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THE PASSING OF THE BAUDOT SEXTUPLE DUPLEX. 

A. C. BOOTH. 

T

HE last few months have seen the 
replacement of the Baudot Sextuple 
Duplex sets which have worked so well 

on two circuits between London and Birming­
ham for the last twelve years. On these two 
circuits were obtained some very noticeable 
results, which are hardly likely to be excelled or 
even equalled by any other system. On the 
5th February, 1915, one of them dealt with more 
than 8,ooo messages in the day of about 12 
hours, and passed 849 messages in one hour. 
For this reason it is a great pity to see such 
useful apparatus withdrawn from the service. 
It has, however, more than justified its installa­
tion as it was brought into use at a time when 
there was a rather strong opposition to the intro­
duction of the Duplex Baudot system, and there 
was considerable difficulty in keeping the Quad­
ruple Baudot sets in service. The Sextuple 
Duplex \vas therefore installed and given close 
supervision for a month. The results obtainer! 
were excellent and from that time forward there 
was little or no trouble with any Quadruple 
Duplex set. Although the Sextuple sets were 
fitted rather for demonstration purposes, the 
results obtained were so good that they were 
allowed to remain in use. 

The reason for the change that has now been 

VOL. XX. 

made is due partly to the reduction in the 
amount of Telegraph traffic to be dealt with 011 
this route, and partly to the economy arising 
from the use of Keyboard Perforators, which 
enable a higher speed of working to be obtained. 
The London-Birmingham service is now given 
by two circuits, each equipped with four duplex 
rhannels fitted with Keyboard Perforators and 
Transmitters, and each working at a speed of 35 
words a minute and giving a maximum output of 
qo words a minute each way on each circuit in­
stead of 180, thus saving 4 operators at each end. 

The new sets are not Quadruple Duplex but 
Quintuple Duplex with the fifth pair of channels 
available for use as an extension to another 
circuit. It is proposed to make an extension to 
the fifth pair of channels on the London­
Brighton Quintuple Duplex circuit, which is 
also working with Keyboard Perforators at 35 
words a minute. 

At present the fifth channel on the London­
Birmingham circuit is being used by the Diri­
geurs for speaking purposes, utilising the spare 
receiving instrument and an ordinary s-key 
Baudot sender at each end. No difficulty has 
been experienced in operating the s-key sender 
at the higher speed of 2 IO cadences instead of 
the usual 180 a minute. 

L 
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THE TELEPHONE AND TELEGRAPH SYSTEM OF NEW DELHI. 

N. F. FRmrn, B.Sc., A.D.E., TELEGRAPHS. 

L
OCAL TELEPHONE SYSTEM.-The 

new capital city of India at Delhi, now 
nearing completion, has been built to the 

south of the old city and contains the large 
buildings of the Government Secretariats, 
Government House and the Council Chamber, 
as well as residential and shop areas. The com­
plete telephone system for the whole of the new 
city was designed in 1923 and installed as the 
city was being built. 

To carry the New Delhi telephone load it was 
decided that a main automatic exchange should 
be installed in the ne\\ city, and that a second 
exchange of a similar type should replace the 
manual C.B. exchanges which had hitherto 
served the old city and temporary government 
buildings. This scheme has been carried out; 
Raisina exchange in New Delhi, Lothian ex­
change in the old city and a third small exchange 
at New Cantonments, five miles away, now 
comprist> the local exchange system. 

[,ocal Exchanges.-Raisina exchange is of the 
automatic switch t_,·pe supplied by the Peel 
Conner Telephone \V orks, with 1500 lines 
equipped and with an ultimate capacity of 3000 
lines. It has been installed in the North mock 
of the Secretariat buildings and was brought 
into service in September 1925. The distribu­
tion frames and switch bays occupy two large 
rooms on the ground floor above the power, 
cable, and battery rooms in the basement. 

A feature of the exchange construction to deal 
with local conditions is the provision of double 
doors and a special dust trap ventilating system 
in the switch room, which serve as a protection 
against the severe dust storms often experienced 
during the hot weather. The switch bays are in 
addition enclosed in dust-proof cabinets. 

An exceptional requirement, probably almost 
unique in telephone practice, results from the 
Headquarters of the Government of India mov­
ing to the hills for the hot weather. As a result 
of this, the number of subscribers in R aisina 
exchange suddenly increases by about 300 % 
every year in October and falls away again in 
April. Coupled with this is the exceptional use 

made of the telephone. \Vith the advent of the 
Government to Ne\Y Delhi, with their office 
esJablishments in several buildings, the tele­
phone is invaluable, as will be seen from the cold 
weather busy-hour calling raJe, "-hich is approx­
imately l. 7 calls per subscriber. On the whole, 
considering the difficulties ,,hich have to be 
encountered, complaints are very few and the 
exchanges deal very satisfactorily with the 
volume 'of traffic. 

Lothian exchange, 47 miles from Raisina, in 
the old city is of the same type as Raisina and 
is equipped for 1500 lines, 3000 lines ultimate. 
The exchange is housed in a building built for 
the purpose and deals "·ith Jhe commercial and 
residential areas in Old Delhi, most of the sub­
scribers being Indians. 

These Jwo main exchanges work intercon-
1wctcd, H.aisina working on the two, three and 
four. thousand, and Lothian <in the five, six and 
sevt'n thous:1nd groups. 

FeaJures of interest in Jhe exchange operation 
are that the switches are required to work m·er a 

temperature range of from anout rno° F. in the 
hot \watlwr to -t-<P F. in the cold \veather, 
whilst, during the rainy season, the humiditv 
rises from 25% to 85%. During the hot 
weather, as is usual with automatic exchanges in 
India, to avoid expansion troubles it is necessarv 
to make provision for keeping the switchroom at 
as low a temperature as possible. 

No dialling tone is used, and a " disconnect " 
tone interrupted l 20 times per minute is used for 
" busy " services. 

The provision of a good exchangp earth is 
always a matter of difficulty in India, and especi­
ally so in New Delhi where Jhe New Citv has 
been built on the rocky Ridge of historic

-
fame 

(the rock_,, nature of the ground can be seen in 
Fig. 2). Raisina exchange has therefore been 
earthed to a near-by \veil in which there is a 

permanent supply of water. 
The third exchange of the system at New 

Cantonment is a Relav Automatic P.A.B.X. 
plant, converted for use as a public exchange, 
with 30 lines equipped and 60 lines ultimate. 
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This i connected by C:lble anti O\·erhead junc­
tions to Raisina and \\"Orks inlo the Delhi sysLem 
by the u c of an initial digiL-8. 

In addiLion, iL may be remarked that all the 
exchanges of l\e\\" Delhi \\"Ork unattended at 
night, "·hilsL th :'\e"· CantonmenL xchange is 
\\"Orked entirely unattended, with only periodical 
maintenance visiL . 

Before the oprn i ng of the new Lelephcme 
syslem in St'pi em ber 1925, steps were taken to 
educate the public in the use of automatic tele­
phones. Inst rurt ion tents were erected in 
\'arious parts of the old city and titted with 
instruments to enable intcre ted persons to call 
from one tent to anotlwr 7.:ia tlw auto e'change. 
This "·as found lo be :1 grl':lt help in bringing 

Fu .. l. T�·1 �1·11uNF C1111 F�. 

the S\·stem into scn·ice and prt)\ «'c.I a big factor 
in enabling ;1 \'1·r.' successful cul m·N tn auto­
matic working to be made. In sen·ite the auto­
m:ltic exchange system has pro,·cd very success­
ful and it appears to be partirnlarly suitable for 
gi\'ing tl'lephone sen·ic1' in t lw rnnditions met 
\\"ith in India, and Indian subscrilwrs greath· 
appreciate its rapidit.v and atcuracy. 

Local f)istrih11tio11 Sysle111.-£n the ne\\" ciLy. 
the distribution from Lhe exclrnngc is, with the 
exception of the linal distributing points, carried 
entire!.'· underground in armoured L . .  P.C. 10-
lbs. conductor cnbles. The cables (Figs. I and 
2) are laid direct in the ground but, ho,,·e,·er. 
surrounded with a bed of river sand to form 

sum· protection against Lhe impregnated soil. 
Joints are enclosed in bitumen-filled brick 
chambers and marked above ground by special 
st on ,s indicaling the cable number and position 
of the joint. The final distribution poles are of 
the usual Indian I ramilton steel tube pattern 
and arc litted with fu e and lightning arrestor 
protection againsl the heavy thunderstorms ex­
pcri nerd in [ndia. It may be intere ling �o 
mrnlion here lhaL with the Departmental stan­
ck1rc.I pattern of l lamillon tubes po ts can be 
built from 16 feet to 26-1- feet high. Of the 
series of lubes, the first fi,·e ections, each 8 feet 
in length, are tapered and made of rolled steel 
sheeting. The e tubes are so designed that the 
llH1·cr portion of each tube is a driving fit on to 
till' 11pper portion of tlw next in the series. The 

Fu:. 2. T�:1 1'l'llONE CABLES. 

subsequent sertions are from 8 lo to feet in 
h,ngt h and arP fbngPd to admit of their being 
bol1rd togetllPr. 

In Lhe new ci1v the final overhead lines in 
most cases radiate from circular pole brackets ro 

tiw surrounding substribcrs' premises. 
The large govC'rnment buildings of New Delhi 

have been fitted with an extensive system of 
block wiring distribution. L . .  P.C. cable is 
used from the exchnnge to the distribution boxes 
and V.LR. pairs cnrried in insulated steel con­
duits pro,·idc the leads to the telephone points, 
the cables and conduits being installed in a 

trough system used nlso for the electric light 
:-ind power dis1ribu1ion. to-i.o subscribers will 
b(' provided for in this manner. rn addition to 
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the telephones, the wiring s_,•stem in the large, 
buildings is used to provide circuits for a large 
electrir clock syslP111 nnd for the operntion of 
automatic di\'ision bells in the Legislatin' 'oun­
cil Chambers. It is intere ting to note that 
nearly IO miles of conduit ha,·e been installed in 
the thrt>e main buildings. 

The cable srhemt> has, of course, to providP 
for the annual load variation and in addition !s 
designP<l to meet an�· hPa\'�' dPmand arising from 
futurt> durlxirs and largP Go,·ernment functions. 
The New City rablC' network contains roughly 
25,000 miles of conductors. 

Long Distance .')ystcm .-The trunk exchange 
and rPntrnl IPlf!grnph onirP in <'w Delhi are 

• 

Fu:. 3. TRUNK l.1Nll. 

located in thP main TPlf'graph Department 
buildings a mile or �o to thf' north of tlw main 
governm<'nt buildings. 

The onl_v large ovcrhead line allowed to be 
erecll'<l in the n<'w citv tPrminates nt tllf' telf'­
graph buildings and rarriPs the trunk and long 
distance telegraph lines on open wires to the 
office (Fig . 3). horter and le s important lines 
n.re brought into the rity in underground cables. 

Tr11111l Exchange. - The trunk exchange 
switchboard (Fig. 4), also supplied by the Peel 
Conner Telephone \Vorks, contains the trunk 
operating positions and n.lso the record and 

enquiry positions for the local telephone system. 
The board is of a rordless type and has been 
modilied to work on an automatic selection 
schenw, using relay equipment of the Peel­
Conner North Electric variety. Present equip­
ment provide::. fnr 20 trunk lines and IO out­
going junctions to Pach main local exchange, 
"·ith an ultimate cnparity of -lO trunks without 
requiring switchboard extension. 

Cenlrn/ Telegraph Oflici>.-The telegraph 
plant 1i111·d in the largt· Ct>ntral TPl1·graph Office 
(Fig. 5) includes closed circuit, l\lorse duplex, 
Baudot and l\lurray machine telegraphs. The 
office has bt>Pn designed in accordance with 
1\nwricnn prarticf', th<· l\1orse circuit equipment 
nc1twll.' fillt>d on thP of1ic1• tables being confined 
to 1-wys ::tnd snuncl1•rs onl:-. \\'ith a push button 

-

alarm communicating \\'ith the test room which 
rontnins the rC'maining apparatus. 

The offirf' wiring is rarried to the tables 111 

I roughing. 
The lighting, fan and heating installation of 

the office and the telegraph buildings was carried 
out, as usual, dep:irtmentally. Insulated con­
duit is used to carry the wiring. In the tele­
graph office, st>mi-indirect lighting has been 
t>mployed nnd when the office is full forty-iour 
200-wntt light points and 88 fans will be in 
service. Somf' 2.:J. K.\\. of heating current will 
be required during the cold weather. 

Test Room.-This room, situated between the 
trunk exchange and the telegraph office, is 
equipped for testing and controlling all trunk 
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line and telegraph apparatus. lt rnnlains the 
cable terminations, distributing frames, trunk 
and telegraph test s\\'ilchboards, l\lorse board, 
duplex apparatus, baller.'· supplies and tele­
phone repeaters. }dost of the apparatus of the 
room was designed and built locally (Figs. 6 

and 7). 
The trunk test board is of lhe break-jack type 

and is equipped for composite trunk line work­
ing. The telegraph test board and l\lorse board 
are also uf the break-jack type, " patch " cords 
and jumper lields providing cross-connecting 
facilities _and nexibility of apparatus. The 
circui1 and jack s.1·stems are so arranged that 
any duplex set can work on an.1· line or on any 
position in the telegraph office, whilst additional 

Fie. 5.-CENTRA1. T1,1 t:c1<A1·11 OFFll:E, NEw DEL111. 

Photo taken al night. 
Shows arrangement of light,. fan; and t:ibles. 

facilities are arnilable, such as the " patching · ·  

10gether of any two duplex sets 10 form a duplex 
repeater. Small lou.11 telegraph offices in the 
Delhi area which 11·ork duplex 10 distant stations 
also use the central oflice duplex sets, the local 
office being equipped only with key and sounder. 
A feature of this arrangement is 1he saving of 
batteries and set main1enance and 1he conse­
quent higher standard of working resulting from 
the better control which can be exercised over 
the sets. 

From the experience gained of the test room 
working it is rrn11· n111te111plated 10 wurk the 
Baudol and Murray sets on thf' samf' princiRle, 
the office instrument tables being only filled with 
the keyboards and printers, and it is anticipated 

F11:. 6. TE�r RO<>M, NEii" 01;1.111. 

Show' Tt·'t ;111d il<r'<' ()o;ird, inco111ing C:11,1e,, 
�I. D. F. :ind C1)111po,i1r Apparatus Rad<. 

that the better rontrul obtainable with thi,; 
sysrem 11·ill grea1ly increa::;e the efficiency of thP. 
11wd1i11e telegraph operation. 

In 1he 1es1 room, all batlery taps are protected 
11"i1h resistances and heal coils on a battery tap 
rnck ; ut her racks rn rry the composite sets, com­
posite ringers and telephone repeater balancing 
ne11rnrks. Bat 1er_1' power is also supplied to the 
l{ailll"ay and Irrigation Canal Telegraph sy�Lems 
from the Central Office plant and has resulted in 
considerable s�n·ing, as batteries previously 
maintained by the department in the e offices 
h;we been eliminated. 

Fu�. 7. TE"r RnuM. Ni;w DE1.111. 

Show� "1",•,L and �lur-..· Huard, D11pl1'.\ S1•h, Curd Circuit 
Repealer>, Battery Tap Rack and 1.D.F. 
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Such concentration of apparatus in one room 
under the control of a technical staff, apart from 
the telegraph office and lrun k exchange stafT, is 

.... 

F11;, 8. l'cJ11·1m RooM, t '.T.< > . . Ni;w DE1.111. 
J\lotor-gP11rr:1ton. :11111 S11·itd1ho"rd. 

a ne"· departure in Indian practice and from rhc 
cxperir>nce wh ich has �1lread_" been gained it 
appears lo be a long stride forward in the direc-

1ion of imprO\·ing facilities for telegraphic com­
munication in 1 ndia, <incl \\·hen other offices have 
been fitted 111 a similar manner eYen further 
11d\ ·an tages 1\·ill bf:• c leri\ · ed from this new 

\.'·stem . 
The pO\YC'r room nf thC' main t elegraph build­

in t!' is shuwn in Fig . 8 a nd contains the motor­
g<'ncralor sPl!'l for ballt·r.1 charging, control 
S\ritrhboards and ++o-\·olt D.l'. power supply. 
Tlw tPil'gr;iph :-,witchb\larcl littings include a 
hatti;>r_1·-rc•\Tl'!'lin!-! !'>\\ itd1 nf ;1 radial pattern and 
llw clwrging· :t11d clisd1;1rge switches. fuses, etc., 
fl)r thl' telrgraph and 13auclnt motor )Jatleries. 
On thr tdrplionr p;1nels ;m' mounted the switch­
gl'<1r and insln11m·nh (If trunk exchange 
battvries ;incl rcpratc:r hattPries. 

