Execu­
tive Engineer in the TPlegraph Section. For many years he acted 
for the Department as the exami1wr of telegrnphists for the Over­
seer ' s Certificate, ancl gained for himself a high reputation for 
absolute fainwss. In the early days of the Juurnal l\Ir. Fraser 
contributed a very interesting series of articles on electrical 
pioneers, and se\Tral times since then his writings have gract>d 
our pages. Ile retires \vith the best \vishes of all his enginet>ring 
colleagues, and we are sure al so with the kindliest regard of thp 
staffs of every important tP lcgraph office in the kingdom. 

LONDON DISTRICT NOTES. 

Dt'RIKCi the quartPr ended �larch 26th, 1926, the number ··if 
exchange lines, internal extensions and external extPnsions pro­
vided and recuverecl, were as follows : -

Exchange Internal External 
lines. Extensions. Extensions. 

Provided I I ,029 6,982 r,398 
R eco,·ered 3, 162 3,213 636 

Net 7,867 3 , 769 762 
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LONDON DISTRICT NOTES. 

EXTERNAL CONSTRUCTION. 

Jlileage Statistics. 

During the three months ended 31st .March, 1926, the following 
changes have occurred:-

Teleg·raphs .-�·fott decrease in open wire of 37 miles and a nett 
increase in underground of 4rn miles. 

Telephones (l�xchange).-Nett decrease in open wire (including 
aerial cable) of 4 16 miles and a nett increase in underground of 
38,369 miles. 

Telephones (Trunk).-Nett decrease in open \vire of ro miles 
and a nett increase in underground of 1,090 miles. 

Pole Line .-Nett increase of 90 miles, bringing the total to 
date to 5,362 miles. 

Pipe Line .-Nett increase of 160 miles, the total to date being 
6,545 miles. 

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

Telegraphs 
Telephones (Exchanges) 
Telephones (Trunks) 
Spares 

INTERNAL CONSTRUCTION. 

24,766 
1,713,362 

60,998 
56,372 

New Exchangcs.-A new C.B. IOA Exchange was opened at 
\\'aterloo on r\pril r9th. The equipment was installed by the 
Department's staff in a building adjoining the Hop Exchange, 
which will be afforded much needed relief. 

.\ new C. B .1 Exchange was opened at Primrose Hill on May 
13th. The equipment was installed by Messrs. Ericsson's �Ianu­
facturing Company, and will accommodate 4,500 lines. 

,\ C. B. ro Exchange, known as "Kelvin," was brought into 
use on �lay r9th. The Exchange, which was installed by the 
Department's staff, is located in the building erected for the 
accommodation of the \Vestern Automatic Exchange. 

Two ne\v C. B. 1 Exchanges are in course of construct ion by 
the General Electric Company at Rodney (\\'alworth), and 
Battersea. The Exchanges \vill accommodate 3,700 and 5,490 
subscribers respectively. 

The S.Jl. T. Trial Equipment at Citv Exchange has been com­
pleted by the A.T.l\T. Company, and is in course of being tested 
out. 

Progress is being made with the construction of the Holborn 
:'d ech:rn irnl Tandem, Holhorn A u1omatic, and Bishopsgate Auto­
matic Exchanges. 
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LONDON DISTRICT NOTES. 

Closing of Hanh Exchange .-The Bank Exchange was closed 
on June 5th, the subscribers being transferred to the Exchanges 
serving the areas in which the subscribers' premises are located. 

TELEGRAPHS. 

The Jersey circuit has been fitted with modern Creed apparatus 
and similar apparatus has been installed in connection with the 
Norwegian circuits which are now to be \\orked from the Central 
Telegraph Ofllce instead of by a Cable Company. 

There are nmv four types of Creed in use: (!) Pneumatic, with 
air pressure in common; (z) Pneumatic self-pumping; (3) \Vholly 
electric, and (4) Electric modified. 

Apparatus of the \\i heatstune and Creed types has been 
installed in appreciable quantity in connection with the vVireless 
Beam Stations, and the accommodation for \Vireless work is 
being taken up rapidly. 

Teletypes are still increasing and two patterns--typewheel and 
typebar--are now in use. These instruments are being used for 
Pnvate \Vires as well as Public Telegraphs. 

MR. JAMES llAY THOW. 
The death ot Mr. J. H. Th ow, c\ssistant Superintending En­

gineer, London District, has to be recorded with great regret. 
His numerous friends in the Engineering Department were 
shocked to receive, on the morning of April 22nd, the news that 
he had passed away suddenly and unexpectedly after a short ill­
ness. Mr. Thow, who was in his 59th year, was on duty, 
apparently in the best of health, up to Easter, when he met with a 
slight accident, but this was not thotight to be serious. He was 
seen by some of his colleagues \·ery shortly before his death, and 
then seemed to be in good spirits and making rapid steps towards 
recovery. 

:.\lr. Thow entered the Department's service as a Telegraphist 
at Glasgow in October, 1884, and was transferred in M arch, 1892, 
to the Engineering Branch, in which Department he passed 
through the grades of Junior Cltcrk, Second Class Clerk and First 
Class Clerk prior to 18<)8, when lw lwcame a Second Class En­
gineer. ln 1<)02 he came tu London as a First Cbss Engineer in 
the (then) South 1'letrnp1ilitan District, and took clrnrge of the 
Ealing Exchange 1\rea when the Ealing Exchangt, \\i1S opened in 
1904. After some years in charge of tlw \\"t·stern Exchange 
Section he was engaged for a short time in the Technical Secti�n 
of the Superintending Engineer's Office, and was then transferred 
to the C.T.O. Section. In this Section he took a verv active 
interest in the Dudley pneumatic tube (continuous suction low 
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THE !l\STITUTION OF POST OFFICE ELECTRICAL EN<;JNEERS. 

vacuum) system. He made many attempts to solve some of the 
diliiculties inherent in the street tube system in London, but his 
experiments came tu a close on his promo! ion tu Assistant Super­
intending Engineer in the South i\lidland District, with head­
quarters at Reading. 

During the \\.ar, l\lr. Tlww took special charge of the i nstalla­
l ion and maintenance of works in connection \\ ith A1r Defence in 
the South :didland District. After the \\ ar, extensive under­
ground wurks, including the South }lidland District portion of 
the London-Bristol, London-Southampton, and a number of the 
London Tull cables, \\ere mainly under his control. 