It \\ill of ruursl' lw rcalisl'd that 111 this short 
<ll•sniptiun it is irnpos:-,ihl<· to enter into much 
dC'tail (lf thr d ·sign and ('ircuits of the telegrapl1 
;111cl t l' k·phunl' plan 1 or the spet·ial cli fficu It ies 
11ften met with under Indian conditions. lt is 
hoped, hm1·e\·Pr, that enough has been said to 
show 1 lw1 1 he TC:'legra ph Department has 
::tltrmptecl to prnvidl' telegraph and telephone 
f:wili1ies worth_v of the new Capital City of the 
Indian Empire . 

FED ERA TED MALAY ST ATES. 

REPORT ON THE POST A D TELEGl�APLJS DEPART� l EN T FOR 
THE YE,\R i926. 

T
UE follow ing exLracts frolll the report of 
the Secretary for Postal Affairs, Straits 
Seu lements and l� ederated J\lalay States, 

may prove of interest:-
Telegraphs .-During Lhe year ..j.65,516 tele­

grams were despatched and 509,522 \\'ere 
deli\·ered, increases of 52,00-i. and 58,004, respec­
tiveh-. The reYen ue derived from telegrams 
was 

.
$-i.55,579. The reYenue shows an increase 

of $ 1 13,562 as compared with 1925. The value 
of telegrams sent free of charge for other 
Government departments was $51,337, an in­
crease of $1,366. 

Telephones.-The number of subscribers to 
the t elephone exchange on the 31 t December 
\\·as 3,-i.50, an unprecedented increase of 623, 
i.e., 22 per cent. during the year. In addition 

Lhere were 1,598 extension lines, extension bells, 
pri\ ·a1 e cinuns. pri\·a1e bell or alarm circuits 
and tell-tale clock circuits Illaintained by the 
dl'p<trtment, as co111pareJ wiL11 1,-1-01 in 1925. 

The re\· en ue deri \ ·ed from telephones was 
$90+511, an increase of $107,729 or nearly 30 

per cent. over 1925. The trunk revenue 
amounted to $177,253, 30 and 8-t per cent. 
higher than 1he 1925 and 192-i. figures, respec­
tively. 

Five ne\\ ' public telephone exchanges were 
ope1wd. l ncluding the sub-exchange at �lax­
\\·ell's l lill there are now -1-2 public exchanges in 
the Federated �Jalay tales. 

Public call boxes are a\'ailable at So post 
offices. 

On the 31st December there were 70 applicants 
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awaiting connection to the telephone system, all 
very recent applications except for one or t\vo 
long circuits. 

The resources of the department were again 
strained tu the utmost in its efforts to meet the 
demand, and there \\ere periods of anxiety as to 
whether equipment could be obtained from 
England in time to meet public requirements. 
The coal strike seriously delayed delivery of 
materials and equipment, and as a result at the 
end of the year many items on order from the 
Crown Agents were still outstanding. 

Traffic records taken quarterly during the year 
show the average number of calls per day direct 
exchange line to have been 12.3, an increase uf 
1 1.8 per cent. on 1925. Lt is estimated that the 
total number of calls originated in 1926 was 
approximately 11,400,000, of which 210,000 were 
junction and 1,200,000 trunk cails. The aver­
age number of originated calls handled per day 
was approximately 39,000, of which 720 were 
junction and 4, roo trunk calls. 

A development study of the Kuala Lumpur 
Exchange Area has, amongst other preliminary 
work, been completed during the year. Traffic 
investigations relative to the proposed Malayan 
Trunk Scheme, which is also referred to under 
Engineering, have been delayed by pressure of 
other work arising from the rapid gro\vth of the 
system during the year under review. 

The exchanges at Kuala Kangsar, Kulala 
Lipis and Parit were temporarily closed for a 
few days at the end of the year on account of the 
floods. 

During the year the subject of " party line " 
telephones has been pursued and a promising 
adaptation of machine S\Yitching equipment ·s 
under consideration with a view to trial of the 
system in the Federated J\Ialay Stat�s. 

The question of utilising wireless transmission 
as a telephone link between exchanges to be 
established on the east coast anu the main trunk 
system has been actiYel y followed up during the 
year and comparisons of the costs of the various 
alternatiYes proposed are now in hand. 

Engineering .-On 3 rst December there were 
2,618 miles of telegraph and telephone lines and 
19,861 miles of overhead wire in the Federated 
Malay States, of which 16,872 miles were tele­
phone wires. In addition there were 79 miles of 
underground cables containing 7,774 miles of 
wire single line. These figures do not include 

the poles and wires maintained by the Railway 
Department for their own use. The Posts and 
Telegraphs Department also owns and main­
tains 122 miles of line and 422 miles of wire in 
J oho re. lt also maintained in addition to its 
U\\n Imes d miles of pole line for Kedah, 339 
miles of wire for J ohore, and 23 miles of pole 
lme in Dindings. 

The work ot laying underground cables was 
in progress in Kuala Lumpur throughout the 
year, partly replacement of faulty cables and 
partly additional cable for development. New 
underground cables were also laid at Bahua, 
I poh, Kam par, Kuala Kangsar, Kuala Kubu, 
Kuala Lipis, Port Swettenham, Basa, Raub, 
Rawang, Rembau, Semenyih, Sitiawan, Taip­
ing and Teluk Anson. 

Much damage was done by the serious floods 
experienced at the end of December to telegraph 
and telephone pole lines and plant in the valley 
of the Perak River and throughout Pahang. 
E. uala Lumpur exchange building was again 
flooded but the precautions taken during the 
year proved adequate lo prevent serious intei·­
ference. The exchange \Yas without external 
electric power supply for several days, during 
\\ hich period batteries were kept charged by 
means of a petrol motor engine taken from a 
condemned motor mail van. At Ipoh the only 
telephone damage was the submersion of a small 
quantity of subscribers' apparatus. At Kuala 
Kangsar the water rose to the first floor of the 
post office and submerged the telephone ex­
change entire] y. All subscribers' apparatus in 

• the town was also submerged, and nearly all the 
overhead wires were broken down. Most of the 
underground cables withstood the flood and the 
exchange system was in consequence speedily 
restored thoug-h, apart from the cables, prac­
tically the whole of the plant had to be renewed. 
At Parit exchange the switchboard was saved by 
being cut adrift and removed to the first floor of 
the post office. The main telegraph and tele­
phone route from Selangor to Pahang via the 
Gap \\as serious] y damaged by landslides and 
falling trees. Communication as far as Raub 
was, however, rapidly restored by the Kuala 
Kubu and Raub district staffs, who worked 
sleadi ly in spite of pouring rains and transport 
difficulties. Long sections of route were washed 
;may lwlween Raub and Lipis and Rauh and 
Kuantan, and between Kuantan and Pekan. 



166 FEDERATED MA LAY STATES. 

Reports and estimates in connection with the 
l\lalayan Trunk Telephone (Cable) Scheme were 
received from the Consulting Engineers and the 
British Post Office tmvards the end of the year. 
The estimates are considerably in excess of the 
original estimate and the scheme is still under 
consideration. 

Shortage of technically trained :\siatic staff is 
still acute. 

lVirclcss .-Forty-nine temporary licences for 
the use of wireless receiving apparatus were 
issued during the year and one experimental 
transmitting licence. 

The British official news broadcast from the 
British \vireless station near Rugby is received 
at Penang wireless station, retransmitted from 
Penang by land line, and supplied to the local 
newspapers on payment of a monthly fee aver­
aged roughly 20,000 words a month. 

TF orkshop.-The workshop has continued to 
be of great service to the department and there 
was a considerable increase in the volume of 

new \vork undertaken. The output was satis­
factory both in quality and quantity. A further 
reduction in on-costs has been effected. 

Stores Branch.-The number of different 
items stocked was 3,492, an increase of 413 
items. The value of stores issued · and re­
ceived in 1926 was $2,183,387, compared with 
$1,433,000 in 1925. 

Under Appointments it is noted that Mr. C. 
G. Cadman, Telegraph Engineer, Posts and 
Telegraphs, Federated J\Ialay States, has been 
appointed to the post of Engineer-in-Chief, 
Posts and Telegraphs, Straits Settlements and 
Federated l\lalav States. 

The following table indicatPs the gnJ\\th uf 
the system from 1906 :-

TELEGRAPH AND TELEPHONE SYSTEM. 
Length of Length of Length of Length of 

Year. overhead m·erhead under- wire single 
line. wire. ground line in 

Miles. l\liles. cables. cables. 1906 1,381 2,_so9 l\liles. Miles. 1q16 2,2 IO 10,461 26} 2,.p8 1g26 2,618 19,861 79 7.774 

TELEGRAPH AND TELEPHONE PLANT IN THE UNITED KINGDOM. 

TELEPHONES AND WIRE MILEAGES, THE PROPERTY OF AND MAINTAINED BY 

THE POST OFFICE IN EACH ENGINEERING DISTRICT ,\S AT 30TH JUNE, 1927. 

No. of l'nderground Wire Mileage. Telephones Overhead \Vire Mileage. 1 

owned and -·- ---·- --· ___ ____ .-- ___ Engineering ; _____________________ _ maintained District. , 
by the Telegraph. Trunk. Exchange. Spare. '1' Telegraph. Trunk. Exchange. Spare. 

Post Office. .. 
5i�:��;

-
I,��� 

--2;:;�: l�:��: -

1,�;� 
-

i
-

�.
o

i
d

�S�

- r- 2�:��� 
-

:�::i�--:-��;;;��- -I��:��� 72,064 4,380 29,838 I 50,922 2,423 I S. West 16,426 10,396 129,311 j 54,955 56,524 5,802 34,385 49,138 5,024 Eastern I 22,519 34,514 88,330 ,I 74,688 89,527 8,657 43,980 55,571 3,814 N. Mid. 23,309 47,775 221,603 122,021 69,555 4,774 28,955 66,313 3,826 s. Mid. 12,832 21,017 140,652 89,082 55,128 4,770 29,378 49,981 1 2,557 S. Wales 
I
' 5,753 25,009 101,262 69,929 94,753 8,294 25,571 47,q28 4,628 N. Wales 12,886 40,43b 228,553 59,747 146,897 1,602 17,050 42,707 2,674 S. Lanes. 12,976 I 75,645 429,697 46,475 87,057 6,185 30,144 44,778 3,375 N. East 10,571 42,420 206,960 59,712 59,599 3,628 23,483 35,734 2,158 N. West 1 8,355 3i,935 146,974 37,833 44,485 2,530 15,775 23,593 2,724 Northern ' 4,595 13,417 96,189 51,282 20,193 4,744 7,185 13,192 330 Ireland N. 130 2,288 36,632 1,240 61,415 5,183 24,475 35,569 1,458 Scot. East 3,296 11,666 141,032 47,985 82,273 7,357 24,139 41,5g8 680 Scot. West II 12,159 1 24,189 210,364 35,z99 

--- ----- ------------ -1---- -------

1,552,329 70,324 360,234 671,744 37,350 Totals. I 
173,149 I 484,449 4,349,216 894,575 

-:8,7;- �=:- 35:::- -:4,6�8- -36,658 - 3�!fu�gr:�, l-168,7"-1/-460,674--=-173,67s- -002,7:--1927· I 



MECHANICAL TANDEM EXCHANGE. 

J. HEDLEY, 1\1.l.E.E. 

A
RTICLES appeared in this Journal in 
July, 1924, January, 1926, and April, 
1927, referring to the above exchange. 

The first by l\Ir. F. I. Ray, dealt mainly with 
a description of .the circuit operation, the next 
by l\1r. P. B. Frost furnishes details of the 
Power Plant, and the latter by Col. T. F. 
Purves, included a general outline of the traffic 
facilities available. . 

"'\s the Tandem Exchange has now been 
brought into service, some further details con­
cerning the equipment and its general develop­
ment to render it suitable for actual working 
conditions will probably be of interest. 

The introduction into service of the l\lechani­
cal Tandem Exchange enables an entire revision 
of routing of small blocks of junction traffic 
outgoing from the various manual exchanges in 
London to be accomplished. 

PRESENT ROL'TING CONDITIONS \'IA MANUAL 

EXCHANGES. 

U oder complete manual \vorking conditions, 
junction traffic outgoing from an exchange to 
any other exchange within the same multi office 
area, is handled in one of the following four 
methods:-
(a) Straight order wire working. 

Order wire working, with large groups of 
outgoing junctions associated, terminating 
on a distant B position, accommodating 
circuits incoming from the exchange con-

cernecl only, for the completion of direct 
traffic between the two exchanges. 

(b) Split urder wire working. 
Order wire \\orking with smaller groups 

of junctions associated than under (a) 
terminating on a distant B position, accom­
modating circuits incoming from two or 
more exchanges, for the completion of 
direct traffic only. 

(c) Ringing junction working. 
Junctions not exceeding five in number 

terminating on a distant B position, accom­
modating circuits, incoming from two or 
more exchanges, with small groups of 
junctions operated on a call and clear 
signalling basis, for completion of direct 
traffic only. 

(d) ], en ding junction working. 
Junctions outgoing to a junction centre 

exchange B position, accommodating cir­
cuits, incoming from two or more ex­
changes, with small groups of junctions, 
for completing indirect traffic to other 
manual exchanges. 

The design for the l\Iechanical Tandem Ex­
change "·as basf'd on the assumption that the 
follcrning traffic should circulate via that Ex­
change:-

NEW Rot1TING CONDITIONS VIA MECHANICAL 

TANDEM EXCHANGE. 

(A) All traffic at present routed under (d), 
t.e., the manual junction centres at 
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Central, Hop, Gerrard, North, East, and 
Croydon will be superseded by the 
i\Iechanical Tandem Exchange. 

Fig. I is a typical example for one exchange 
shm\ ing the present and new routing 
conditions from Ealing, for indirect rout­
ing to a few exchanges. 

(B) All traffic under (c) except short cross 
country routes between exchanges in 
comparatively close proximity to each 
other, where direct routing can be justified 

Palmer& Green 

5ydenham 
Present method of indirect routing From Ealing.via Junction Centres. 

Palmers Green. 

f.ALI NG ----------11...-r.M;;:-EC;;;H�ANICAL 
TANDEM 

Gros\lenor 

Gran9ewood 

Sydenham 

New method of indirect routing from Ealing via Mechanical Tandem. 

FIG. }. 

on an annual charge basis and all traffic 
under (b) at present carried by junctions 
not exceeding four in number. 

Fig. 2 shows the present direct routing con­
ditions for ( b) and ( c) to a few exchanges 
from Grange\vood and the new indirect 
routing via Tandem:-

B1· collecting the various small groups of 
traffic under (A) and (R) for each of the ex-

changes in London, and circulating it via the 
Tandem Exchange, the number of junctions 
required is sufficient to justify straight order 
working with large groups of junctions, thus 
pro,·iding more efficient operating and service 
conditions for all outgoing junction traffic from 
each exchange in the area. 

As all the circuits outgoing from the Tandem 
Exchange terminate in call indicator equipment 
at the distant manual exchanges, and Selector 
Switches at automatic exchanges, the call value 
to the originating A operator for all junction 

Greenwich 

Present method of direct routing from 6rangewood. 

Yid.aria 

6reen wi ch. 

New method of indirect routing f'rom Grangewood via Mechanical Tandem. 

FIG. 2. 

calls will be equivalent to straight order wire 
working, thus enabling an overall saving in A 
operators positions throughout the various 
exchanges in London. 

Similarly the number of B positions in the 
existing manual exchanges \\ill be reduced 
by the adoption of a Call indicator working, 
and the abandonment of lending work in the 
junction Centre Exchanges. 

As regards the facilities for routing traffic, 
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the design of the Mechanical Tandem Exchange 
is equivalent to that of a Director Automatic 
Exchange, which requires that the numerical 
equivalent of the first three letters of all ex­
change names shall be different, consequently 
traffic outgoing from the Tandem Exchange is 
confined to exchanges, manual or automatic, 
within a radius of ro miles, i.e., to all exchanges 
within the London multi office automatic area. 

For traffic incoming to the Tandem Exchange 
unrestricted facilities are available for the recep­
tion of calls from manual and automatic ex­
changes. 

(a) \\'ithin the ro mile radius. 
(b) Outside the ro mile radius, but ,�ithin 

the present London Telephone area. 
(c) Toll exchanges. 
(d) Zone Centre Trunk exchanges. 

At the outset (a) will comprise 79 manual 
exchanges with I ,849 incoming junctions, and 
(b) 29 exchanges with 368 incoming junctions. 

\\'ith the development of the Automatic 
system in Lond9n, the 79 manual exchanges 
under (a) will gradually disappear. As each 
manual exchange is superseded by an automatic 
exchange, the traffic outgoing from the latter 
will be routed automatically, by the Director, 
via the most suitable automatic exchange in the 
network, direct to the call indicator position for 
manual subscribers, or to selector switches for 
automatic subscribers. The result will there­
fore be that eventually the keysending positions, 
approximately 80, at present accommodating 
the 79 manual exchanges referred to under (a) 
will be available for the reception of additional 
traffic from exchanges under (b) and for traffic 
incoming from (c) Toll areas and (d) Zone 
centres, from those exchanges having sufficient 
traffic terminating in the multi office area to 
warrant order wire working. 

Some of the exchanges under (c) are:-
Exchange. 

Aldershot. 
Ascot. 
Aylesbury. 
Brighton. 
Cambridge. 
Chatham. 
Chelmsford. 
Colchester. 
Eastbourne. 
Folkestone. 
Guildford. 
Hastings. 
Hertford. 
Ipswich. 
Luton. 

Exchange. 
Maidenhead. 
Maidstone. 
Margate. 
Portsmouth. 
Reading. 
Slough. 
Southampton. 
Southend. 
St. Albans. 
Tunbridge Wells. 
Walton-on-Thames. 
Watford. 
Weybridge. 
Windsor. 
Woking. 

The exchanges under (d) are:-
Exchange. 

Birmingham. 
Bristol. 
Cardiff. 
Hull. 
Leeds. 

Exchange. 

Lh·erpool. 
i\I an chester. 

Newcastle. 
Sheffield. 

Quite apart from the magnitude of the equip­
ment provided in the Tandem Exchange, to 
meet the foregoing requirements, the com­
plexity of the automatic plant and circuit 
arrangements, not only in the Tandem Ex­
change, but connected to each call indicator 
position in the \·arious manual exchanges, was 
recognised from the outset as representing the 
most difficult and colossal operation yet under­
taken by the British Pust Office, and probably 
b_\' any other administration. 

It was in fact realised that the keystone of the 
London automatic system \\'as tl�e rendering 
of satisfactory service via the Tandem Ex­
change. Consequently, as a precautionary 
measure, it was decided to instal an experimental 
trial installation in order to afford an opportunity 
for proving from an engineering standpoint that 
the various new types of automatic and manual 
call indicator circuit arrangements functioned 
satisfactorily, and also to enable operating re­
quirements to be imprm·ed, before the Tandem 
Exchange and call indicator posit ions were 
opened for public sen-ice. 

TRIAL EQUIPl\IENT. 
The equipment was located in the City Ex­

change and comprised the following:-
I. Two Tandem order wire B positions 

associated with selectors and senders 
being part of the main equipment of 
the Tandem Exchange, but fitted tem­
porarily in the City Exchange. 
Position r equipped with 40 incoming 
junctions and Position 2 with 20 
junctions. 

2. One Call indicator B position fitted with. 
36 circuits forming part of the main 
City Exchange Call indicator group 
of positions. 

3. The A operators in the City Exchange 
were afforded access via 2 order wire 
keys and 60 junctions in the outgoing 
junction multiple, direct to the 60 
equipments on the t\\'O Tandem posi­
tions, thus enabling traffic between 
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two City Subscribers to be circulated 
via the Tandem and Call Indicator 
equipment at any time. 

4. The director equipment in the Engineer­
in-Chief's Automatic Training School, 
was provided with outlets vza re­
peaters and Coders direct to the Call 
J ndicator position m the City Ex­
change, thus enabling calls from 
Automatic Subscribers to be dealt 
with. 
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(z) Application of artificial traffic loads by 
engineering officers. 

(3) Application of artificial traffic loads by 
engineering officers with the assist­
ance of operators at the A, Tandem, 
and Call Indicator positions. 

(4) Application of artificial traffic loads by 
the Traffic Staff. 
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two City Exchange Subscribers. 
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FIG. 3.-LAY-OUT OF MANUAL SWIT<HROOM, MECHANICAL TANDEM. 

The facilities thus afforded by the trial equip­
ment were similar to those which will obtain in 
actual practice with the additional advantage 
that the conditions enabled each and every call 
to be supervised and traced from start to finish. 

The results obtained during the trial may be 
considered as representative of those under 
regular public service. 

Scheme of Trial.-The following progressive 
scheme \ms adopted : -

( 1) Complete engineering test out of the 
equipment. 

neenng Staff from the Training 
School Director equipment direct to 
the Call Indicator position. 

This programme \vas adhered to throughout 
the trial, small variations being introduced from 
time to time to meet local traffic and engineering 
requirements. 

l\Iinimum loads were applied in the first in­
stance and these were gradually increased, the 
effect of the increases on plant operation, operat­
ing met hods, order wire congestion, and In­
cidence of faults being carefully observed. 



MECHANICAL TANDEM EXCHANGE. 

Method of operating. The introduction of 
mechanical tandem working does not vary the 
existing operating practice, so far as CB order 
wire working at A positions is concerned. At 
the terminating Exchange, however, the CB 
order wire position now becomes a Call Indi­
cator position, and in addition the mechanical 
tandem operator is interposed between the A 
and B positions. 

The experience gained from the trial eqmp­
ment indicates that with the introduction of 
mechanical switching at the intermediate point, 
together with the fact that the control of the 
connection is vested in the ongmating A 
operator, once the connection has been keyed 
up by the tandem operator, makes it neces;arv 
for more definite operating methods to b.e 
adopted. 

• Under the new conditions one or more of the 
following operating irregularities may affect the 
successful connection of a call. 

A Operator. 
r. Passing :wrong number to Tandem 

operator. 
2. Mistaking number of junction assigned 

by Tandem operator. 
3. Taking up wrong junction, either as a 

result of (z) or otherwise. 
4. \Vithdrawal and reinsertion of plug in 

junction jack, after call keyed up by 
Tandem operator (equivalent condi­
tion to re-ring under manual opera­
tion). 

5. Overthrow of speaking key to ringing 
side during restoration of key to 
normal. 

Conditions (r ) to (3) are normal irrregularities 
which may occur under any system of order 
wire working, (4) and (5) may also occur but do 
not result in any permanent. interruption to the 
complete manual connection ; but with the 
control of the Connection in the hands of the A 
operator a " no display " fault, or lost call, is 
liable to occur if these two operating methods 
continue under mechanical tandem workin()' 

�· 

Tandem Operator. 
1. Mistaking number demanded bv the A 

operator. 
2. Keying up wrong number, either as a 

result of (r) or otherwise. 

3. Depressing the assignment key of a 

junction, other than the one verbally 
allotted to the A operator. 

4. Irregular depression of keys:­
(a) Flicking the keys. 
( b) Excessive pause. between exchange 

code and numerical digits. 
(c) Keying up before sender asso­

ciated. 
( d) Unequal time interva 1 between 

digits. 
5. [nsufficient pause between operation of 

cancel key and re-keying. 
Irregularities ( r) to (3) may occur under any 

system of order wire operation, (4) and (5) 
result in lost calls but can be guarded against 
during the normal training of the Tandem 
operators. 

Call Indicator Operator. 
r. Irregular engaged testing, i.e., touching 

the bush of the multiple jack with the 
ring of the plug, instead of with the 
tip of the plug only. 

This faulty testing may clear the display from 
the position and result in a lost call, as the 
subsequent insertion of the plug in the multiple 
jack is liable to fail to find the junction associated 
\Yith the calling subscriber. The marker pilot 
lamp glows, without a display, for the next call 
and the operator extends to the information 
desk, by the depression of the service key and 
decoder release kev. 

2. A similar condition is liable to occur due 
to irregular operating, during the 
process of withdrawing a plug from 
the multiple on receipt of a clearing 
signal, by the operator allowing the 
sleeve of the plug to make contact 
with the tip of a disengaged plug, or 
earth on any part of the position. 

The above two conditions can only be 
obviated by operating methods. 

Although it is necessary to arrange for more 
careful operating, it is equally essential that the 
maintenance of the plant should receive special 
attention. 

The development of automatic routine testing 
methods for application to the most important 
parts of the equipment, such as senders, relay 
groups, etc., and call indicator positions gener-
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ally, will cer1ainh- tend to bring faults under 
notice morl' quickly, but more frequent testing 
of junction lines either by manual or automatic 
routine methods will be essential in order to 
detect faults on the external lines themselves 
and in addition the incoming rotary line switches 
al thr all I nclicator exchanges will need to be 
pro,·rd for correct rotation. Faults on these 
parl� of the equipment ma:· cause the sender in 
1hc Tandem Exchnnge to fail to discharge and 
rrsult in n " no display " fault and lost call. 

The method adopted was for the observer to 
listen on the order wire. After hearing the 
number asked for and the Tandem operator's 
assignment, the obserYer transferred the listen­
ing set to the junction allotted and recorded the 
progress of the call. 

Appendix A. shows the result of calls between 
November 16th to December 15th, 1926, and 
December 30th, 1926, and January 8th, 1927. 

Routi11e lndicator.-To enable the engineer­
ing staff to observe the operation of the plant, 

F1G. 4.-.'\ PORTION OF TIIE UITE OF POSITIONS. 

l�xpPri<'nr<' under actual working conditions, 
bas(·d on tlw improved nrrnngements as regards 
op<-raling and mainll'nance testing, shows that 
I he foreg-oi ng defects a rP of very rare occurrence, 
nnd 1he obsen·<11ion results compare most 
fan1urably ,,·i1h those under ordinary manual 
\\orking. 

Tra!Jic 0/1sen1a/ions. - ObserYations were 
taken b,· the Traffic . taff during the regular 
" traffic " trial. 

routine indicator equipment was linked with the 
Tandem and Call I ndira1or apparatus as 
follo,,·s :-

Three lamp display panels. The top display 
indicated the number corresponding to the ex­
change code sent into the sender, as the result 
of the Tandem operator keying, the centre 
display indicated the subscriber's number sent 
in, and the lower display, the number recorded 
on the Call Indicator position. 
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40 Keys and lamps were also provided and 
linked to the 40 junction circuits on the Tandem 
position. 

By listening on the order wire the observer 
was thus in a position to check the progress of � 

call by means of the junction lamps and display 
signals. In addition, a printing tape machine 
was associated with the routine indicator-the 
tape was used primarily to check the correct 
operation of the digit Keys by the tandem 
operator-but subsequently it afforded valuable 
data to be obtained to prove that interruptions 
in the junction loop were occurring after the 

S£CTIONAL EL£VATION 

5. A operator plugs into wrong junction 
corresponding lamp flickers whilst 
lamp of assigned junction flashes. 

6. Tandem operator keys up. This 
appears on two top display lamps 
whilst correct spacing and depression 
of keys appears on tape machine. 

7. Number appears on Call Indicator posi­
tion and is duplicated on bottom set of 
display lamps. 

8. Call Indicator operator tests and plugs 
into number required, both displays 
released and called subscribed rung. 

----
D ,,-�;.;, 

0 

--� -

- ------ ,,. -- - - --1 
.FPOVT ELEVATION 

FIG. 5.-CROSS SECTION AND FRONT ELEVATION OF SECTION, CORDLESS B. 

circuit had once been taken by the A operator, 
and also that the Call Indicator operator was 
making engaged tests incorrectly. 

Facilities were available for making the 
following observations:-

r. A operator's demand on order wire. 
2. Tandem operator allots junction and 

assigns. 
3. Junction lamp flashes. 
4. A operator plugs in and lamp glows 

steadily. 

9. Ringing tone heard and callPd subscriber 
answers. 

IO. Called subscriber engaged. Call indi­
cator operator depresses busy Key­
Busv tone heard. 

r 1. Called subscriber clears, junction lamp 
ceases to glow. 

12. Call Indicator operator tests incorrectly, 
display released but no ringing or 
busy tone, and junction lamp ceases 
to glow. 
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APPENDIX A. 

RESULTS OBTAINED WHEN PA.SSING PUBLIC TR.\FFIC (CITY EXCH.\NGE LOCAL TRAFFIC) 
THROUGH TIIE EXPERIMENT.\L J\l.T. ,\ND C.C .I . EQUIPMENT. 

Nov. 16 to Dec. 15. Dec. 30 to Jan. 8. 

Item. 
% : No. of calls. I % No. of calls 

··------ ' -- ---·------ ----

1. Calls received at C.C. I. position. 
(a) For which a display was 

reoeived 
(b) For which only a " !\Iarker­

Pilot " \Vas r.eceiYed 
(c) Total calls received nt C.C. I. 

position 

2. Result of specinl obsen·ations 
made. 

(a) No. of cnlls obsffved 
(b) No. of calls O.K. 
(c) No. of calls im·ffecti\'P duf> to 

" no reply " .. . 
(d) No. of cnlls inf>lfrrtive du<" to 

" No. engaged " 
(e) No. of rails inPffecti\·e due to 

" \\Trang numhPr " ron-
nected 

(f) No. of calls ineffective due to 
H l\1isr.Pllaneous rPasons " .. . 

203 

15,014 
l2,86q 

149 

I,J02 

2q8 

99·44 

.56 

4t.8 
85.74 

·99 

8.66 

i.q8 

12,900 

3,531 
3,07:) 

45 

234 

57 

120 

99.57 

·43 

1.27 

6.63 

1.61 

3.40 

l· Busy Hour lond on C.C.I. position (Not recorded) 

l\Tote.-l'eriod for which order wirP wns 
gunrdPd against interruption after 
depression of assignmf'nt kPy 

r--, 

::r1 ,J_ 
T-
...,., 8 

., l_ 

3 seconds. 2 seconds. 

4'-
--- ----/01�1t ____ _ ----- 6!11---+-�i� {' r,;t,,/ -/ >---

Glass Pan,,./ 
"Rounded �dqe 

1-<-------------f----- / - "// -----

Fm. 6.-KEYSHELF EQUIPMENT, COJrnr.Ess B PosrnoN. 

The experimental trial equipment was com­
pleted early in r926. Tests r to 4 under Scheme 
of Trial followed until the plant was brought 
into use for public sen·ice in September, 1926, 
and the results obtained have amply justified 
the preliminary action taken. The arrange­
ments whereby the various items of plant \Wre 
located in one building were ideal for tracing 
engineering circuit defects and testing out im-

proved circuit conditions, and also for bringing· 
under notice causes of bad service due to operat­
ing and engineering methods, which would 
otherwise haw had to be dealt with during the 
period of installation and testing out, under the 
less fa\·ourable conditions of the Tandem Ex­
change equipment \videly separated from the 
distant l\Ianual Call Indicator positions. 

In addition to the elimination of defective 
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engineering conditions, from a circuit operation 
standpoint, three important operating changes 
were made as the result of the experience with 
the trial equipment:-

I. Guarding the _Tandem operator on the 
order wire for a definite period varying from 2 

t<J 3 seconds, after the allotment of a junction to 
the A operator, so as to enable her to be free 
from demands from other A operators whilst 
keying up the number. 

�-

0000 
I '· )- SE ND[R rll'IOER 

operator to commence keying up practically 
immediately after the depression of the assign­
ment key, except on the rare occasions when all 
senders are engaged. The original scheme pro­
Yided for the supply of a flashing signal when 
the sender was found and a steady glow when 
the A operator picked up the assigned junction. 
This method tended to delay the keying up by 
the Tandem operator, as when a sender was 
found in the dark period of the flashing signal 
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FIG. 7.----PANEL EQUIPMENT, CORDLESS B POSITION. 

2. Altering the equipment to make it immune 
from fleeting disconnections by the A operator, 
such as those caused by the reinsertion of the 
plug or overthrow of speaking key, until the 
call is actually keyed up by the Tandem 
operator and transmitted to the distant exchange 
by the sender. 

3. Furnishing a steady glow on the assign­
ment lamp of the Tandem position immediately 
a sender is available, thus enabling the Tandem 

VOL. XX. 

the lamp signal might not be received for a 
maximum of 3/ 4 seconds. 

TANDE:\! ExcH,\NGE EQlJIPl\IENT DETAILS. 
ro8 positions have been proYided, each with 

capacity for 50 and equipped for 30 incoming 
junctions. Fig. 3 shows the lay-out of the 
manual switchroom, and Fig. 4 a portion of the 
suites of positions. Fig. 5 is a dimensioned 
section of a position. Fig. 6 indicates the key-

M 
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shelf equipment, the strip of digit keys can be 
changed, if required, by \vithdrawal of the plug, 
attached to the digit key strip, from the jack fitted 
inside the apron of the keyshelf. Fig. 7 shows 
the panel of one position equipped for 50 
junctions; the two bottom rows of lamps and 
keys are associated \Vith each junction, for 
supervisio:1 and assignment, the next two rows 
of keys for disconnecting the junction, and re­
placing the order wire if faulty; the top rovv 
includes 5 keys for disconnecting the order wire 
'.vhen replaced by a junction, 4 sender finder 
lamps and clisc:onnect kPys, a supervisor's call 
kev, �md a C'hangP on·r outlet finc!Pr kev. 
Fig. 8 shn\\·s the disposition in the automatic 
S\vitchroom, of the junction rela,- groups, 

• 

Fie;. 8.--Ln·-m.'T oF :\uTOMATic 

senders, etc., associated with the keysending 
positions and also the !av-out of the selector 
racks. The automatic plant includes 6,806 
group selectors and r 70 senders. Fig. 9 shows 
a portion of the automatic switchroom. Fig. 10 
shows the trunking scheme in use when the 
exchange was brought into service on August 
r8th, indicating that prm·ision is available for 

routing traffic to roo exchanges. Arrange­
ments are already in hand to extend to 150 out­
lets. 