In I922 he \\ as transferred tu the London Engineering District 
where he dealt more particularly with telegraph matters, buildings 
and the technical training of the minor staff. 

llis interests and hobbies \\·ere many. At Ealing he \\as well 
knm\n in local circles and for manv vears was a member of the 
,·Jrnir of the Parish Church. On his retu rn to London from 
R eading he lived at Tulse Hill and became a member of the 
Church Choir there. In all, his services as a dwristf'r extended 
to fifty years. 

i\Ir. Thm\· \\as a very capable amateur mechanic and \\aS 
skilled in the use of tools. He was also expert in cabinet making 
and \\ood working, and his \York would be creditable to a profrs-

5ional cr�lftsman. 
<)ur late collt>ague possessed an exceptional!_,. bright and cheer­

ful persona lity , �1nd was popular with <1ll grades of the staff. He 
\\as a devoted husband and father, and those who knew him 

intimately mourn the loss of a sincere friend. An indication of 
the Joye and respect of those with whom he came in contact is 
contained in tht> fact that up\vards of two hundred letters of con­
dolence were received by his family. 

R.A.W. 

POST 
THE 

OFFICE 
INSTITUTION 

ELECTRICAL 
OF 
ENGINEERS. 

ELECT!O>J OF COl.�ClL FOR TIIE YEAR 1926-27. 

The cons1i1111ion of the nt'\\" Council \\·ill be as follows : ­

Clwirman-:dr. "\. L. DeLattre. 
I lonoran· T reasurer- l\l r. B. 0. "\nson. 
Representing· Staff of the Engineer-in-Chief's Office-

1\Ir. C.]. :\ Iercer , and l\lr. E. J. \\'illn" 
Executive Engineers-

London: Mr. A. \Vright. 
Provinces : Mr. W. J. Rolfe. 
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Rqnesenting ,\ssistant and Second Class Engineers­
London: l\lr. J. II. Bell. 
Provinces: .Mr. C. E. Morgan. 

" 
Chief Inspectors --

London: l\Ir. \\'. ,\. B. Romain. 
Provinces: Mr. A. S. Carr. 

" 
Clerical Staff-

London: Mr. E. T. Larner. 
Provinces: l\Ir. A. \V. Lines, and Mr. H. 

Longley. 

" lnspectors-
London: Mr. C. \i\'. Messenger. 
Provinces: J\fr. R. P. Collins. 

" Draughtsmen-
London and Provinces: Mr. J. Millet. 

Secre!aff-i\Ir. R. V. Hansford. 

LOCAL CENTRE NOTES. 

LONDO::\T CENTRE. 

SESSlOJ\' 1925-26. 

l t is satisfoctory tu record that increasing interest in the 
activities of the Institution has been shown. Six Ordinary Meet­
ings, the . .\nnual General l\lecting, and tin� Informal Meetings 
\vere held. 

The programme for the Ordinary and Annual General Meet­
ings was as follows:-

r3th October, 1925, a Lecture by Major 1\. G. Lee, M.C., 
B.Sc., l\I.I.E.E., on "The ''ork of the \:Vireless Experimental 
Section.'' 

2-tth November, 1925, a paper by Haryey Smith on " The 
Problem of Flexibilitv in Subscribers' Cable Distribution." 

8th December, H)25, a paper by Capt. H. Hill, B.Sc., 
.\I.l.E.E., on " The Engineering Aspect of Telephone Exchange 
, \ccommodation.'' 

12th January, 1926, a paper by W. Layton on "Precision 
Testing in the London Engineering District." 

gth Fehru�n,·, 1926, two papers by Capt. N. F. Cave-Brown­
Caw, lLSc., .\I.I. E. E., on (a)" Testing of Secondar:· Cells," and 
(h) "Torch Blmving Lamps." 

gth l\farch, HJ26, a paper by :Messrs. E. S. Ritter, D.F.H., 
.\.NI.I.E.E., ancl G. P. l\Iilton on the "Testing of Telephone 
Circuits and Apparatus with Alternating Currents." 

rst June, 1926 (Annual General Meeting), a paper by Mes_srs. 
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G. F. O ' del l, B.Sc., ,\.K.C., M.l.E.E., and W. \V. Gibson on 

'' .. Automatic Trunking in Theory and Practice.'' 
.Must of the papers have bet·n recommended fur printing, but 

some time must elapse before the printed copies are available. 

For the corn·enience of members a ty pewritten copy of each paper 
has been deposited \viih the Librarian. 

The subjects fur the Informal .Meetings \\·ere as follows:­
October 27th, i925. Notes un " ,\merican Telephone In­

dustry-an Ou11ine of its De\elopment, Organisation and Con­
trol," prepared by .:\Tr. \V. Day, 1\1.l.E.E. LThese notes have 
been printed in the May, I<)2(J, issue of the Telegraph and Tele­
phone journal.] 

December i5th, H)25. Notes on "Pipe Laying by Magnall 
Irving Thrust Boring ,\pparatus in London," prepared by Mr. 
.\rthur Miller. 

January 1 9th, 1926, \1 as reseffed for the continued discussion 
on Mr. Harvey Smith's paper on " The Problem of Flexibility 111 

Subscribers' Cable Distribution." 
January 26th, 1926. Notes on "Transmission Values of 

Circuits in the London Area," prepared by :Mr. J. S. Elston. 
February 23rd, 1926. Notes on " Minor Staff-Recruitment, 

Training and Advancement," prepared by 1\1r. \V. A. \Villiams. 
[A copy of these notes has been d eposited with the Librarian .] 

Visi!s: Arrangements \\ere made for a visit to the Sterling 
Telephone and Electric Co., Ltd., \Vorks al Dagenham, Essex, 
and to the Standard Telephones and Cables, Limited, \Yorks at 

New Southgate. The development of Automatic Telephones and 
\Vireless Broadcasting made these visits particularly intert>sting 
and it ''as unfortunate that so many of the members who had 
notified their intention of Yisiting either or both of these works 
were prevented by the exigences of their official work. The Com­
mittee would like to take the opportunity of thanking the Manag­

ing Directors and their staffs for the excellent programmes 
nrranged for the Yisitors. 

The mem bers of Committee for the 1926-27 Session are as 
follows:-

Chairman-1\fajor A. G. Lee, l\l.C., B.Sc., l\I.I.E.E. 
Vice-Chairman-1\I r. J. \V. :\ tkinson, l\I. I. E .E. 
R epresenting Staff Engineers at Headquarters -

1\Ir. P. T. \ \� ood. 
Executive Eng i neers-

'.\I r. F. Blick, �\.'.\I.I.E.E., and Mr. J. Cowie, 
M .l.E.E. 

:\ssistant Engineers-

::\Ir. \V. \\'. B. Crompton, ,\.'.\I.I.E.E., and 
Mr. \V. Dolton, M.I.E.E. 
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LUC.\L L'l�NTRE "iOTE5. 

Representing Chief l nspecLors-

" 

" 

" 

:\lr. J. Hargrea n·s, ( \ ac;mcy). 
i nspectors -

.Mr. D. C. i\ladducks, and :\lr. i\. Miller. 
Draughtsmen-

1\lr. H. Taylor. 
Clerical Staff, Lon dun Engi nec·ri ng District­

J\I r. E. T. Larner, c\.l.E.E. 
Engineering Staff, South Eastern District -­

:\lr. \\'.].Jenkins. 
Clerical :-;taff, South Eastern District­

M r. P. J. Dodgson. 
Local Secretarv-.\lr. F. \\". Fridav. 

Un the 11th .\lay, .\lessrs. C. F. O'dt·ll ;tnd \\". \\. Cilisun 
read a paper on ".\utonwtic Trunking in Theory and Practict"." 
The follm\ing is a syn(Jpsis of tlie paper: -Introduction. ])i\n­
g·t·nn· het\\·een tlwory and practice. ])ifft·1T1:tT lwtwt,en manua; 
and auto111atic exchange trnflic. l "se <>r tlw tlwon of prn\J;dJilitir·s 
-its Yaltw and the conditions m·cess;1ry for making best use uf it. 
Traffic carried by e;1Ch s\\·itch in ;1 sirnp!t· hrnup calnilalt"d ;1nd 
111easured. :\lethud of l"Sti111ating theurctically tlit• traffic carried 
by a grading, comparison of this nwtlwcl \\itl1 rt>sults of practict! 
tests. .\letliod of taking records in ;n1to111atic l'xchanges. 

( 1) i\leasurenwnt of ccrngestion or last contact traffic. 
(2) of lost calls or ovt'.rflows. 

(3) nf total calls. 

(4) of traffic carried )J, a group of switches. 
(S) Recording· instruments . 

. \ most interesting· discussion followed. 

SCOTL.\:\D \\"EST CE\TRE. 

Fur our .\larch tixture the lecturer for the day was Captain 
llill, ILSc., .\1.1.E.E., uf the Engirwer-in-Cliief's Staff, the sub­
ject being " Tlw Eng·irwering Aspect of Tl'lq1l10ne Exchange 
.\ccurnrnt)(lcttion.'' Tlw ai t t·nd<trnT \\·as unusu;il\_,. largl', being 
augrnented h_1· \isit<>rs fillrn thl' :-;taffs uf till' J)istrict .\ lan<t g t·rs an;[ 
from tlw Postnwster':-. stall. It i.-; unckrst{)(1d that till' papt·r i:S 

being read lit·f<>n· <>l her l'l'nt rTs, and consl'<im·nt l.1 it is u111wn·s­
sar.'· here to .!2.·u into ;111_1 det<tils <if the suhjec1, lwnllld stating that 
the paper prnn�'l ()i g1T;1t inll'T'i.'St to the :tmlienn·-an interest 
llltll'h enhanced Jn· the st_,·lc of dt'lin'r.1. Tlw clenwncl for copies 
()f t lw p;l]wr cou Id not be met. 

The last item on the programme for Session 1925-26 \\·as 
reached on 19tb .\pril, \Yhl'n three films were shown---
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(1) 
(2) 
(3) 

LOC.\L (E:\TRI·: :\OTES. 

Aiding the ,\rt of English ConYl'rsation. 

Creatino· the Instruments of S1wecl1. 
b 

The A.udion. 

The firs! two films illustrated operations in the manufacture , 

handlinu and laying of cables; also yarious stages in the pro-
b 

·1·1 duc!ion of telephone equipment and \\' i reless A pparatus. 1e 

third film, '' The Audion," illustrated in detail the action tak ing 

place inside the Thermionic \'alve. There \\as a large turn-out 

of members, and of visitors representing kindred institutions. 

The films \\·ere vef\' mucl1 appreciall�d. and the thanks of !he 
local n,ntre are due .!u the knZlers of the lilms, n<1mely, Standard 

Telephone and Cables, Limited (formerly \\ t'Stl'rn Eeil'c!ric Com­

pany, Ltd. ). 

J\Ltn\· memb ers of tl1e Engi neering DqJartrn ent who \\ere at 

une time associated vvith tlw Glasgow Telegraph lnstrument l{uum 

cJ1· 11 hu have in tl1e p<1st IHTl1 attached to tlw Scotland \\'est 
District \\ill regret tu lt,arn of the passing u( tlwir old acyuaint­
ance, John Paxton, \\hose de;1th took plilet' cin tlH, Kth of .\pril. 

i\lr. Pa x t on had been in fo iling health for some considerable time, 
but the encl, when it came, \\'as very u nexpected. 

�lr. Paxton joined the Engineering Department tO\Yards the 
end .of 1902 and was appo inted to I ligher ('Jerica! rank in 1920. 
Ilis death has caused keen regret among his colleagues of all 
ranks in the District with 11 liich he \Yas curnwcted for a period of 
over 24 y ears. 

NORTH \\',\LES CENTRE. 

The f ourth meeting uf the Session \\as held at the Shrewsbury 
Technical School on the 13th J anuary , Il)20, when Mr. A. E. 
Stollard read a paper un "The Relay System of Automatic 
Switching�Private Branch Exchanges." Mr. Stallard traced 
the progress of telephonic communication from the original inven­
tion by Dr. Graham Bell and t'.xhibi!ed a series of slides showing 
early t ypes of switchboards and prncecdcd from this to a descr ip­

tion of the components of the rr�lay automatic system and of the 
design and charac!eristic·s of tlw rt' lay . Tlw paper concluded 
with a description uf the F1l't�t11uod Relay .\utomatic Exchange. 

,\t the fifth meeting 1\l1;cli 11as IH�ld on tlw r st February, 1926, 
Captain Ii. H il l , of the Engineer-in-Chief's Office, read his 1x1per 
un "The Engineering aspect of Tl'l ephunl' Exchange ,\ccommu­
dation . " The paper has already been referred to in these columns 
and it 11 as followed by a n�ry full discussion and a hearty vote of 
thanks to Captain Hill. 