FUNCTIO�S OF T ,.\�!PS. 

r. Junction lamp.-One lamp supervision '.S 
provided fc�r each junction, as follows:-

(a) When assignment key depressed and 
a free sender is found the lamp glows 
and continues to glmv whilst the ,\ 
operator's plug rt>mains connected 
·with tlw assigned ju net ion. 

(b) \Vhen order wire enwrgency, or junc­
tion disconnect key is operated, the 
lamp glows. 

(c) \Vben :\ operator plugs into an un­
assigned junction, lamp Rickers. 

2 • .  'i'c11dcr Fi11dcr /am,h. -One lamp is pro­
vided for each of the 4 sender finders un each 
position to indicall' \\hich of thP 4 sencler finders 
are in use. 

II 
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1. Assignment hcy.--One per junction de­
pressed prior to operation of di.c;-it keys to bring 
the sender and position finder circuits into 
operation. 

2. Disconnect and order icire emergency 
hey.-One per junction, the dm,·mvard position 
is used, for disconnecting the junction from 
service in the case of a fault, or for releasing the 
sender should the tandem operator wish to 
recommence keying after a call has been in­
correct!? keyed up; the upward position joins 
the operator's telephone to the junction when 
the latter is used to replace a faultv order wire 
circuit. 
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3. Order ;uire disco1111ccl hey.-One per 
order wirc,-5 of ll"hich are provided per position 
-for disconnecling 1he opt• rator 's telephonr 
from 1hc order wire>, when thr lnllrr is faulty. 

Cancel hey.-OnC' prr posil ion depre sed bv 
the operalor when the digil kP_1·s are knoll'n lo 
have been ll" rnngl_I" operated. during the process 
of keying up. Thr . ender is released and I he 
operalor 111::1_1" imnwd ia t el_I" recommence keying 
up, ll"ilhout again drpre<;sing 1he assignment 
ke1·. 

Sender release conditions .-The sender re­
lt'ases after a predetermined period (8 to t6 
srconds) or by 1he depression of a 2nd assign­
ment key, whenever the Tandem operator de­
prrs es an assianment key and fails to key up 
an.1· digi1s, or keys up incompletely , or after a 

romplete set up by the Tandem operator should 
t he .\ operator fail to take the junction . 

Digit heys free for 11exl call .�Immediately 
the Ta ndem operator completely keys up a 
number, the outlet finder will step to the next 

Fie. 9.-J\ PORTION OF Tim .\uroMATIC Sw1TCllROOM, MECHANICAL TANDEM. 

Sender Finder h<'y.-Fo11r per pos1l1011 u::.ed 
for eng:iging 1he 0111lets 10 15 senders, if the 
011tl(•I is faul11·. TIH' assori:1ted sender finder 
l:imp glo 11·s. 

0111/l'I /<'incfrr hey. -01w p<'r position. Two 
sels of 4 0111lct lind1·rs arc pro1·idrd 1wr position. 
The 11p11:1rd position of the ke_I" is associated 
ll"ilh ont' s(·t and 1hc doll"nll":trd position with 
the 01her. The position of thr key is changed 
eClch da v so tha l one et of out let finders is 
a1·ailable in case of a fault. 

roniart, to connect the key strip to an idle 
sender finder, t hus permitting the operator to 
S<'t up another cal I. 

(;ro11pi11g of . enders.-Capacity exists for 
200 senders. b11h half of the positions has 
arcc>ss to 100 senders-85 of which are provided . 

The key set is connected to a sender via a 
position ou1let finder which controls 4 outlets 
per posil ion, i.e., 4 " junction " finders and 4 
sender finders. Each sender finder has access

' 

to n maximum of 25 senders , consequently each 
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pos1t1on has access to any sender in ·its own 
group of 85. 

At this stage a brief statement of the operat­
ing facilities will probably be helpful. 

Jlanual Subscriber calls an Automatic Sub­
scriber obtained ·via the Tandem Exchange. 

The A operator passes the call over the order 
\Vire to the Tandem operator, the latter allots 
a junction to the A operator, and at the same 
time depresses the assignment key associated 
with the junction. 

Junction assigned. - Junction and sender 
finder switches operate simultaneously, to find 
the assigned junction, and first free sender. 
The Tandem operator's telephone is disconnected 
from the order wire, and a tone is placed on the 
latter for a period of approximate] y two seconds, 
for the purpose of protecting the Tandem 
operator from interruption during the process of 
keying up the exchange code and number 
demanded by the A operator. 

Junction lamp glows.-\Vhen an idle sender 
is found, the junction supervisory lamp glows, 
as an indication to the Tandem operator to 
commence the operation of key sending. The 
junction lamp will glow throughout the call 
until the A operator withdraws the calling plug. 
No disconnecting work by the Tandem operator 
is necessary. 

Junction lamp flickers.-Should the A oper­
ator insert the calling plug before the Tandem 
operator depresses the assignment key, or 
should a junction be plugged into other than 
that allotted by the Tandem operator, the lamp 
will flicker. The continuance of a flickering 
lamp signal is an indication to the Tandem 
operator to route the call to the Monitor bv 
keying up INF. 

Operation of Sen der.-As the first three digits 
always concern the exchange code portion of the 
number demanded, the sender is arranged to 
operate the group selector code switches as soon 
as the 3rd digit has been set up. The sender 
tianslates the 3 digits of the exchange code to 
route via the desired levels of the 1st and 2nd 
code switches. The 2nd code switch rotates 
automatically to find a junction to the desired 
exchange. 

\Vhen the operator has keyed up 7 digits, 3 
for the exchange code and 4 for the subscriber's 

number, the sender automatically sends ordinary 
dial impulses to the distant automatic exchange 
selector switches. \Vhen the 4 digits of the 
subscriber's number have been transmitted, the 
called subscriber is rung from the final selector 
in the automatic exchange and the sender re­
turns to normal, the junction circuit is also 
transferred from the sender to the calling sub­
scriber so that conversation may proceed. 

Standard superv1s1on and busy flash is 
afforded to the originating A operator. 

1'1anual Subscriber calls a Manual Subscriber 
obtained via the Tandem Exchange. 

The operation by the Tandem operator does 
not differ, but the sender instead of transmitting 
ordinary dial impulses, for the 4 digits of the 
subscriber, translates them into coded signals 
to operate decoding relays associated with the 
call indicator equipment in the manual ex­
change. The decoding relays translate the 
signals into the numerals of the required sub­
scriber's number, which are displayed on a lamp 
display panel on one of the call indicator 
pos1t1ons. The operator at the latter point in­
serts any idle cord into the multiple jack of the 
displayed number. 

Arrangements for rendering Pub lie Service. 
The scheme of transfer from the existing 

manual conditions to mechanical tandem and 
call indicator working must necessarily be a 
gradual one. Quite apart from the magnitude 
of the engineering work involved in arranging 
for the installation and testing of 78 exchanges 
with call indicator equipment on 316 positions, 
it will no doubt be appreciated that the educa­
tion of the staff in the new operating methods 
has also necessitated an immense amount of 
intensive study and training by all concerned. 

The Engineer-in-Chief's Training School has 
helped very considerably by affording facilities 
tu all grades of the engineering and traffic staff 
to obtain tuition and first hand information 
under ideal conditions. l\ir. Anson's article in 
the July, 1925, issue of the Journal supplies full 
details of the School equipment. 

Frequent meetings were held in order to 
arrange for the closest co-operation between the 
engineering and traffic staffs, and it was finally 
agreed that the scheme of transfer should be as 
follows:-
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1. Divide the call indicator exchanges into 
7 zones, corresponding to the existing 
manual junction centres. 

2. Complete the call indicator equipment 
in zone order, commencing with Cro_1·­
don and its t\\·o associated exchanges 
at Thornton Heath and Addiscumbe 
and following with-
East and 7 associated 
North , , 8 ,, 
Hop ,, r6 ,, 
Central , , 8 

Gerrard 
and the 

Citv 

" 

" IO 

" 
. , 

" 

exchanges. 

" 

" 

" 

" 

3. ,\ rtificial traffic to be operated for staff 
training purposes. 

4. Public service to be operated when 3 

zones completed, following with the 
remaining zones. 

Artificial traffic under (J) \vas commenced on 
Feb. r rth, 1927, by arranging for the incoming 
junctions on certain Tamden positions to be 
permanently engaged by the distant A operator. 
The Tandem operator then assigned and keyed 
up numbers from a schedule to one of the Call 
indicator exchanges, say Croydon. The num­
bers received at the distant exchange were sub­
sequently checked against those keyed up from 
the schedule in the Tandem Exchange. 

Public service under (4) commenced on Aug. 

18th, 1<p7, to the r8 exchanges in the Croydon, 
East and North zones. 

It \\·ill be realised from the foregoing descrip­
tion that fur the first few years after the intro­
duction of automatic \\orking in London, the 
Tandem Exchange w i ll be the only general 
" clearing house " fur all indirect traffic within 
the London an'a, commencing with the reception 
oi' traflic from all the manual exchanges within 

the 10 mile radius, and routing to manual ex­
changes only. 

As automatic exchange \vurki ng develops 
other "clearing houses" for the reception of 
indirt'cl traffic from automatic exchanges will be 
introduced, until ultimately the Tandem Ex­
change \\ill lw utilised mainly for the reception 
of t rafllc frum mam·

ia 1 operators at exchanges 
outside the 10 mile radius, and routing lo auto­

matic exchanges only. 
This article \voulcl be incomplete \vithout 

making reference to the great impro,·ement in 

speech transmission which has resulted in con­
sequence of the introduction of the Tandem 
Exchange. This has been achie,·ed by means 
of new cables, loaded in many cases, provided 
bet\veen the Tanclem Exchange and the various 
exchanges in the London area. A distinct im­
provement in the seryice throughout the London 
area will therefore be afforcled, as the worst 
transmission for am· connection via the Tandem 
Exchange will not exceed 30 miles of standard 
cable. 

SUBSCRIBERS' APPARATUS IN AUTOMATIC AREAS. 

H. G. S. PECK, B.Sc. (Hons.), M.l.E.E. 

PART !.-TELEPHONE AND IMPULSE CIRCUITS. 

T
HE object of this present article is to 

describe the circuits that have been 
standardised for use at subscribers' 

offices on lines connected to automatic switch­
ing equipment and to refer to the various con­
ditions that have governed their development. 

Various aspects of this subject have already 
been dealt with from time to time chiefly by 

Col. Purves in his paper '' The Post Office and 
,\ utomatic Telephones,'' read before the Institu­
tion of Electrical Engineers on 5th March, 1925, 
a summary of which can be found in Volume 
XVII I. of this Journal. 

The impulses by which the automatic switches 
are controlled have their origin in the dial on 
the subscriber's telephone and it will be useful 
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to state at the outset, even at the risk of a charge 
of plagiarism':', \vhat is a standard impulse and 
to describe the cause aDd the results of distortion 
of such impulses. 

A train of standard impulses consists of a 
series of '' breaks '' of .obi second separated by 
" makes " of .033 second. The mm·ement of 
the mechanism in the switching equipment :s 
determined by the number of breaks which 
corresponds to the digit dialled. 

Variation in the total duratioQ or period of an 
impulse or what amounts to the same thing in 
the number of impulses per second, can only 
arise from variation in the speed of the dial. 
The " standard " rate of impulsing is ro per 
second, but in practice dials are maintained in 
service provided the rate of impulsing is not less 
than 9 nor more than 1 r per second. 

Departure from the ratio of 2 : 1 for the break 
and make portions of a train of impulses is 
known as impulse distortion. It may arise 
from faulty constrnction or adjustment of the 
dial, or from the effect of relay lag or from the 
circuit conditions as described below. 

If the length of the breaks in a train of im­
pulses sent into an automatic S\Yitch be increased 
at the expense of the makes, a point will be 
reached at which their duration has been so 
reduced, and consequent!.\ the magnetisation 
of the B relay so attenuated that it will fall 
awa.\· during the train of impulses and pre­
maturely complete a circuit for the operation of 
the release magnet of the switch. 

If the breaks be shortened either by increas­
ing the makes or b>· increasing the rate of 
impulsing, the time of energisation of the 
Yertical and rotary magnets will be reduced and 
a point will be reached when this period has 
become so short that the switch mechanism will 
fail to count the impulses, which condition will 
arise in the step-by-step system through lack of 
sufficient time for the mechanism to move past 
the " dog " which retains it in its stepped 
position after each impulse. 

The speed of a dial may be reduced very con-

See C. H'. Brown, l.P.O.E.E.J., Jan. 23. 
l'ol. XT'., p. 303. 

do. do. July, 24. 
l'ol. XVII., p. 128. 

L. H. Harris, I.P.O.E.E.J., Jan. 25. 
l'ol. XVII., p. 293. 

siderably before the switching mechanism will 
fail, \Yhich failure will occur O\Ying to the fall 
back of one or other of two slov.- release relays, 
resulting in either the operation of the release 
magnet or the premature change over from 
vertical to rotary movement. 

The truthfulness with which a train of im­
pulses is reproduced by the contacts of the line 
relay in the switching equipment will vary with 
the resistance, leakage, capacity and inductance 
in circuit with the impulsing contacts of the dial 
and the relay. 

Resistance by reducing the magnitude of the 
current tends to delay the pull up of the line 
relay. It also makes it more ready to fall away 
and the combined effect of these two tendencies 
is to shorten the time of the make of the relay 
co.ntact and to lengthen its break. Leakage by 
maintaining a small current whilst the impuls­
ing contacts of the dial are open has the reverse 
effects and so lengthens the time of make and 
shortens the break. 

An inductance in series would delay both the 
pull up of the relay and its fall off. The effect 
on the times of make and break of the relay due 
to capacity between the lines depends upon its 
magnitude and distribution in relation to the 
other constants of the circuit. In general the 
make is increased, although a lumped capacity 
gradually increased from zero actually decreases 
the time of make until a critical value of about 
± or � microfarad is reached, after which tl1e 
make increases at an average rate of 2� % per 
microfarad. 

The connections of the telephone also have 
an effect upon the character of the impulses. 
The transient effects that occur at the make and 
break of the dial are of great interest and import­
ance and are conveniently studied by the aid of 
Figs. 1, 2 and 3. It was the proper understand­
ing of these effects that finally led to the 
standardisation of the impulse rircuit shown in 
Fig. 3. 

The diagrams han� been drawn to show the 
connections with the receiver off the hook and 
the dial in the normal position. The open arrow 
heads represent the off normal or auxiliary con­
tacts of the dial which are operated as long as 
the dial is away from its position of rest. The 
solid arrow-heads represent the impulse con­
tacts which are interrupted as the dial returns 
to normal, the number of interruptions or im-
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pulses depending upon the angle through which 
the dial has been turned by hand before being 
released to return under the control of its spring 
and governor. 

The relay, line and telephone together make 
up a circuit containing resistance inductance 
and capacity and the usual conditions referring 
to the rupture of a current in such a circuit apply 
when the impulse contacts of the dial are opened. 
The energy stored in the magnetic circuit of the 
line relay is then released and is eventually dis­
sipated in the resistance of the circuit. 

Immediately on the opening of the impulse 
contacts the magnetisation of the line relay 
commences to die away and whilst doing so sets 
up an electro-motive-force in its winding. The 
magnitude of this E.l\I.F. depends upon the 
rate of fading of the magnetisation and this is 
related to the rate at which the current falls. 
The direction cif the induced E.M.F. is such as 
to tend to maintain the current and if, as in 
Fig. 1, the circuit be disconnected at a point 
\vhere very little or no capacity is left across the 
relay the current is forced to die away at a very 
rapid rate and a correspondingly high E.M.F. 
will be induced in the relay winding. The 
energy is then dissipated in the form of a spark 
or in leakage current through the ·insulation. 