The sixth and final meeting of the Sess ion was held on 
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\\'ednesday, the 1oth uf �larch, when M essrs. R. S. Dacumbe 

and J. T. B. Dunnellan read a paper entitled "Plant Records, 
Their Preparation and t:se." The paper \\as illustrated by slides 
and diagrams and contained a very full and interesting descrip­
tion of the plant records of various kinds which are maintained 
under the ofticia 1 ins! ructions. Slides i llus! rating the oflicial route 
maps, Yandyked plans, cable records, mileage plans, pole 
diagrams, etc., e!c., \\ere l:xhibited and their usefulness explained. 
In the discussion '' hich follo\\Td many complimentary references 
were made tu l lie manner in which the dra\\·ing office work at 

Birmingham is carried out and to the assistance which the very 
complete plant records afford the officers engaged on development 
and rearrangement sche1rn,s. 

The Session "hich has just ended has been a very successful 
one as regards attendance and interest in the papers . The former 
has varied from be! ween 70 to 80 and the discussions have not 

infrequently had to be hastily concluded to allow members to 

catch their trains homeward. 

ROBERT GAlUl:-/ER MA.SA.ROON. 

Rubert Gardner l\fosaroon, who is ·well known throughout the 
Post Office Engineering Department , retired from the position of 

1\ssistant Superintending Engineer of the North \Vales District 
on the 261h January last after 44 yenrs' service to the State in 
various capacities. 

A.fter sen·ing for 1 \\() years at sl'a, during \\ hich li e made the 
famous trip round Cape I !urn tu California and back in an old 
\vind-jamnwr, h e cntncd the Post OHice service ;as a telegraphist 
at Lundondnn in 1882. c\ year later he joined the Telegraph 
Battalion of the l{oyal Engineers, subsequently scn·ing in the 
Egyptian campaign of 1S85. He \\'<IS i1waliclecl home to England 
and continued his military scn·ice in the old Southern Engineer­
ing District. 

l\lr. l\lasarnon's repulation as an efficient administrator was 
such that during the South African war, \Yhen all the Royal 
Engineer officers \\ere \vithclrawn for active seryice , he was placed 
in charge of the Soulh-\Yest portion of the Southern District as 
/\cting Stqwriri tencling Engineer. The manner in which he 

carried out this dmy elicited the special thanks of the Engineer­
in-Chief. 

In 190.+, on the completion of his rnilitarv service, Mr. 

::\Iasaroon \\as appointed ist Class Engineer in the Post Office 
Engineering Department, in \Yhich capacit�· he served at Bristol 
until 1909. \vlwn he \\;1s promoted, after a competi'tive examina­
tion, to the position of ,\ssista11t Superintending Engineer. After 
a short period of scn·icc in T re land he came to the :-Jorth \\'ales 
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District, where he remained until his retirement in J anuary last. 
This, very briefly, is the rPrord of �Jr. Masaroon's meritorious 
career. 

It is no mere platitude to say that Mr. Masaroon's retirement 
J.eaves a distinct gap in the Nor�h \Yales District; and it is also 
regarded as a personal loss not only b�' his engineering colleagues, 
but also by his many friends in other Departments with whom he 
came into official contact . His long and Yaried experience had 
filled his mind with precedents, which enabled him to suggest 

R. ( ; . �l.\S.\l�OON 

ways and means of remm·ing difficulties and getting things done , 

and his chief characteristic in his orticial duties was his readiness 
to place his experience at the sef \·ire of his subordinates of all 
ranks. 

Those of his more intimate collPagues have a very warm regard 
for him for his personal qualities, and they cherish the hope that 
there may be many opportunities of meeting him at \\'eston-super­
Mare1 his cbosen place of retreat, where he will have more leisure 
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to deYote to his ''ell-stocked library, \vhich he has gathered 
together through a lung course of years. 

It has been said that an\· man \\ho has led an actiye life has at 
least one good book in his head if he would only \Hite it, and the 
saying should n�rtainly be true uf �Ir. l\1asaroon, but instead of 
writing a book he prefers to tell his experiences to his friends 
orally, and it is his delightful table-tal k  \vhich has ahrn_\·s made 
him the best of good company. Both officially and personally he 
leaves many pleasant memories behind him. 

,-\t a recent Staff gathering a presentation of a barometer and 
J-YalYe wireless set \\·as made to him, and representatiYes of all 
grades of the staff expressed their hearty good \vishes to him and 
i\lrs. l\Iasaroon for a happy retirement. 

\Ve deeply regret to record the death of l\fr. A. E. Giffen, 
Executiw Engineer, Il anley , \Ybich took place on the Jrd of 
February. ?IIr. Giffen, \\ho had been ill fur some months 
pre,·iously, was 55 years old. He entered the sen·icc as a Sorting 
Clerk and Telegraphist at Glasgow in 1886 and was, later, trans­
ferred to thf' EngincPring Department as a junior c lerk. He 
lwcame, sucressivel _,., Sub-Engineer, Engineer 2ncl C lass, En­
gineer 1st Class, and ExerntiYe Engineer, his various Districts 
being North \\'ales, Ireland, l\Iidland , l\letropolitan Central, 
South l\Iidland, and final l y  again, �Jorth \\'ales , where he was 
Sectional Engineer at Stafford and ffanl l�_,. for on'r 17 y ears. In 
him the Department had a n'ry eflicient and zealuus ofhcer who 
rnmhined wr_,. highl y cleYelopcd powers of organization and 
control \\·ith unfailing courtesy and consideration tmYards his 
subordinates. Tlis personal qualities were appreciated not only 
ll\· his colleagues but by his fellow citizens in the Potteries area, 
\\"here he took a full part in the local Engineering associations and 
in the local and national org;rnizations connected with the church 
to which he belonged. G.R. 

:\TORTIIER� CENTRE. 
On the 17th :\larch Capt. II. Hi l l ,  B.Sc., ?II.I.E.E., of the 

Engineer-in-Chief's Office, deli,·ered a wry instructiYe and 
informatin· lecture on " The Engineering :\spect of Telephone 
Exchange :\ccommodat ion," before a well attended meeting. 
The paper \\ as very \\ell rccci,·ecl and the disrnssion, \Yhich had 
to be nutailecl owing to time considerations, \\·as replied to in a 
Yery abl e  manner. .\ Yote of thanks to Capt. J Iil l  was carried 
\Yith he;1rt\· acclamation. 

The members of the Centrf' \\·ere i1wited b,· The Junior T nstit\1-
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lion of Engineers to a show of films on the 19th l\larch, illustrating 
tlil' manufacture of \l,inis Cars and Dunlop Tyres . 

.:\lr. ]. Il. Bell, .\ . .:\1.1.E.E., of the London Engineering 
District, mnde a \ \Tkonw rt'ttirn visit lo :\ewcastle on the 7th 
.\pril, \\hen he gaYl' a b lackboard :\utomatic lecture, his subject 
being the " Final Selector for P.B.X. Groups." l\lr. Bell is an 
experienced leclurn and emp loys a unique method of illustrating 
his subject by building up diagrams step by step in a simple and 
absorbing manner on the Lih1ckhoard. 

The meeting \\ as ver_\- enjoy able and instructive, and the 
members voiced their thanks to the lecturer adequately. 

The Cc;mmittce for ne�t Session has been selectt>d as follmvs :-­

Chairman-J. R. :\1. E lliott. 

Vice-Chairrnan--F. G. C. Baldwin. 
H. epr<>senting· Exccu!in� Engineers-G. A. Peele 

Clerical Staff-J. A. l\lotyer. 
, , Assistant Engi1wers--( · .  P. Kay. 

(_ 'hi('f I nspl'ctors-\Y. \ Veightman. 
I )r;1ughts11wn - S. J. Millett. 
Inspectors---.-\. II. \\"ade. 

Local Lihrnrian -J. Stark. 
Secn't;1n·-.\. C. Smith. 

I\ORTlI WESTERN CENTRE. 

The closing ml'eting of the F)25-2() Session \\as held in the 
Lecture Hall of the Preston Scicnti li c Society, Fisbergate , 
Preston, on the 29th \larch, ll)1(J, \\ hen a papn entit led " :\mateur 
\\"ireless Stations" \\as read by l\lr. II. ilurnd�s. J . .:\1. 

Shackleton, Esq., :\l. l. I·:. E., the rwwly appointed Su perintending 
Engint>er of the '\'lrth \\.l'Stl'.rn District, prL'Sided and \\as 
accorded an uvati()n u po n ta king the C>air. :\lr. Hurrud�s, in the 
course of �1n inte1Tsti11g papn cleaL chiefiy \Yitli the conditions 
which \vutild likely lw found by an ofticer called upon 10 make an 
inspection of an .\rnaleur \\'ireless Station and touched upon the 
following points : -Perm i ts , .\erials, \\'averneters (Buzzer and 
lieterodyne), Transmi tting Circuits, Receiving Circuits, etc., and 
related sonw actual experiences \Yhich he had had in his capacity 
as inspl'cting officer. The paper \Yas i llustratt'cl b:-· an excelle;l 
set uf lantern slides. 

The I<J25-26 St>ssion hns hl'en most successful. Six meetings 
han' bel'll held, and a visit has also been paid lo the new super 
pO\n'r station of the Pn'st01� Corporation. There has been a nett 
increase of 1 r in the mcm\)('rship during tlw year, there have been 
no resignations and the total of nwrnliership of the Centre now 
stands at ror. Th ere has been a marked increase in the average 
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attendance at the meetings and a point worthy of nwntion 1s the 
helpful discussions \vhich have taken place. 

Local Organization, Session 1926-27 :-
Chairman-]. l\l. Shackleton, Esq. 
Vioe-Chairman-J. Sinclair Terras, Esq. 
Committee-Messrs. vV. ] . Rolfe, vV. Beattie, C. Coward, 

R. B. Austin, E. Hopper, and H. S. Turner. 
Local Librarian-Mr. H. Howarth. 

" Secretary-Nlr. D. Barratt. 

SOUTH LANCS. CENTRE. 
It is with extreme regret that we have to record the death of 

l\Ir. ] . Cardoc Jones, Assistant Engineer, Manchester, in his 57th 
year. 

All \vho knew him during his varied career will regret the 
passing of a highly respected colleague and a well informed and 
zealous servant ot the Department. 

SOUTH \\'1\LES CENTRE. 

ANNUAL REPORT. 
As no District i\otes have appeared in the Journal for a long 

time, I shall be obliged if you will have the following published:­
The local committee for the 1926-7 Session has been elected as 

follows:-
Executive Engineers-1\I r. \;V. Scott. 
Assistant Enginf'ers-lVIr. \V. H. Lane. 
Chif'f Tnspectors-l\Ir. If. \V. Gifford. 
lnspectors-;\fr. S. H. PPmlleton. 
Clf'rical-Mr. A. G. Packer. 
Draughtsnwn--!\l r. E. \V. Thomas. 
Local Secretary- M r. F. J. B. Clarke. 

The position nf Local Sf'Cf('tar.\·, very ;ilily filled h \ · l\'lr. E. C. 
J. Badger, has been relinquished b.\· him O\ \ ·ing· to his retirement 
from the Depart rncnt's sen·ice next ;\ ugust. 

Six mf'Ptings wf'rf' held during the Session 1925-6 ctnd the 
fo llm\·ing papers \H're read:-
" N ot<:>s on Cah le Ba la nci 11 g-.

" :\fr. J. F. St e\n rt, H aHrforchvf'st. 
" The Engineering· ,\spect of Telephone Exchange." Ca pt H. 

I fill , E.-in-C.'s Office. 
"The Training of an E ngineering lnspPctor." �lr. TT. \\'. 

Gifford, Cardiff. 
"Some points on Trunking in Automatic Exchangf's." �1r. 

G. F. O'dell, E.-in-C.'s Office. 
" Inspection of Amateur \Yireless Stations. " �fr. H. R. Somer­

,·ille. E.-in-C.'s Office. 
"Newport RPpeater Station." Mr. S. H. PPndlf'tnn, �ewport. 
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After tlw reading uf the last papn a visit was made to the 
I�epeater St;ttion, "·hich \\aS greatly appreciated hy the members. 

A. HOARE. 

SOCTH �IIDL\::-\D CEYfRE. 

The 57t!t meeting on 31st .March, ll}26, was the first of the 
Centre held in the College after its elevation to the dignity of a 

Cniversity. The attendance numbered 63. 
The proposal of �Ir. Balton that the Vice-Chancellor be con­

gratulated in the name of the Centre on the grant of a charter 
conferring· l-niversity status was Pndorsed by all the members 
present and the Secretar:· was instructed arcordingly. 

!.Ir. H. C. �lcCorrnack then commenced his paper:-
.. Organisation of a Superintending Engineer's Office." 

This \Yas arranged under sen·n headings-historical note, 
accommodation, arrangPment of "·ork, staff provision, training, 
anrnwl leave and inspfftions. The ideals which should be sought 
,,·hen prlwiding or selecting accommodation for a District Head­
quarters were set out and the fittings required for use in the various 
rooms \Yere described. 