Tests made in the Research Section showed 
that with this circuit the induced E.M.F. at the 
break of the dial contacts was r,050 volts when 
the connection between the telephone and a line 
relay of the A.T.l\I. Co.'s horizontal type was 
made by o. r mile of ro lb. cable. In practice, 
however, the capacity of the subscriber's line 
and multiple connections are generally sufficient 
to prevent potential differences greater than goo 
volts being reached, and ,,;hen one mile of cable 
is in circuit the peak P .D. is about 400 volts. 
Such high P .D.'s as these are liable to cause 
breakdowns of insulation and to give rise to 
sparking at any weak point in the wiring. 

In Fig. 2 the bell and condenser in series are 
left in circuit across the relay and line when the 
impulse contacts are broken, but owing to the 
impedance of the bell there is no great reduction 
in the foregoing P .D.'s, a maximum peak value 
of 700 volts still being reached. 

Numerous variants of Fig. 1 were experi­
mented with in connection with the earlier 
automatic systems. In one the transmitter and 
receiver were connected in a simple series 

arrangement which \vas short-circuited by a 
single pair of off-normal springs on the dial, 
the bell being disconnected by the switch-hook; 
in another there were no off-normal springs at 
all on the dial, whilst in a third there was one 
pair of off-normal springs which short-circuited 
the receiver. 

The first of these had a poor transmission 
efficiency, with the second the dialling impulses 
were heard in the receiver, \vhilst in both the 
second and the third the dialling circuit was 
completed via the transmitter. No deleterious 
effect on the transmitter could be traced to its 
inclusion in the impulse circuit, but owing to 
the possibility of variation in transmitter resist­
ance arising from accidental cause or from future 
change of design, it was considered advisable 
that it should be excluded from the impulse 
circuit. 

Four-conductor cords were required with table 
telephones wired to the circuit, shown in Fig. 1, 

and it was with the object of enabling a three­
conductor cord to be used that the circuit shown 
in Fig. 2 (used at that time by the A.T. & T. 
Co. in the United States) \\as standardised in 
I\ ovember, 1922. Unfortunately, however, this 
ai rangement \vas found to suffer from two very 
serious defects in that " bell tinkling " was 
introduced \vhilst, as already stated, the peak 
value of the dialling voltage was not materially 
reduced. 

" Bell tinkling " arises from the variations in 
the P .D. between the top side of the bell and the 
Exchange side of the impulsing contacts (Fig. 2) 

that occur as the impulse contacts are opened 
and closed. In the closed condition this P .D. 
will be less than two ,·olts, on the opening of the 
contact it may rise to the peak value of 700 volts 
referred to above falling rapidly off to the P .D. 
of the battery which is nominally 50 volts, to be 
again reduced to t\vo volts when the contacts 
are closed once more. 

There is thus a sudden and heavy charge 
transferred to the plates of the condenser on the 
break of the dial and a sudden but less heavy 
discharge on the make. The resulting transient 
currents flow through the bell coils and their 
effects are similar to those of the ringing current. 
The current impulse at the break is greater than 
at the make and it was thought that, by fitting 
a " biassing " spring to the bell and making 
the connections in such a way that the impulse 
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at the break tended to attract the armature to 
the pole to which it was already held by the 
spring, the effect of the transient current might 
be masked, but it is possible vvith such a circuit 
that the initial surge may be sufficient to transfer 
tu the plates of the condenser a greater charge 
than they would carry at their final P. D., and 
if this occurs there will be a following discharge 
o:- series of oscillations. 

It was -possible in some conditions and with 
some bells to eliminate tinkling by biassing, 
but the effect of fluctuations in the P .D. of the 
ringing bus-bars, the difference between the 
niltage of the main battery "·hen ne\vly charged 
and when discharged, the variations in the 
resistance and composition of lines and the use 
of extension telephones and extension bells, all 
combined to render impossible the commercial 
production and efficient maintenance of bells on 
which tbe biassing spring could be so adjustd 
that ,,·hilst a bell would respond to legitimate 
ringing currents in their weakest condition it 
\\'ould be unaffected by dialling impulses at 
their strongest. 

The circuit shown in Fig. 3, \vhich has now 
been adopted for the standard telephone, was 
first suggested by l\l r. R. L. Bell, of the 
Engineer-in-Chief's Of-flee, in October, 1919. 

Trouble was then being experienced with break­
downs of insulation and the circuit was sug­
gested as a method of avoiding the creation 'Jf 
high dialling P .D's. Tests \Vere made to deter­
mine its efficiency in this respect and it was 
found that the maximum value of the dialling 
P.D. did not exceed 180 volts under any 
practical condition. 

The impulses as repeated at the contacts of 
the line relay were also found to be less distorted 
when using this circuit than with the earlier 
circuits, and since ail switching equipment sup­
plied up to that time had been developed for 
use with telephones connected to the earlier 
circuits the various manufacturers concerned 
(viz., :vlessrs. Siemens Bros. & Co., the Western 
Electric Co. and The A.T.M. Co.) were supplied 
in February, 1920, with a copy of the proposed 
new diagram and asked to say whether a change 
in telephone circuit from Fig. I to Fig. 3 would 
adversely affect the operation of their various 
equipments. 

The circuit shown in Fig. 3 did not, as 
originally suggested, provide for short-circuit-

ing the transmitter, but for reasons already 
stated this feature was subsequently added. A 
Research Report of January, 1920, in referring 
to the inclusion of the transmitter in the impulse 
circuit stated " In any case, by fitting an extra 
contact on the dial, connections could be 
arranged so that the transmitter is short-circuited 
as well as the recei,·er while the dial is rotating." 
It is, of course, also possible to arrange for the 
short-circuiting of the transmitter by an addi­
tional contact on the switch-hook as is done in 
A.T.Jl. Co's patent No. 177130 (application 
date 29 Aug., 21). 

It was the need "�ith this circuit for an 
additional contact on either the switch-hook or 
the dial that dela\·ed its introduction until after 
the difficulties with tinkling and biassing of 
bells had made themselves apparent in practice. 
It would in all probability have been adopted 
much earlier had the dials in use or available 
been considered capable of operating two in­
dependent pairs of off-normal contacts. The 
dial which eventually permitted of this refine­
ment was developed by Messrs. Siemens Bros. 
& Co. in collaboration with the Post Office and 
was described by CoL Pun·es in his paper 
referred to above. 

\Vhen the dial is " off-norm�! " the impulse 
contacts in Fig 3 are bridged by a 2 microfarad 
condenser in series with the 26 ohm winding of 
the induction coil and when these contacts are 
opened a circuit of comparatively low impedance 
is left across the line relay. Its energy is thus 
dissipated without any considerable rise of 
potential and sparking at the dial contacts is 
practically eliminated. The bell circuit, so far 
as the resulting current surges are concerned, is 
shunted by the two coils of the induction coil in 
series and the tendency to tinkle is so reduced 
that biasing is rendered unnecessary. 

The conversion of the energy of the line relay 
into a current surge with this circuit as com­
pared with a potential surge in the earlier cir­
cuits is extreme! y interesting. The existence of 
the current surge is demonstrated by the shape 
of the oscillograms on page 134 of Vol. 1 7. 
\vhere the reversal of the line current on the 
break of the impulse contacts is clearly ex­
hibited. 

Following on the decision to adopt as stan­
dard the telephone of •Fig. 3, tests were made to 
obtain suitable arrangements for dialling cir-
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cuits on manual boards at private brancu c�­

changes, and it \\as found that the essential 
condition for the production of similar impulses 
\\as the connection uf a 2 microfarad condenser 

across the impulse contacts, but that unless some 
resistance \\ere connected in series with the con­
denser there was a liability for the impulse 
contacts to become blackened and pitted. For 
this reason a 100 ohm non-inductive resistance 
has been connected in series with the condenser 
and the circuit of Fig. 4 which was adopted in 
February, 1925, has been included in all private 
branch exchange diagrams since that date. 

,� local battery telephone for use on long 
lines in automatic areas bas also been developed. 
Its connections are sbmvn scl1ematically in Fig. 
5 and it will be seen that with the dial in the 
off-normal position the impulse contacts in series 
with the receiver winding of the induction coil 
are shunted by a 2 microfarad condenser. The 
whole of the induction coil windings are in­
cluded in the impulsing circuit-the effect of 
this, however, in the character of the impulses 
is negligible. 

A novel and interesting feature of this new 
local battery telephone is the use of a three 
winding induction coil connected on the auto-

transformer principle. The primary object 
aimed at was the inclusion of the receiver in a 
local circuit in order to avoid (or reduce to a 
negligible value) any demagnetisation of the 
receiver by a reversed line current and so render 
it unnecessary to maintain the identity of the A 
and B wires of the line, but it was also found on 
test that the three winding coil had a greater 
transmission efficiency than the standard two 
winding local battery induction coil. For these 
(\YO reasons a similar telephone \\'ithout a dial 
has been standardised for use on Jong lines in 
C.B. manual areas. 

The advantages gained by the use of the 
dialling circuit of the new telephone are clearly 
demonstrated by the fact that a switch adjusted 
to operate through r 200 ohms on the old circuit 
will function satisfactorily through l500 ohms 
on the new. If the time of "make" of a line 
relay on a zero line with 50,000 leak be com­
pared \\'ith that on a 1200 ohm line without leak, 
the ,·ariation with the new telephone is only 
35% of that with the earlier type. 

Thes<> gains are of such value in ensuring the 
stability of operation that it has now been 
decided that all impulse contacts shall be 
shunted by two microfarad condensers. 

A "POINT SOURCE" OF SOUND. 

\\'. \\'EsT, IL\., .�.M.l.E.E. 

T

HE use of distortionless apparatus tor 
com·erting sound energy into electrical 
energy and \·ice wrsa is practically a 

necessity for general acoustic measure1rents. 
.�ctually no truly clistortionless apparatu� exists , 

though the ideal has almost been attained. 
\Vith the development of the art of precise 
acoustic measurement, h uwever, the demand:, 
from such apparatus become increasingly more 
exacting. The problem of the design uf sound 
generators is considerably more clifticult than 
that of sound detectors, since the mechanical 
forces and displacements must m'L·cssaril y be 
vastly greater, amplification being confired to 
the electr i cal circuits; interest in this problem 
extends IW\'llfld those who are i111111ediateh· con-. . 
cerncd with sound rne:1suremen ts. 

Tlw instrument t" fw described \\as recentlv 
deYised in the Post Office Eng·inPPring Rt>search 
Section, and as far as the author is a \\'are the 
d('sign is novel. In this dPsign, in addition to 
t ht: usual requirements of a fiat frequenc v 
characteristic and abst>nce of amplitude and non­
linearity distortion, a furtlwr desirable feature 
\\'as aimed at, namely, that the sound should be 
emittl�d from a small space, so that at even a 

fe\\' centimetres distarne therefrom the ge;�erator 
may be ('(ll1SidPred in effect as a point source ,,f 
sound. 

Thl� instrument ma\ lw considPred as a 
de,·elopment of t lw " Band L(iucl Speaker,"' 

* TV. Schottky: Hlektrische Nachrichten­
technik, iq25, l'ol. 2, p. 157. 
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which operates by the motion of a thin metal 
foil strip placed in a steady magnetic field, and 
carrying the audio frequency electric currents. 
A very much longer strip is used, but this is 
folded into a compact unit which is held in place 
between the poles of a strong magnet. 

l_t \vill be convenient to explain the construc­
tion "·ith reference to a particular instrument, 
which, though merely an experimental model, 
has been useful for the purpose of investigating 
the frequency characteristics of commercial 
transmitters. In this instrument the magnet 
has an air-gap of about 2 ems. cube, with a 
flux density of about 2,500 lines per sq. cm.· 
The strip is of soft aluminium foil, about 0.02 
m.m. thick, 2 ems. wide and 80 ems. long, folded 
at 2 cm. inten-als (i.e., pleated), and mounted 
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with the alternate folds fairly evenly spaced, 
about r m.m. apart, in the air-gap of the mag­
net. The width of the strip lies in the direction 
of the magnetic flux, and the forces set up, due 
to an alternating current in the strip, therefore 
tend alternately to compress and rarefy the air 
contained in the folds, \vhich communicates 
directlv with the outer air. The front and back 
faces of the folded strip are separated by a 
baffle, or by encasing the instrument so that 
only the front face is exposed. 

In common with the Band Loud Speaker, 
there is a choice of two evils in terminating the 
edges of the strip. Either the edges may lie in 
close proximity to thin insulating plates placed 
between the magnet poles and the folded strip­
in which case the whole strip is free to move, 

but there is of necessity a loss due to leakage of 
air past the edges; or the edges may be cemented 
to the insulating plates-thus eliminating leak­
age, but imposing constraint on a portion of the 
strip. The latter method is preferred with a 

very soft and flexible strip, such as the one 
under consideration, and it results in a reason­
ably robust and stable structure. 

Although no complete record of the perform­
ance of the instrument has been taken, the 
acoustic output has been measured over the fre­
quency range of 250 to 3000 cycles per second. 
This is shown in the figure in terms of acoustic 
pressures at a distance of 3 ems. from the instru­
ment, \vith an electrical input of about o.6 amp.; 
since the resistance of the strip was o. I ohm, 
the power input was 0.036 watt. There is also 

2.000 3000 

evidence that the general level of the curve is 
well maintained at considerably higher and 
lower frequencies. It is significant that, owing 
to the small mass of the vibrating part, and the 
direct manner of application of force thereto, 
there is a complete absence of sharp peaks or 
valleys in the curve, \vhich is therefore capable 
of fairly accurate levelling by simple means, 
such as by bluntly tuned circuits in the amplifier. 

The efficiency of this instrument is somewhat 
low, and it is of interest to consider possible 
means of increasing the acoustic output. The 
use of a stronger magnet will, of course, achieve 
this object, but the dimensions of the strip and 
air-gap have also to be considered. The thick­
ness of the strip affects both the flexibility and 
the electrical conductivity of the material, and 
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since, in practice, the thinnest foil which can he 
obtained in adequate lengths is used, this dimen­
sion will be taken as fixed. The input power 
(I2R) and the magneto-motive force will also 
be taken as constant, that is to say it will be 
assumed that there is no appreciable drop in 
M.M .F. in the iron circuit of the magnet for the 
variations in the air-gap under consideration. 

Let l = total length of strip . 
d = width of strip. 

Suppose that a portion of this width = k re­
mains fixed (this portion being independent of 
the width but dependent mainly on the flexibility 
of the strip), while the remainder vibrates witl1 
an amplitude of displacement = a; then l (d - k) 
is the vibrating surface. Actually the strip does 
not vibrate exactly in this fashion, but an appro­
priate value for k will give equivalence to 
the actual motion. The electrical resistance 

R a: �' and since the input power is fixed, the 

current I a: J � 
If it be assumed that the resistance to motion 

is made up of inertia, frictional and radiation 
components, each of which is proportional to 
the surface area in motion, then at any given 
frequency the mechanical impedance Z is pro­
portional to this area ; 

i.e., Z ex l(d - k) 

For a constant l\I.l\I.F. the flux densitv Bex 2---
• d 

. ( d - I') The force F on the mm·ing part ex J3. l. I. .o.�-' 
d 

(d - k) since I d is the current in the moving 

part. Hence the amplitude of motion a ex £_ 
z 

a: and the volume of air displaced = 

d v ld. 

a. l. (d - k) a: J-r (I - � ) This is a maxi-

mum for variations of d, when d = 3k. 
Thus the efficiency may be expected to in­

crease with the length of the strip, and, for a 
given length, to attain a maxmium for a par­
ticular width which depends mainly on the thick­
ness and physical properties of the material. 
This maximum is, however, not very critical. 
The length of strip may be increased by in­
creasing the lateral dimensions of the air-gap, or 
by closer folding, \vhich, hmvever, should not 
reach the limit when attenuation of sound be­
tween the folds becomes appreciable. 

The further development of this design for 
other pu�poses is under consideration. 
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COLLAPSE OF A BUILDING IN CORNHILL. 

II. C. �rnNI·:, i\1.1.l�.I�. 

0 � the morning of Sunday, .\ugust jlh, 
the Sundav papers published the 
sianling announremem that part of :1 

great block of ul1ices, li\'l! storirs high, had 
lollap:,,c><l in Cornhill, one of 1he most usc'd 
ilwroughfan·s in 1hc Cit.1 of London. The 
rull:q>Sl' orcurn·d just lwf11n· 111idnigh t nn Satur­
day. :ind thC' "ritPr li:11·ing lwen ach-ised in the 
rarl1· hour� of Sunda_1· nrnrning by 1he 'i1.1· 
l)olicv 1l'a::-. by Llw tinw !ill' rl'pons \\'ere pub­
lislwd acti\'l�ly Pngagcd in cnder11·t1uring to 
as1·c·n:1in tile 1•xten1 of 1lw damage 10 the Pust 
Ollin· nwin route along Cornhill. 