Under "arrangement of work" the standard division of the 
funrtions het,veen t lw groups was examined, minor differences 
existing in the South :'.\Tidland District explained and a method 
\vas outlined \Yhich \Yotild reduce the time occupied in dealing \vith 
registered papers. 

\lr. �IcCormack identified himself with the benevolent policy 
of the encouraging angels when criticism of imperfect work was 
justified. 

Substantial economies which have followed the clerical re­
organisation of 1922 were described and the opinion advanced that 
:1n .\rcnuntant or Principal Clerk should be appointed in each 
District ::rnd a second Assistant Superintending Engineer in the 
larger Districts. 

In discussing the training of the clerical force, generalisation 
as opposed to specialisation was favoured and plans for the 
vocational education of the District Headquarters' staff were dis­
closed. 

The paper roncluded with details of the inspecting duties 
handed down in recent years to lower ranks by Superintending 
Engineers and their assistants. 

The discussion which followed did not lack animation and 
although the unprecedented number of nine spoke, several sheaves 
of notes \Vere being waved at the Chairman when, as the usual 
hour of closing the meeting had passed, he asked Mr. McCormack 
to reply. The nme �uccessful in the competition to catch the 
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Chairman's eye were Messrs. Harry, Halton, J. S. l3ro\\n, Lines, 
Roach, Beetlestone, Dwyer, King and Roberts and the lecturer 
succinctly disposed of the many questions asked and views ex­

pressed. 
Mr. McCormack was thanked for his contribution b,· enthu­

siasllc applause. 

se,·enty-four were present at the 58th meeting, the last of the 

1!)25-6 Session which took place on the 28th April. 
The members and visitors stood in silence as a mark of respen 

to the memory of the late Mr. J. H. Thow. nnetime Vice-Chair­
man, and of ;\Irs. Robb, wife of a former Chairman of this Centre. 
Mr. Thow and Mrs. Robb died during April. 

The certificates gained in the r925-6 Essay Competition were 
presented to :-Mr. C. :\. ;\laggs, �\Ir. A. E. Y\'. Maslin, Mr. 
F. \V. Dye, and :Mr. C. L. 'vYicks, the first two of whom had each 
received a cheque at an earlier date. The Chairman, in handin;; 
over the certificates congratulated the staff of the South Midland 

District on its splendid record in gaining 7 out of a total of 20 

awards made in connection with the three competitions held to 
date. 

The paper read at the meeting was entitled:-" The Duties uf 
an Inspector," by ;\fr. F. D. Traviss. 

The lecturer first dealt with the g·eneral responsibilities of 
Inspectors and passed on to give his vie1vs about the training of 
workmen. The U .C.C. and lJ .iVI.C. systems came under notice, 
two posers within the construction costing s_1·srem were enunciated 
and in connection with maintenance the quest iu n of faults \\·as 
discussed. 

The preparation of estimates was described under the headings 
of overhead and internal and the engineering 1rnrk required before 
a new rural exchange was read:· for opening was explained. ;\Jr. 
Traviss dealt 1vith the organisation necessar_,. in arranging for the 
supply of stores for \Yorks and detailed the records set up. 

Advice Note work and pole spottings were touched upon and 
the systPm adopted for the filing of \Y.O's. A. :'\'s and :Yfaps 1yas 
described. The routine of recording, with special reference to 

A.N's route cards and surplus stores, vvas outlined. 
The paper ended with the lecturer's Yie\\'S on the question of 

the grade whom he considered shnu lcl be cmplo:·ed in rhe 
negotiation of wayleaves. 

The las1 minutes of the Session \\ere prnfitabl;., occupied in 
answering the questions put bv :\fajnr Harris, ?Vl\"ssr,:,. SteYenson, 
Peck, Dwver, ·y\T. L. Ta,·lor, Capt. T f ortu n, :\IPssrs. LC\\is. 
Atkins, \\'akefielcl, Halton, C1111pbell and Di('kinson. 

230 



STAFF CHANGES. 

The Chairman, in thanking Mr. Traviss, stated that the record 
number of questions had demons! rated the great interest which the 

· audience h:;td in the subject of the lecture. 
The past Session has been a successful one, the average attend­

ance at the seven meetings has been 64. The number of the offers 
rl'CeiYed of papers to be read during the next Session is most 
encuurag111g. A. vV.L. 

BOOK REVIEWS. 

"Elementan· Electrical Engineering," By 0. R. Randall 
London: Sir Isaac Pitman & Sons, Ltd. Pps. 233. 5s. nett. 

This book should prun· useful to those taking a laboratory 
course in Electrical Engineering. It deals \Yith the subject 
t.'SSentially from a practical standpoint , but contains enough theory 
to make it interesting and intt'lligible "ithuut at the same time 
being too mathematical. 

Useful chapters appear on inst rument s , D.C. motors and 
generators and simple A .C. circuits . The subject of secondary 
cells, hcmcw'r, which nowadays is of special interest to all P . 0 . 

Engineers concerned with the installation and maintenance of 
small power plants receives scant treatment, as do also the chapters 
nn electric lamps and arcs. 

H.C.J. 

STAFF CHANGES. 

POST OFFICE ENGINEERING DEPARTMENT. 

Name. 

Pennington, \V. 

Finlayson, W. J. 

Sharpley, A. J. 

:\Icl\T ullin, J. F. 

(;ibbon, A. 0. 

Fleetwood, H. 0. 

Croker, J. R. 

Escott, H. 

Bedford, J. G. 

'\!isscn, E. 

Chinn, W. E. 

PROMOTIONS. 

Grarle. 

Executive Engineer, 
London District. 

Assistant Engineer, 
N. \Vest District. 

Assistant Engineer , 
E.-in-0. Orllce. 

Assistant Engineer, 
S.\Va. District. 

Assistant Engineer, 
E.-in-0. Office. 

. .. , Assistant EnginPrr, 
Met. Po\\"cr District. 

Assist<int Engineer, 
E. District. 

. \ssistant Engineer, 
S.Lancs. District. 

Prob. Assistant Engr. , 
E.-in-C. OfficP. 

Prob. Assistant Engr. , 
E.-in-C. Office. 

Pro b. Assistant En gr., 
E. -in-C. Office. I 

Promoted to. __ [ ___ vat":__ 
I 

Asst. Suptg. Engr., 18-5-26 
London District. 

Executin: Engineer, 25-3-26 
N .\\'cst District. 

Executiq� Engineer, 1 1-4-26 
E. District. 