Si ncl' the \\·a r c:-..t ensi n· recon:-.t rurt ion "or ks 
h:1n· lwcn carried c1u1 in till' Ci11· of London 
and P11nwrnus office� lw\'C· Ileen rl'built, the older 
propl'rliL·s lwing rt•phtn·d by pal:11ial s1rnct11rt·s 

of s1t•c·I, rcinforcl'd concrl'H' and �lone. I ;1 

Cornhill, pn•miscs had lwt>n acquired by Llo.\'ds 
Hank for the purpose of extending their I lead 
Oflicrs and for the pnst fl'11· months demolition 
of 1he old propcrti1's nnd ex1ensi1·c cxca\'al ion 
\\Ork-; 11 ere in hand. Thl' si1e, \\'hich had bern 
exc;11-;1trd to n cl<'plh of approxinwtrly 50 ft., 
had twrn suitahh· timbcrPcl '1ncl tlw rnad\\''1\' 
side shut1cn·d '1ncl supponrcl. ilw 11·ork being in 

thc h:1ncls of n firm of hi!Zh rrpu11· in till' Cit�· of 
l.ond11n. TIH' sit<' adjni ns 1 hC' pro pert _I' of the 
Comnwrcial l 'nion .\ssuranrt> Compnny, and ii 
i,; probabl.'- \\'Cll knm1·n 10 many of my readers 
1 ha1 (lne of 1 he pro pert i<'s demol is heel in ordN 
10 pro\'ide for the Bank extension was the re-

no\\·rwd ·• Birch's" lrnp I louse. This housC' 
11·no., c11w 111 llw f,.,,. rrrna1n.ng I �\� '' itli old 

Fu l SJJ 1 1\1\IH>t 111·11 11 tt·t! Cott 1P�E Uf Bl'JLL>t�l .. 
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London and there was universal regret that such 
an interesting building had to be removed. The 
shop front has, however, been preserved and is 
no\\' in tlw London i\I useum. 

On the Saturda\· afternoon settlenwnts wer<' 
obsen·ed in the \\'est wing of the Commercial 
L'nion Offices and precautionar.'· steps were al 
oner taken. The settlement, however, de­
veloped during the evening and in spite of all 
Ffforts thP \\est wing unfonunateh· collapsed 

The firs t line "·as laid in 1900-1, consisting of a 

rwst of 13 octagonal ducts in concrete. The 
second 1 i nr of r 5 octagona I ducts was laid some 

15 years agn, making 28 in all. The Cornhill 
route proYic.les on<' of t hP main Trunk and 
Junction arteries bet\l'een the Cit�-, East London 
and the Eastern Counties and it contains three 
trunk c<ibles-Lonclon-Brentwoocl-Marks Tey, 
London-Sout hPnd and London-I� omf ord, one 
main Telegrnph Cabl<' from tlw C<'ntral Telf'-

Fie. 2.-PosT 01'F1CE l'vl111N DucT ROUTE BENl;ATll ROADWAY AFTER SUBSIDENCE. 

about midnight. The falling building swept 
a\\·a,· t hr whole of the fool\rn.,· and the roadwav 

. . 
. 

shuttf'ring, "·ith the result that a miniature land­
slide occurred on the road side, the subsoil 
falling into the pit, lea,·ing only 12" of concrete 
a-; the support of the roadway at this spot". 
f-igs. I and 2. 

Beneath the roadway concrete, al a depth d 
5

1 to 6', the Post Office had two main lines of 
ducts lying adjacent to each other. Fig. 2. 

graph Office, ten junction cablc:s and 6 sub­
scribers' main cables, in �Ill close upon 7000 
Ii nes. Jn addition to the abo,·e, there \\'ere 6 

Pneumatic Tubes to !�ranch Offccs in the City, 
three of \l'hich were brokl'n dcJ\\'11, and the cables 
serving subscribers in adjoining buildings. 

It will be seen from Fig-. 2 that both duct 
lines haYe gradual!_,. sunk "·ith the falling away 
of the subsoil, the greatest depth of the curve 
from the roadway level being about 15 feet. It 
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was indeed a fortunate circumstance that the 
roadway concrete withstood the shock of falling 
masonry, as otherwise the telephone plant must 
inevitably have been destroyed, with disastrous 
resul!s. As it was the cables took up the strain, 
supporting the surrounding ducts and concrete 
over a distance of 60 feet. The cables remained 
in working order after the subsidence and were 
maintained under these exceptional circum­
stances until the diversions were effected. This 
is clearly seen in Fig. 2. At the time of writing 
it has not been possible to examine the cables 

pos1t1on with the bearers hanging and m 

se\'eral instances the joints had been drawn up 
the duct so that the centre point of the jointing 
sleeve was at the duct face. 

1\s a result of this survey it was decided to 
construct a temporary route on the north foot­
\vay of Cornhill, using 800, 600 and 300-pair 
lead covered cables. Pits were opened in the 
roadway O\'er the duct lines at two points on 
either side of the subsidence, approximately 80 
to roo feet from the same. (See plan). These 
pits were excavated down to the duct lines, the 

,q,qN .5H&:W/Nf'7 /l'.7.<1/N Roures /N CaeNH/l.L £_ 
�S/770N OF ..:SUBS/LJENCC BY 20-23 CaRNH/LL 

as there is danger of a further subsidence of the 
subsoil should there be any movement of the 
cables in the route. 

An examination of the manholes on either 
side of the subsidence showed that the cables 
had been considerably strained. In the man­
hole on the east side at Birchin Lane, the cables 
originally rested on bearers built up from the 
floor level, the ducts entering the manhole 
approximately two ft. above the highest cable 
tier. The cables in this manhole, which was 
140 yards away, were lifted into a horizontal 

concrete surrounding the ducts broken away and 
the cables exposed. Trenches from these pits 
were cut through the roadway concrete, across 
Cornhill to the north footway to meet the 
temporary route. The wooden trough for the 
protection of the lead covered cables was con­
structed ,dth 911 x 3" timbers, braced at 18" 
intervals by 711 x it" boards as stiffeners. This 
formed a strong troughing and it was well that 
such provision had been made, as in the sub­
sequent operations of other contractors engaged 
upon building restoration work, the cables 
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Fie;. 3. Orrn,1T16Ns IN Co1rnH1u. s11ow1sc CADLE� 

IN TROUCHJNG. 

\\'Ould undoubted!.'· ha\'e been badly damaged 
on ilw temporary route by the hea,·y baulks of 

I i111lwr and gircl('rs \\'hich \\'('fl' brought on to 

the site for shoring purposes. The troughing, 
with the diver ion cables in position, will be 
seen in l� igs. 3 and 4. The troughing contains 
12 main cables, into which hm·e been diverted 
the whole of the l ines from the 20 main cables 
in the original route. Por further protection 
the cable troughing has been closely boarded. as 
"·i II be seen in the foreground of Fig" G. 

It should perhaps be mentioned that it was 
ori;rinall_v intended to divert the rabies at a 
point So ft. east of the area of subsidence, but 
O\\'ing to subsequent t rouble, \\'hirh nece itated 
the shoring-up of part of the r nsurance build­
ing, it was deemed inad,·isable to continue at 
this spot and the jointing position was shifted 
further east to the nearest manhole by Birchin 
Lnne. ( ee plan). 

VOL. XX. 

Prom Fig. 2 it will be realised that the stress 
on the cable route was a serious factor and likely 
lo cause trouble as thC' proress of rhanging o,·er 
the cables progressed and the making spare of 
the old route nPcessaril\' released the cables. 
To guard against any sudden col lapse of the 
route during rhanging-o,·er operations, the pit 
whirh had been ciperwd at the point nearest the 
s11bsidenct' \\'as strongly timbered and two 
s" x .. j." Slt't'I girders sunk in a wrtiral position 
and lashed to the " \\'alings" in the excavation. 
�ach cable in tht> route was then secured by 
means of stranded steel nexible scaffold ties and 
fastened to the s1eel girders. This precaution 
was ampl.'· justified, as upon rn tting spare the 
last conductors in the first cnble changed over 
the old cable slipped quite 6", that is, until the 
stress was taken up by the scaffold tie. The 
same thing happened wilh 01her rabies so that 
the route \\'as secured throurrhout the \\'hole of 

F1G. 4.-TROUC.lllNC LOOJ.:ING SAST TOll'ARDS 
B1RClllN LANll. 

N 
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the operations. There have necessarily been 
many anxious moments during the diversion 
period, but by careful attention to points of 
dc1ail and " safety first" devices the route was 

ccurcd from total collapse and a successful 
lran fer elTected with but ,·erv few faults on 
working circuits. 

There is, however, a humorous side which 
should perhaps be recorded. During the first 
week following the subsidence, newspaper re­
porters were very active in securing copy and 

FIG. 5.-THE POST OFFICE TAKES 

the men employed upon the work were qu .s­
tioned by individuals thirsting for information. 

A somewhat alarming report appeared in 
several daily papers that the jointers on the 
work were seriously troubled with mosquitoes 
and rats, and were in danger of electrocution by 
exposed high tension mains or asphyxiation by 
gas. 

The truth is that one jointer reporting for the 
night shift had been working in his garden 

before coming on duty and just mentioned that 
he had apparently been bitten by a mosquito. 
Also one poor, misguided rat, somewhat scared, 
escaped along Cornhill. The high tension 
main was enclosed in a 3" pipe and, although 
passing through one corner of the jointing pit, 
was protected with concrete, whilst the gas arose 
from the sourness of the soil often met with 
during excavations adjoining gas mains where 
leakages have been remedied. Following the 
reports, however, the writer rcrei,·ed many 

POSSKSSION OF CORNMILL. 

letters of sympathy from well meaning persons, 
advice for dealing with mosquito scourges, 
household remedies, etc., together with visits 
from commercial travellers cager to bring 10 

notice cures for all insect troubles and vermin 
destructors. 

Two interesting pholographs have been taken 
showing the Post Office activilies in Cornhill 
shortly after the trouble occurred. Figs. 4 and 
5 showing the drums of cables and cable 
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trough-'' the Post Office takes possession. of 
Cornhill "-and a recent picture (Fig. 6) show­
ing Cornhill spanned by a derrick with the area 
of subsidence in the distance, literally " Corn­
hill in splints." 

The trenches across the road way have now 
been plated O\·er with half inch boiler plate and 
coYered with 1211 of strong concrete, so that 
lorries containing timber and building material 
can pass over to the site. At t"l1e point where 
the cables leave the trench for the troughing, 
baulks of timber, measuring 12• x 12•, act as 
fenders screening the cables from traffic dangers. 
In addition, a guard rail has been pro­

vided, as the footwa,· on the north side of 
Corn hi 11 h�1s been ope ;1ed for pedestrian traffic. 

fn conclusion. it should be 111entioned that the 
Cit_,. Engineer considerabJ,· assisted matters by 

i111n1ecliat<'I_,. granting foci iities for opening- th
.
e 

ground so as to gl 't acc<'ss to plant. My thanks 
arc• also clue to m�· .\ssist;int Engineers, Chief 
I nspecl o rs and nil ,,·ho so readily and unspar­
ingl_,. gn,·e up wh:it would normall \· be their 
recreation time in order to further tl�e work of 
rC'sluration nnd last, b111 not least, to tile jointers 
;ind matC's who worked so lo_,·alJ_,. to restore and 
secure cnmmunic;itions over this important 
rout<'. Fin. 6.-CORNHll.I. IN SPLINTS. CAIJLE TllOUClllNC. IN 

FOREGROUND. 

AIR SPACE, PAPER CORE TELEPHONE CABLES OF THE 
TWIN, MULTIPLE-TWIN AND QUAD TYPES. 

:\. \fo1rn1s, i\ .R .C.Sc., D.T.C., WH. Ex., ·M .f.E.E. 

S
YNOPSIS.-Gives the hislory of Twin, 
Mlilliple Twin and Quad type cables. 
Co 111pares the direct a 11 d 11111/ital capacity 

ratios a11d disrnsses lhe utilisation in the various 
core types oj tlieir direct capacities for cirwit, 
purposes. Gives representative figures for 
capacity deviations a11d capacity 1mbalances of 
f,-.-;lory lengths of Modern high-grade cables. 
.Siate.'i t11e feal71res governing the linear 
dimensions of telephone cables. Describes the 
electrica I req u,ire111 en ts of I he various classes of 
telephone circuit-local, junction and long­
distance - and disc11sses the technical and 
economic features governing the choice of cable 
type. 

Genera.1.-U nclergrou nd telephone cables in 
general utilise paper lappings for the purpose 
of securing an air-sp;ice separation between the 
conductors. Such cables are referred to in­
dustrially as " Dry Core" cables in contra­
distinction to the impregnated cables of power 
systems. They are more completely described 
as " Air Space, Paper Covered " cables in 
particular reference to the compound dielectric 
which consists principally of dry air . 

The modern dr_v-core cable represents the 
present stage of development of cable com­
munication circuits in which a relatively small 
electrostatic capacity and low energy loss in the 
dielectric as well as great economy of space are 
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combined with considerable immunity from 
electrical disturbance. Compared with the 
gutta-percha covered, and other early types of 
cable, they are in all the respects enumerated, a 
considerable improvement. 

The general construction of dry-core cable, 
from the point of view of the provision of the 
dielectric is essentiallv universal. Such cables 
are classified into types according to the 
formation or mode of relatiYe arrangement of 
the conductors into units or cores, whilst cables 
of the same type differ from each other only in 
respect of their make up, i.e., size or gauge of 
the conductor and the arrangement of the unit 
cores into layers. 

I 
I 

I 
\ 
\ 

\ 

', 
', �' 

-........ -

TWIN 

�LTIPLE TWIN 

STAR QUAD 

twinning of conductors for the formation of 
telephone cable circuits was in general use bv 
the year 1887 and was the outcome of the 
principles enunciated in 1879 by Prof. Hughes(•J 
in a paper dealing "'ith interference in aerial 
lines. 

Multiple Twin Cablcs.-Another type of core 
may be obtained by the successive twinning of 
pairs or basic type cores in the manner described 
by Frank JacoV2J in 1882. Thus for a two-pair 
or four-wire Multiple-Twin core, two pairs are 
twisted together; for a four-pair or eight-wire 
Multiple Twin core, two such two-pair cores are 
twisted together and so on. Multiple-Twin 
cores consisting of more than two pairs are now 

Fig. shows make-up of Twin, Mui tiple Twin and Star Quad Conductors. 

Each type of telephone cable is built up by 
cabling a number of unit cores into layers, care 
being taken in modern cables to avoid inter­
ference by arranging for adjacent cores to have 
different lays. The cores are arranged in each 
layer in the form of helices, all the cores of any 
particular layer being spiralled in the same 
direction with the same pitch. The spiralling 
of adjacent layers is of different and reversed 
pitch. 

Twin Cables .-The basic type of core in all 
modern telephone cables is the two-wire unit or 
Twin type core, in which two conductors are 
taken and twisted or twined together-as in the 
manufacture of rope-to form a pair. This 

obsolete, the two-pair :Multiple-Twin cable 
described in 1903 by Dieselhorst and Martin/3; 
in which two pairs of different lay are twisted 
together with a lay, different from either of the 
pairs, being the standard .i\iultiple-Twin type. 
In the British Isles such cables are referred to 
as " M .T." type, on the Continent of Europe 
as "D.M." (Dieselhorst-Martin) type, and in 
America as " Duplex " type cables. In all 
cases physical circuits are formed upon the con­
stituent twin pairs. 

Quad Cables. - If four conductors are 
arranged at the corners of a square and then 
stranded together in one process about a com­
mon axis with a definite lay, as in the early 
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gutta-percha covered telegraph cables of the 
year 1882, a four-wire unit called a Quad type 
core is obtained. Such a core is generally 
regarded as constituting a basic type, although 
a similar four-wire lay-up may be secured in a 

two-pair J\Iultiple Twin core in which the pair 
and multiple pair lays are the same. 

Since their inception it has been the practice 
to arrange for each pair of diagonally disposed 
conductors of a Quad to form a physical circuit, 
and in recent years Quads worked in this 
manner have been referred to as " Star 
Quads."(4J In some modern Quad cables 
physical circuits have, however, been formed 
upon adjacent conductors as in the Jordan­
Haugwitz Quad. Quads \VOrked in this manner 
are referred to as " J .H." Quads/"J If the 
Quad type core is regarded as a Multiple-Twin 
core of equal wire and pair lays, then the J .H. 
Quad utilises each of the constituent twin pairs 
as a complete physical circuit, whilst the Star 
Quad forms each of its physical circuits upon 
one wire of one pair and one wire of the other 
pair. In addition,· for J .H. Quad working, such 
constituent twin pairs would have wire crosses 
inserted in them at certain intervals of their 
length, for reasons given later. 

Great difficulty was experienced in securing 
symmetry of formation of the early Quad type 
core when applied to dry-core cables, with the 
result that considerable interference difficulties 
were encountered. The interference resulted 
from the unstabilitv of make-up, and such a 
J�rge amount of te�ting \\·ork was involved in 
ascertaining by trial the crosses necessary to 
neutralise the disturbances, that underground 
A.S.P.C. Quad cables fell into disuse for tele­
phone purposes shortly after their introduction, 
although they survived for telegraph purposes 
for a period of about ten years. 

The Quad type as originally designed for 
gutta-percha telegraph cables and as constructed 
for short gutta-percha telephone cables in 1891, 
did not give rise, in a very marked manner, to 
this interference difficulty. This was due in 
some measure to the fact that steps were taken 
to secure stability by forming the quad on a 
centring of hemp. This mode of construction 
although followed in the early dry-core Quad 
cables did not give the desired results, owing to 
the non-rigid nature of the loosely paper-wrapped 
wires constituting the cores. In the modern 

design, a stiffening of the paper tubes has re­
sulted in the accurate and permanent centralis­
ation therein of the conductors, whilst a central 
string upon which the covered conductors are 
bedded is used for the purpose of ensuring 
symmetry of the cores. This extremely im­
portant feature of centralisation of the con­
ductors within the paper tubes may be secured 
either by the use of specially creased or cor­
rugated surfaced paper wrappmgs or by a spiral 
whipping of stnng directly next the conductor, 
over which the msulatmg paper is tightly 
wrapped. 28 miles of 19 Quad, 150 lb. con­
ductor cable00J was manufactured in the year 
1898 and laid between Cricklewood and Eddles­
borough, as part of a London to Birmingham 
non-loaded telephone cable. With modern 
methods of manufacture, Quad Cables have 
been revived in Germany under the general title 
of " Spiral-four " cables, the two methods of 
working which have, as already indicated, been 
referred to as '' Star '' and '' J .H.'' 

Side circuit working upon adjacent conductors 
of a Quad is accompanied by inherent inter­
ference difficulties, quite apart from manufac­
turing irregularities, owing to the fundamental 
electric and magnetic coupling of the side 
circuits. This objection has been overcome by 
Drs. Jordan and Haugwitz, of the A.E.G., in 
their J.H. Quad, in which wire crosses have 
been inserted in each side circuit at intervals of 
about three metres. The crosses extepd over a 

distance of a few centimetres and are inserted 
during manufacture by means of a special 
machine. A cross in one side circuit is located 
at a different place along the core from the cross 
in the associated side circuit. 

Careful consideration bas recently been given 
to the use of Spiral-four cables by the Telephone 
Administrations of Europe and such cables have 
been brought into use in certain countries, 
notablv in Holland and N orwav. A Ouad cable . . � 

containing 254 pairs of 40 lb. conductors was 
manufactured in England in 1925 for the British 
Post Office, and laid between London Toll Ex­
change and Ealing, a distance of about ro miles. 
Several other similar cables have recently been 
manufactured for the Department. A Quad 
cable between Utrecht and Rotterdam, a distance 
of 57 .2 kilometres, containing i.29 and i.67 mm. 
conductors. was completed for the Dutch Admin­
istration in 1926. The J .H. cable has during 
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the last few years been utilised together with 
J\I .T. cable in the German long-distance net­
work/") It is also understood that a J .H. Quad 
cable has been installed between Brussels and 
Aix la Chapelle, a distance of about 150 kilo­
metres. 

Star Quad cores are employed in modern 
continuously loaded, paper insulated, double 
lead sheathed, Submarine type cables. The air 
space in such cables is relatively small, the 
dielectric consisting almost wholly of paper. 
The Anglo-Dutch Nos. 2(11J and 3(12J the Anglo­
Belgian (1926Y'") and Anglo-Frenc.h (1926Y14' 
cables are examples of this type . 

. Direct and M�utual Electric Capacities.-The 
direct and mutual electric capacities of the cores 
of telephone cables have been defined in a pre­
vious article/HJ It is shown therein how the 
rnagnit udes of the direct capacities differ within 
certain limits for the various cores of a given 
multi-core cable and how such capacities may 
differ within even wider limits for the cores 
of different cables of the same type and of 
essentially the same side circuit mutual capacity. 
It has also been shown in the article just referred 
to how the direct capacities of a M.T. core com­
bine in constituting the side and phantom circuit 
mutual capacities. In a more recent article(17J 
the case of Quad cables has been considered. 
For the purposes of the present article, general 
a\ erage figures, based upon actual measure­
ments, for the direct and mutual capacity ratios 
of balanced cores of Twin, Multiple Twin and 
Star Quad type cores are given in Table No. I. 
Estimated average figures for these ratios in the 
case of balanced J.H. Quad cores have also been 

included in the same Table. Throughout this 
Table, mis the direct capacity between the wires 
of a pair circuit, w is the direct capacity between 
the wires of the different pair circuits of the same 
core, and a is the direct capacity of each wire to 
al! other cores of the cable, assumed connected 
to the earthed lead sheath. S, the mutual 
capacity of a side circuit, is equal to ( m + a/ 2 ) 
in the case of a Twin core and to ( m + w + a/2) 
i•1 the case of each of the other three core types, 
P the phantom circuit mutual capacity for such 
types being equal to (4w + a) . 

The modern Star Quad utilises the direct 
capacity network of a four-wire core in the most 
efficient manner for the production of a side 
circuit of minimum relative capacity. Alter­
natively for a Star Quad core of the same side 
circuit capacity as for a J\I.T. core, the space 
occupied is smaller. It is in this respect that 
the principal advantage of the Star Quad cable 
lies, although this advantage is only obtained at 
the expense of a very much greater phantom 
circuit capacity. 

The J .H. Quad permits uf a more equitable 
utilisation of the direct capacities of a Quad 
core for side and phantom purposes respectively, 
and as far as can be seen it is in this respect that 
it presents advantages over .the Star Quad. It 
has no advantage over the M.T. type in this 
respect. Neither has it the advantage over 
l\I .T. cable that the Star Quad has in respect of 
space. An economic advantage over M.T. 
cable in respect of cost of manufacture and a 
technical advantage in respect of uniformity 0f 

mutual electric capacity have been claimed for 
the J.H. Quad. 

TABLE No. I. 

l;ENER:\L AVERAGE CAPACITY RATIOS FOR TELEPHONE CABLE CORES OF VARIOUS TYPE. 

Core type. 

Twin 
Multiple Twin 
J.H. Quad 
Star Quad 

m/S 

0.47 
0.36 
0.35 
0.10 

Capacity ratios. 

-
- ----

-

-------
-

-w/S a/S 

1.06 
0.18 0.92 
0.23 0.84 
0.42 0.96 

I 

I 
Remarks . 

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

-
-

-
- --

-
-

P/S

---

1 . 

--------
i.64 
i.76 
2.64 

Test values. 
do. do. 

Estimated values. 
Test values. 
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Mutual Electric Capacity Deviations of Fac­
tory Lengths .-For two-wire duplex telephone 
repeater working of cable circuits, an important 
item of the repeater equipment is the line balanc­
ing network. This electrical network simulates 
the impedance of the line to which it is 
connected, at those frequencies of the audio 
frequency range which it is necessary to trans­
mit in order to ensure the desired quality of the 
received speech. The extent of impedance­
frequency correspondence of the line and its 
normal basic network will depend upon the 
uniformity of length distribution of the electrical 
constants of the line. In modern cables the 
length distribution of conductor resistance and 
of leakance is normally essentially uniform. 
Furthermore, the inductance of loading coils 
and the lengths of loading coil sections of cable 
deviate only very slightly from their respective 
average values. Owing, however, to the special 
features of multi-core telephone cable design and 
manufacture it is seldom possible to obtain the 
same value for the mean mutual capacity of the 
circuits of each iayer of any particular cable 
length, or the same value for the mean mutual 
capacity of the circuits of a particular layer in 
each length of a complete cable. Furthermore, 
the mutual capacity of any circuit of a cable 
length will generally differ from the mean 
mutual capacity of all similar circuits in the 
same layer of the same length. These differ­
ences are referred to as capacity deviations and 
are conveniently classified into " Circuit " and 
" Length " deviations. Such deviations are 
inherent to commercial processes and, unless 
they are maintained within narrow limits, will 
cause instability of the system. Length devia­
tions of the electrical constants of a circuit give 
rise to deviations of the actual impedance­
frequency characteristics from the mean char­
acteristics for that circuit. The magnitude of 
these latter deviations, at the higher frequencies 
within the cut-off point, may be such as to give 
rise to a value for the singing-point gain of the 
associated two-wire telephone repeater, which is 
too low in comparison with that of the normal 
working gain of the repeater. The direct con­
sequence of this would be a decrease in the 
working range of the circuit. 

Circuit Deviation. - The electric capacity 
deviation of a circuit is the difference of capacity 
of that circuit from the average capacity of all 

similar circuits of the same group in the same 
cable length, expressed as a percentage of the 
average capacity of the same group of circuits 
in the same length. 

Length lJeviation .-The length deviation of 
capacity of a group of circuits of a cable length 
is the difference between the mean electric 
capacity of the circuits of that group of that 
length and the average mean capacity of the 
circuits of that group, of all the lengths of the 
complete cable, expressed as a percentage of 
that average mean mutual capacity. 

The International Specification for M.T. 
cables specifies 4 % as the maximum value for 
the mean circuit deviation of the pair or phantom 
circuits of a factory length, and 12!% as the 
maximum value for the maximum circuit devia­
tion of any pair or phantom circuit of any 
factory length of a complete cable. This 
Specification does not deal directly with length de­
viations of capacity, but narrow limits are secured 
in this respect by the practical operation of the 
clauses limiting the actual magnitude of the mean 
mutual capacity of side and phantom circuits. 

As far as the pairs of M .T. cables manu­
factured in this country are concerned no 
difficulty is experienced in meeting the above 
circuit deviation figures, whilst average length 
deviations of from r.5% to 3% are obtained. 
Phantom circuits of M.T. cables are invariably 
more uniform for capacity than the pair circuits. 

Very large capacity deviations occur in the 
manufacture of Twin cables, the actual mag­
nitudes occurring in practice being much 
greater, especially in respect of circuit devia­
tions, than those quoted above for M.T. cable. 

Quad type cable appears to lend itself to great 
uniformity of mutual capacity, experience to 
date in this country indicating smaller devi

'
ations 

of the pairs of Star Quad than for those of M.T. 
type. Table No. II. gives representative figures 
for the M.T. and Star Quad types. 

The necessary capacity requirements of re­
peater sections of cable are secured in modern 
cables almost entirely by limiting the circuit 
and length deviations of capacity in the manu­
facturing stage. In conjunction with the exer­
cise of this manufacturing control, grading or 
the allocation of factory lengths to definite load­
ing coil sections is the final expedient for 
minimising length deviations of capacity of 
loading coil sections. Alternatively the addition 
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of electric condensers may be employed for this 
purpose. By means of crossing during the 
jointing of factory lenglhs into loading coil 
sections, almost any desired degree of circuit 
uniformity within such loading coil sections 

may be obtained, thus ensuring, with the con­
sequent o,imilarity of total capacity of such 
circuits, a standard basic network, which with 
minor adjustments may be applicable to th,� 
\\hole of the circuits of a particular group. 

TABLE No. II. 

l\IlJTUAL ELECTRIC CAPACITY DEVIATIONS IN 17t> YARD FACTOR\' LENCiTHS OF l)NDER­

GROUND A.S.P.C. TE LEI'IIONE CABLES. 

Cable 
Type. 

Circuits. Circuit deviations. Length deviations. �·--------
l\Iultiple Twin Pairs ... 

Phantoms ... 

Star Quad ... Pairs . .. 
Phantoms ... 

i 

I 
I 

Average 
··---1 

Mean. 
I 

Max. 
i.88 ' 5.37 
I.12 3.14 

0.87 3.96 
0.65 4.78 

Capacity Unbalances in Factory Lengths of 
Underground A.S.P.C. Telephone Cables.­
Asymmetry in the make-up of telephone cables 
gives rise to inequalities in the direct electric 
capacities of the cable cores. Thus, in the case 
of a single r76 yard length of M.T. cable, these 
inequalities may average 27 parts in rooo, whilst 
they may exist to the ·extent of as much as 80 

parts in rooo in some cores which have been 
badly crushed during stranding operations. 
These inequalities are referred to as capacity 
unbalances ; they give rise to unequal electric 
induction between the wires of different circuits, 
the direct result of which is cross-talk. 

Extensive manufacturing experience of M.T. 
cables has resulted in exceptionally good 
capacit.v balance of this type, not only between 
the pairs but between phantom and pair and 
phantom and phantom circuits. The earth 
balance of the circuits of M.T. cables is also 
very good. 

High grade M.T. cable is much better than 
Twin cable for balance bet\veen pairs and greatly 
superior for earth balance of pair circuits. It is 
thought !hat Twin cables could be improved in 
this respect, despite the rs% (approximately) 
greater direct earth capacity of Twin cables as 
compared with M.T. cables of the same side 
circuit mutual capacity. 

In Star Quad cables the unbalance between 
pairs not in the same quad is much smaller than 

--

Maximum 1--=� Mean. ' Max. Max. 
' 

3·25 I 9.45 1.24 4.07 
2.13 5.90 0.75 2.23 

·
1 1.25 I 5.22 0.58 2·39 

0.75 I 5.63 I 0.42 2.51 
I 

bet\',:een pairs associated in the same quad. 
Furlhermore, the unbalances between non­
associated pairs are, on the average, smaller 
in Star Quad than in l\I.T. cables. The 
unbalances between the associated pairs of 
the cores of Star Quad cable are, how­
e\·er, as far as experience to date in this 
country is concerned, greater than between 
adjacent pairs of T\Yin cables and much greater, 
particularly in respect of maximum values, than 
in l\I.T. cables. ·This circumstance is explain­
able since with equal pair circuit mutual capacity 
in the M .T. and Star Quad types, the direct 
capacities (w) upon which the pair to pair un­
balances depend are about t\YO and one third 
times those of the M.T. type core. The earth 
unbalance of !he pairs is also greater in Star 
Quad cables than in those of l\I.T. type, and 
this mav be accounted for to some extent bv the 

. . 

somewhat greater direct earth capacity. Ex-
tended experience of Quad cables will un­
doubtedly result in improYed capacity balance, 
by reason of the inherent symmetry of this type 
as compared with the M .T. type. 

Table No. III. gives representative un­
balances for British manufactured 40 lb. con­
ductor cables of rno pairs or more and also in­
cludes the figures of the International Specifi­
cation for M.T. type cables. The pair-to-pair, 
pair-to-earth and phantom-to-earth unbalances 
of this Table follow the universally accepted 
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definitions of such quantities. The phantom­
to-pair unbalances are in accord with the pair-to­
pair unbalances, one unit of either producing 

the same amount of cross-talk, i.e., they are the 
usual 2 [(p + q) + u J quantities of cable un­
balance nomenclature. 

TABLE No. III. 

CAPACITY UNDALAJ\CES (ALL OTHER CORES EARTHED) IN 176 YARD FACTORY LENGTHS 
OF UNDERGROUND A.S.P.C. TELEPHONE CABLES. 

Cable 
Type. 

Mean 

Capacity Unbal<inccs in '\I.!\I. Fds. 

Pair to Pair. 

Same Adjacent 
Core. Cores. 

Alternate 
Cores. 

------ -----1-----

20 

Phantom to 
Pair of same 

Core. 

-

-

-
-

-
-

--Pair Phantom 
to to 

Earth. Earth. 

162 -
Twin .. . ------ ---------- ------ ----
------ ------ · 

Max_:___I - I 7
8 ----1· -

46 -
1 3

3

rn

9
- -

-- �

-

2 < Mean l ---;;--1---1 3 
_

_ , 
J 

,\vge. ---- 1 Max. 38 43 9 208 151 433 
·Multiple Twin ------ ----- 1-------I ---------- Max. 