Exccuth·c Engineer, h-4-26 
S.Mid. District. 

Executi,·c EnginePr, 3-4-20 
E.-in-C. Office. 

Executi\'P E11gi1wer, To lw 
!\let. Po\\·<·r District. fixed Inter. 

Executi\'c Engineer, do. 
S. F.. District. 

Execut jq• Engint't'r, do . 
S.Lancs. District. 

.\ssistant Engineer, r-4-26 
E.-in-C. Office. 

:\ssistnnt Engineer, 
E.-in-C. Offic<» 

.\ssistant EnginePr, 
E.-in-C. Office. ---------
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Name. 

Romain, W. A. B. 

Keir, A. D. 

Parker, T. 

(;reen, H. W. 

Richards, T. 

Luxton, W. (; . . .. 1 
Turner, H. 1\1. 

Swift, R. E. . .. 

Kno\\·ers, A. 

Hrett, s. I. 

Potts, E. 
Chew, w. G. N. 

D. V. :::i 
···I 
... \ Franklin, R. H. 

Berkeley, G. S. 
Hibberd, W. A. 
Harvey, E. D. :::\ Phillips, R. S. . .. 1. 
Ackerman, II. l\T. \V .... 

;::::,,''.I.AF :1 
Murphy, J. C. ··" 

Blackman, R. \V. 

Thorpe, L. 

Allen, J. L. 
Lock, G. R. 
Stead, A. D. 
Sandford, W. H. 
Wallis, H. W. 
Eaves, A. 
Seach, G. E . ... 

r;ilbert, F. W .... 
King, R. R. 
Partington, B. G. 

�fame. 

Richards, E. M. 

Stratton, J. 
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PROMOTIONS�continued. 

Grade. Promoted to. I 

Chief Inspector, 
London District. 
Chief Inspector, 
Scot. E. District. 
Chief Inspector, 

--1 
Assistant Engineer, 

London District. 
.\ssistant Engineer, 

Scot. \V. District. 

N. E. District. 
Chief Inspector, 
N.\Va. District. 

S.W.1, 
N. District. 

Prob. Inspector, 
E.-in-C. Office. 

!'rob. Inspector, 
S. Lanes. District. 
Prob. Inspector, 
E. -in-C. Office. 

Prob. Inspector, 
E.-in-C. Office. 

l'rob. Inspector, 
London District. 

" 

Prob. Inspector, 
E.-in-C. Office. 

" 

Prob. Inspector, 
London District. 
Prob. Inspector, 
E.-in-C. Office. 

Prob. Inspector, 
London District. 
Pro b. Inspector, 

London District. 
S.W.1, 

London District. 
S.W.1, 

Scot.W. District. 
S.W.1, 

E.-in-C. Office. 
S.W.1, 

S. E. District. 

" 

S.W.1, 
E. District. 

" 
" 

S.W.1, 
S. Lancs. District. 

Assistant Enginc'cr, 
S. E. District. 

Assistant Engineer, 
N. Wa. District. 

Inspector, 
N. District. 

Inspector, 
E. -in-C. Office. 

Inspector, 
S. Lancs. District. 

Inspector, 
E. -in-C. Office. 

Inspector, 
E.-in-C. Office. 

Inspector, 
London District. 

" 
Inspector, 

E. -in-C. Office. 

" 
Inspector, 

London District. 
Inspector, 

E. -in-C. Office. 
Inspector, 

London District. 
Inspector, 

London District. 
Inspector, 

London District. 
Inspector, 

Srnt.W. District. 
Inspector, 

E. -in-C. Office. 
Inspector, 

S. E. District. 

" 

" 

Inspector, 
E. District. 

" 
Inspector, 

S.Lancs. District. 

APPOINTMENTS . 
Grade. 

Probationary Assistant Engineer, 
Testing Branch . 

Date. 

To be 
fixed later. 

do. 

do. 

16-11-25 

12-1-26 

12-1-26 

12-1-26 

12-1-26 

12-1-26 

12-1-26 
12-1-26 

12-1-26 
12-1-26 
12-1-26 
12-1-26 

12-1-26 

12-1-26 

12-1-26 

28-2-26 

18-4-26 

1-3-26 

17-2-26 

22-6-25 
8-3-26 

14-12-25 
17-5-26 
24-5-25 
14-5-26 

1-2-26 

26-1-26 
20-3-26 

19-10-25 

22-3-26 



Name. 

l\IcCormack, W. 

Jackson, J. M. 

Snell, W. S . ... 

Name 

Whitehead, J. 
Brown, J. S. 
Fraser, A. 
Barradell, D. 
Sargeant, A: J. 

Name. 

Thaw, J. H. 
Jones, J. C. 
.\ntliff, A. E. 
Barker, ,V. L. 
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TRANSFERS. 

From 

... ' Executive Engineer, 
S.Lancs. District. 

Assistant Engineer, 
E.-in-C. Office. 

Assistant Engineer, 
E.-in-C. Office. 

RETIREMENTS. 

Grade. 

Executive Engineer, 
... 1 Executh·e Engineer, 

... i 
I 

Executive Engineer, 
Chief Inspector, 
Chief Inspector, 

DEATHS. 

.. I Asst. Su pt g. Engr., 
I Assistant Engineer, 

Inspector, 
Inspector, 

I 

To. 

Executive Engineer, 
S. E. District. 

,\ssist ant Engineer, 
N.W. District. 

Assistant Engineer, 
S.W. District. 

District. 

Eastern District. 
S. Mid. District. 
E.-in-C. Office. 
S.E. District. 

London District. 

District. 

London District. 
S. Lanes. District. 

S.W. District. 
London District. 

CLERICAL ESTABLISHMENT. 

APPOINTMENTS AS CLERICAL OFFICER. 

Date. 

To be 
fixed later. 

14-3-26 

16-5-26 

Date. 

31-3-26 
31-3-26 

2-4-26 
29-4-20 
28-5-26 

J)ate. 

22-4-2Ci 
27-3-26 
30-4-20 
28-2-26 

N:imr. ----1 District. 
i� 
i 

llate. 

Griffiths, W. J . ... 
'Vheater, J. 
O'Carrigan, J. T. 
Laird, D. S. 

Name. 

Tennant, T. M. 

lmpdt, C. W. 

Name 

Fisher, H. G. 
Tackson, R. 
Bell, A. 
Paxton, J. 

Bowkett, C. 

I South Western. 
North Midland. I 

i 

23-2-26 
21-3-26 

7-3-26 
2 1-3-26 

London. 
Met. Power. 

I 
PROMOTIONS. 

Grade. 

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

Clerical Ofliccr, 
E.-in-C. Office. 

Promoted to 

Staff Officer, 
E.-in-C. Offie<'. 

Exccutil·t· Oflic,,r, 
F.-in-C. Office. 

RETIREMENTS, ETC. 

Grade. 

Staff Officer. 
Clerical Officer. 

" 

Higher Clerical 
Officer. 

Clerical Otliet·r. 

J Distiict 

E.-in-C.O. 
London. 
Scot.W. 
Scot.W. 

N.Wales. 

T>ate. 

30-4-26 
13-5-26 
25-3-2() 

8-4-26 

5-5-26 

Date 

1-5-26 

1-5-26 

Ren1arks 

Retired. 
" 
" 

Deceased. 

" 
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Dry Core Cables 

Nothing in the world is infallible, but you 
get very near to infallibility when you 

Let 

HENLEY 
CABLES 

carry the current. 

We manufacture every type of Aerial 

Cable-Bare, Single, Double and Triple 

Braided, vvith ordinary compounding 

or our special long life ·• Endural" 

compound. 

W. T. HENLEY'S TELEGRAPH WORKS COMPANY, LIMITED. 

HOLBORN VIADUCT, ·; LONDON, E.C.1. 
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ONLY ACCUMULATOR 

PLATE-GRIDS MADE 

IN 

OF 

WORLD 

LEAD 

THE 

PURE 

with the Plate Grids Die Cast and Pasted entirely by machinery. 
Without Wood Separat�rs or Celluloid. eliminating internal 
resistance and heat which shortens the life of other makes of 

plates, and creating constant trouble. 

R
OBUST Machine-made Plates permit charge and Discharge at Continuous 

High Rates with Safety. No possibilities of the Flates Buckling 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 is 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 l:e 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. Vv'hen 
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 communicatL:ins to the Distrib'.ltors' Offices and Showrooms : 

TUNGSTONE ACCUMULATOR CO., LTD., 

3, ST. BRIDE'S HOUSE, SALISBURY SQ., FLEET ST., LONDON, E.C.4 
Telegrams: ''Typify, Fleet, London." Telephone: Central 8157 (4 Jines). 

SOL'D BY ALL 'DEALERS. T,24 

Series of 1-'atcnt UesiJi;ns and Trade Mark lssucd or Applied for in the Chief Countries of thl.'. \Vorld. 
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R•m.•V 
AUTOMATIC 

TELEPHONES 

QUETTA PUBLIC EXCHANGE BUILDING 

India's Tribute 

T
HE following letter has been received from the 
Office of the Deputy Postmaster-General, Sind 
Baluchistan :-

" I am completely satisfied with the Quetta Ex­
change. It has given no trouble whatever, and the 
opinions of the Subscribers whom I have asked about 
the service are unanimously favourable. I congratulate 
you on the successful installation of an excellent 
system." 

_ The " Relay " system is unique-it employs no 
.electro-mechanical switches, but is constructed entirely 
with relays of special d�sign and manufacture. It is 
practically silent and motionless, and is immune from 
troubles clue to dust, heat, vibration, etc. There is 
no wear and tear, and maintenance is reduced to a 
m1111m um. 

" Relay " installations have been supplied to r8 
Governments and administrations and more than 150 
installations have been supplied to the British Post 
Office. 

· 

Write for fully illustrated technical booklet No. 9. 

THE RELAY AUTOMATIC TELEPHONE CO., LTD., 

Marconi House, Strand, London, W.C.2. 
Branches :-Birm'1:ngham. Cai·diff, Glasgow, Manchester Representatives all over the world. 
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PEEL- CONNER 
" '  LONO- LIFE 

CORDS 

, ,  

The economics of the telephone cord, whether for the 
subscriber's set or the switchboard, provide a useful field for 
study by the telephone maintenance engineer. 

There is much more in the subject than at first sight appears. 
When tendered prices are under consideration prior to an order 
being placed a leaning towards the lowest price must very 
generally be felt. There comes into play, howeveP, the main­
t·enance cost, often considerable, of sending a mechanic to replace 
or repair a worn-out cord, and also the great damage to the 
reputation of the service resulting from the trials of the subscriber 
in the period during which the cord by " scraping " and " cut 
offs " is fitfully announcing its approaching end. 

The greater the useful life of the cord the less frequent these 
two burdens become, and the resulting reduction in the annual 
maintenance costs and the improved relations with the telephone 
using public will many times outweigh the slightly greater first 
cost of the " Long-Life " cord. 

For over four years tht: Peel-Conner " Long-Life " cords 
have been used by many telephone administrations all over the 
world. Even in tropical countries there are administrations that, 
having tested and proved the merits of our " Long-Life " cords, 
have settled on their use as the standard for the future. 

Quotations and full details of Peel-Conner " Long-Life " 
Cords and Cordage will gladly be furnished upon application 
being made to either of the addresses below. 

----···-·--·-·---···---·-------- ·----····-·--···-·· ·---·------

PEEL-CONNER TELEPHONE WORKS 
(Proprieto'rs-The Genera! 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: 
Pee!contel, Westcent, London." 
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Half a century's 
• 

experience 

is built into every yard of Trunk Telephone Cable 
manufactured and suppied by us. 

That such experienc� and the articles produced 
creates confidence among buyers is proved by our 

constantly increasing business in this direction. 

The efficiency of the National Telephone service 

depends largely on J. & P. Cables because ·they 

are used in constantly increasing quantities, and 

that they are so used should influence larger and 

more frequent orders from the Dominion and other 

authorities. 

It should influence you to a favourable considera­

tion of the Cable distinguished by that "little 

more" in quality which means so much in service. 

JOHNSON & PHILLIPS, Ltd. 
Where· the Cables come from. 

Charlton, London, S.E.7. 

Home Branches­

London (City), 

Birmingham, Bristol, 

Cardiff, Glasgow, 

Liverpool, Manchester, 

Newcastle-on-Tyne, 

Portsmouth &: Belfast, 

Overseas Branches 
and Agencies at-

Sydney, Melbourne, 

Rio de Janeiro, Calcutta, 

Bombay, Madrid, 

Wellington (N.Z.), 

Johannesburg, 

Durban and Singapore. 

Printed by BntcH & WHITTINGTON, Epsom. and 
Published by TnH ELECTRICAL REVIEW, LtMITHD, at 4, Lud1?ate Hill, London, E.C. 
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