I 
:::: 

-

-'.-:--
__

_ 

6
_

':
----

-
-
=
-
-

-
2
_
:-

_
-�

1
--:----,:-- _ :: 

_
_ 

Avge. 
Max. 116 ---6-r -- -----1 

538 1·--;-4-- ---�-
Star Quad . . . --- ------ 1 ---- _____ __ ] ___ _______ , ____ _ 

!\lax. ------ ----- '\lean 37 I 6 !' - 96 

_____ j ________ ----
-

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

Max. 170 105 - 550 
---- ---- - -------- ··· ----- ----- ----

International 
Specification 
for !\LT. Cable 

'\lax. _
M

_e_a_n ___ 

1

1 __ 
3
_
3 

_______ -------- 1--1_2 _5 
_____ 

12
_5 
____ ___ -_ 

Max. 125 625 600 

Linear Dimensions of i'arious Cable Types. 
-From the complicated nature of the capacity 
network associated with the wires of multi-core 
A.S.P.C. cables, the usual formul� for the 
capacity bet\veen parallel conductors are inade­
quate for the purposes of dimensional design. 
(See Chap. VII., " The Propagation of Electric 
Currents," Prof. J. A. Fleming.) The applica­
tion of first principle considerations to this 
problem is also rendered difficult by reason of 
the uncertainties attending the determination of 
the specific inductive capacity of the compound 
dielectric, its thickness and the mean distance 
apart of the wires in the completed cable. 
Furthermore, owing to the relative closeness of 
the wires, the usual assumptions as to uniform 
distribution of the electric charges over the sur­
faces of t·he conductors are upset by reason of 
their relatively great mutual attractions. In 
practice the determination of the leading dimen­
sions of a cable of a given type containing a 

given number of circuits of a given gauge and 
mutual electric capacity is founded upon prac­
tical data previously obtained as a result of 
experience in the manufacture of similar cables. 
Hational empirical formul� based upon theore­
tical considerations and embodying practical 
data have been evolved for the determination of 
cable dimensions. The constants of such 
formul� take account of the effect of nearness 
of the wires of the cores, the proximity of the 
various cores and the effective specific inductive 
capacity of the air-'paper dielectric. Their 
magnitudes depend upon the type of cure, i.e., 
\\ hether Twin, :\I ultiple T\vin m Quad, the 
thickness, electrical properties and mode of 
application (i.e., whether longitudinal or spiral 
lapping) of the insulating paper, the arrange­
ment of the cores into layers, the degree of per­
missible compression of the outer layers of the 
stranded cable during the sheathing operations 
and the atmospheric conditions�hygrometric 
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stale and temperature-existing during manu­
facture. Various design formul<e .have been 
published from time to time. References (6), 
(18), (19) and (20) apply. 

In any particular cable the actual average 
space per core wi 11 depend upon the mutual 
capacity, the total number of pairs in the cable 
and upon their arrangement in layers, e.g., 
whether a one, two, three or four core centre is 
adopted. The number (a) of unit cores in the 
centre and the number (n) of succeeding layers 
in a cable containing a given total number (N) 
of cores may be arri\·ed at from Tables or 
generally from the relations : -

(3n + a) (n + r) = N, ........................ (r) 

for values of a equal to 2, 3 or 4. If a is equal 
to unity then :-

3n (n + r) = (N - r) . . . . . . . . . . . ... . . . . . ... . .  (2) 

In some instances in practice, particularly in 
the case of Twin cables, it will be found that for 
the values of a and n which exist, the total 
number of cores calculated from the above is 
less than the number actually employed. This 
is because cores additional to those provided for 
in the ab(JYe expressions have been added to the 
outer layers. Some degree of crushing naturally 
results from this practice. In this connection 
it may be mentioned that the capacity require­
ments of Twin cables fur subscribers' circuits 
are not very exacting. The problem in this 
case is mainly one of maintaining adequate 
dielectric strength whilst securing the largest 
number of pairs beneath a given diameter 
sheath. 

The ratio of paper lo air space and the actual 
disposition of the paper with respect to the con­
ductors also influence l he magnitude of the 
a\·erage space per core. For this and for the 
other reasons which have been given, therefore, 
consideration of the relative economic merits of 
the various cable types for a specific purpose is 
perhaps most rational when confined to a com­
parison of the actual diameters underneath the 
lead sheath of commerciallv manufactured cables 
of the Twin, Multiple Twin and Quad types, 
containing about the same number of physical 
circuits of equal mutual electric capacity and 
conduct i \·ity. The figures quoted in subsequent 
pages in regard to this aspect of telephone 
cables are, except in regard to those for the J .H. 

type, based upon such a comparison of British 
manufactured 40 lb. conductor cables. Such 
figures have definite limitations, inasmuch dS 

that for the purpose of a valid comparison 
adjustments have been made in the dimensions of 
the various typt>s considered, on account of their 
differing mutual capacities. Thus, \\hereas the 
modern 1\1. T. cables selected for tl1e comparison 
averaged 0.062 microfarads per mile and were 
characterised by small circuit dedations, the 
Twin cables were of about 0.065 microfarads per 
mile, \\'ith large circuit deviations. The average 
mean mutual capacity of the Star Quad cables, 
so far manufactured in this country, is in the 
neighbourhood of 0.068 microfarads per mile. 
In making the adjustments the approximate 
relation expressed by:-

B 

D = A .v-N' IO c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (3) 

has been used. D is the diameter of the cable 
core, C the mutual capacity of, and N the 
number of pairs. A and B are constants for 
similar cables of the same type and construction 
and of the same gauge conductor, whose mutual 
capacities do not differ by more than about w%. 
The application of the relative figures obtained 
in this manner must, of course, be restricted to 
the general discussion of the. relative economic 
merits for specific purposes of the various cable 
types. 

Classification of Cable Circuits.-A.S.P.C. 
cable circuits are usually divided into three main 
classes in accordance with their respective func­
tions in the cable network of a telephone system. 
The leading technical requirements of each class 
of circuit are stated belO\v, together with the 
main general featur es governing the type of 
cable to be utilised in each case. 

C.B. Subscribers' Circ uits .-For Common 
Battery subscribers' circuits adequate con­
ductivity of the loop as well as high resistance 
and electrical strength of the insulating medium 
are the main considerations; mutual electric 
capacit_v, inductance and leakance, provided of 
course that they are not of abnormal value, 
being relatively unimportant. Such simple re­
quirements are easily secured by the use of 
cables, the materials of which conform to the 
usual standards. In addition, these and other 
desirable features are ensured in the manufac­
turing stage by effectively insulating each wire 
and by utilising the smallest possible space for 
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each circuit, consistent with dielectric strength, 
reasonable freedom from interference and ease 
of handling during constructional operations. 

Twin cables have in the past been exclusively 
utilised for this seffice. The reason for this :s 
probably to be found in the circumstance that at 
relatively large Yalues of mutual capacity, a very 
much greater degree of freedom from interfer­
ence between adjacent circuits is obtainable than 
in other types. Since over a fairly wide range 
the magnitude of the circuit capacity is of little 
importance in this case, the advantage of the 
consequent permissible decreased diameter of 
such high capacity Twin cables has been 
utilised. Such cables, at least for capacities in 
excess uf about ci.07 microfarad per mile also 
appear to be superior to four-wire core cables of 
equal mutual capacity, from the point of view of 
dielectric breakdown voltages. For equal pair 
circuit capacity up lo about 0.07 microfarad per 
mile the Star Quad cable, although at present 
generally inferior to the Twin type in respect 'Jf 
interference between side circuits, is superior to 
it in regard to space, 30% or more additional 
pairs being available for a given diameter cable. 
Such cables have accordingly a distinct advan­
tage in regard lo manufacturing cost per circuit, 
since for the provision of a given number of 
physical circuits a smaller diameter Star Quad 
cable could be utilised, than if the requirement 
were met b.\· either the Twin or M.T. types. 
Such types for equal side circuit mutual capacity 
would be from 12% to r8% larger in diameter. 

The superiority of Star Quad cables over the 
1\yin type, in regard also to earth balance of the 
circuits furnishes another reason for the use of 
such cables in those cases where interference 
from earthed circuits of any description is to be 
apprehended. In regard to constructional costs, 
a measure of wire-to-wire capacity balancing of 
the Quad cable as at present manufactured would 
be necessary in order to reduce the interference 
between associated side cirrnits of the quads, to 
the same ayerage value as exists between 
adjacent pairs in Twin cable. 

Junction and Short Trunk Circuits .-For 
loaded junction and short trunk circuits the 
magnitude of the average attenuation (/3) per 
unit length, and the characteristic impedance 
(Zo) at the mean speech frequency, are the lead­
ing features. Provided the leakance is normal, 
e.g., a value for the dielectric damping constant 

G/C of between 15 to 25, such values of /3 and 
z� will be governed by the equivalent uniform 
average magnitudes per unit length of the 
capacity (C farads, mutual wire-to-wire of the 
line), the resistance (R ohms, loop, line and 
loading coils) and the inductance (L henries, 
loading coils and line) of the circuits. For 
cable of normal design, loaded in accordance 
with the standard schemes, speech transmission 
over such commercial circuits may be computed 
on the assumption that they are electrically 
uniform and homogeneous or smooth, in which 
case and assuming half loading section cable. 
terminations, Z0 and f3 are approximately given 
bv:-

Zo = v C/C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4) 

/3 = � R ,Fc/L=t (R/L) vCl��R/2Zo. (5) 

at least so far as the transmission of currents of 
frequency necessary to intelligibility in such 
cases is concerned. The factor R/L of the 
expression for f3 may be regarded as the con­
ductor damping constant and includes the 
damping of the line and loading scheme. The 
factor invoh·ing the dielectric damping constant 
has been omitted from equation (5) for reasons 
previously given. 

For the transmission of currents of frequency 
outside this range the line cannot be regarded 
as smooth and the characteristic of a coil loaded 
line of " cutting off," or of enormously atten­
uating currents of frequency above a certain 
value, mus! be taken into consideration. 

The value of f3 fur a circuit would appear from 
(5) to depend upon the ratio of C to L for that 
circuit; this is true only if the actual Yalues of 
C and L are of such magnitude as to ensure that 
the frequency band which it is desired to trans­
mit with an average attenuation of /3 is well 
\\'ithin the band be\'Ond which " Cut-off " 
occurs. The frequenc\· (f u) of cut-off is given 
by:-

fo = r/rr v L1 C , .................................. (6) 

where L1 is the inductance of individual coils 
loading the circuit and cl is the total capacity of 
the cable section between two loading coils. Its 
actual magnitude is of considerable importance 
since, amongst other features, it imposes the 
limit for the usefully transmitting frequency 
range of the circuit. The ratio of any trans­
mitted frequency (f) to the cut-off frequency is 
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of frequent occurrence in what follows, and for 
convenience will subsequently be referred to as 
w, thus:-

w = rrf v' L1C1. . ................................ (7) 

From the foregoing it will be understood that 
equations (4) and (5) are valid only in so far as 
cable capacities of normal value are employed 
and the usual standard loading schemes in 
regard to coil inductance and spacing are not 
departed from. Furthermore they apply only 
to frequencies which are well within the cut-off, 
and for which the energy losses in the dielectric 
are relatively unimportant. The loading 
schemes referred to have of course been evolved 
as a result of the above considerations. 

For equal attenuation ((3) of side and phantom 
circuits of a four-wire core, the loading coil 
inductances, cut-off frequencies and wave-length 
constants of the respective circuits will be re­
lated each to each, in a manner depending upon 
the magnitude of the phantom to side circuit 
capacity r2tio (P /S). Similarly for loading coil 
inductances and attenuation as well as character­
istic impedances in the case of equal cut-off fre-

quencies and wave-length constants of such 
circuits. These relations, for frequencies with­
in the cut-off, are given in Table l\o. IV. in a 

general form and also in a numerical form for 
the general average case of �I.T. and Star Quad 
type cables. 

As far as the line only is concerned, the 
requirements of junction and short trunk cables, 
additional to those of Subscribers' cables, relate 
to a sufficiently small a\erage value of electro­
static capacity of the circuits consistent with 
space occupied and electrical stability of make­
up, and to small loss in the dielectric, i.e., low 
power factor ( G / 2rrfC). This latter feature has 
been assumed in the approximate expression 
for (3 given in (5). In addition, a degree of 
electrical balance of the circuits superior to that 
of the previous case is required in order to 
counteract the augmenting effect of the loading 
upon the interference bet \Yeen the circuits. 
Furthermore, if phantom circuits are to be 
worked, a cable type which is essentially free in 
the manufacturing stage, from interference be­
tween its phantom circuits must be utilised, 
since it is not at present practicable to arrangt> 

TABLE No. IV. 

THE LOADING OF SIDE AND PHANTOl\1 CIRCLTrs OF TELEPHONE CABLES. 

Loading design. 

I 

Circuit 
characteristics. 

-
- . . I Loading 

For equal attenuat10n of side I Attenuation constant 
and phantom circuits. 

I 
V,Vave�length constant 
Cut-off . . . . .. 

: Impedance 
--�----- ' 

Side 
Cct. 

General 
Cnse. 

Phantom circuit. 

Case. 
Star Quad 

Case . 
\l.T. I 

.------ I 
,.-------

11-�-I L

-

l�4S -r--�.�::-- --1 
aP/2S 0.82" 

I 1 
/0 f02S/P 1.22/0 
Z, Z,/2 Z0/2 · 

o.66L 
f3 

1.32a 
0.76/, 
Z0/2 

For equal cut-off of side and 
phantom circuits. 

I Loading 
Attenuation constant 
\Vave-length constant 
Cut-off 

: : : 
1· 

. . . 
L 
f3 
a 

f, z, f, 
Z,S/P 

a 

f, 
o.61Z0 I Impedance ::: 

I 

for the svstematic elimination of such inter­
ference during the constructional stage of the 
work. Finally, similar type circuits in the same 
cable should preferably have essentially the 
same average electrical constants, in order that 
they may give similar performance; with 
modern manufacture of the M.T. and Quad 
types, no special steps require to be taken to 

ensure this leature to the degree which is 
adequate for this case. 

Multiple 1\vin cables have in the past been 
extensively used for this purpose. Disregard­
ing the availability of its phantom circuits, tlw 
M.T. type meets the whole of the electrical re­
quirements in so complete a manner as to offset 
any slight advantage in respect of manufactur-
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ing cost per circuit of ordinary Twin cable. On 
the other hand the economic adYantages of Star 
Quad cables in this connection become of 
extreme importance. For the provision of a 

given number of physical circuits an approxim­
ately 15% larger diameter would be required for 
a M.T. cable than for one of the Star Quad type. 
V/ith lead sheathed, armoured cables such as 
are extensively used on the Continent of Europe 
an even greater reduction in the cable price per 
pair, than in the case of the lead sheathed cables 
laid in earthenware ducts in this country, would 
result from the use of Star Quad cable. The 
economic gain resulting from the use of Quad 
cables for junctions and short trunks is minim­
ised only very slightly by reason of the superior 
capacity balance of the factory lengths of M .T. 
cables, since a measure of field balancing of the 
associated pairs would be resorted to in the con­
structional stages of either type. 

The commercial loading of side and phantom 
circuits is based upon equal cut-off (this involves 
equal velocity of propagation within the cut-off) 
for each. From Table No. IV. it will be seen 
that this entails in M.T. cables, an inductance 
for the phantom coil of about o.6 r times that of 
the side coi 1 ; an r8% smaller attenuation and 
consequently a superior phantom circuit of 
characteristic impedance :N% smaller than that 
of the side circuit resulting. In order to obtain 
equal cut-off for the circuits of Star Quad cables, 
a phantom coil of inductance about 0.38 times 
that of the side coil must be used. The atten­
uation of such a phantom circuit \voti!d be about 
32% greater than, whilst its characteristic im -
pedance would be 62 % smaller t ban that of the 
side circuit. An increase of inductance of the 
phantom coil in this case, 'vith a view to im­
proving the attenuation of the lower frequencies, 
would result in a reduction in the cut-off fre­
quency. For example, the use of standard 
M.T. loading units for Star Quad cables \rntild 
,·esult in a cut-off frequency for the phantom 
circuit, about 2 r % smaller than that of its 
associated sidt> circuit, whilst its ayerage atten­
uation over the lower frequencies of this de­
creased transmitting range \vould be about 4 % 

greater, and its characteristic impedance 52% 
smaller. 

As a result of the above considerations, it 
seems to have been generally concluded that 
phantom circuit working in Star Quad cables is 

quite out of question. In this connection the 
availabilit\' of such circuits-of the same cut­
off frequency as the side circuits, but of 32% 
greater attenuation per unit length-for either 
an O\·erall lower grade circuit or a shorter equally 
efficient circuit, for use between intermediate 
stations, should not be lost sight of when deal­
ing with the economics of the case. 

Assuming side and phantom circuit working 
in '.\LT. cables, but side circuit working only in 
Star Quad cables then for the provision of a 
given total number of circuits by means of a 
l\1.T. cable, a smaller diameter could be utilised 
than if the requirement were met by the Star 
Quad type. The Star Quad type would be 
about 7% larger in diameter and would require 
50% additional conductors. The same total 
number of loading coils would of course be re­
quired in the two cases, although for the M.T. 
circuits one-third of the total number would be 
of the more expensive phantom type. Further­
more, transformers to the number of four-thirds 
of the total circuits, as well as additional 
apparatus for any special signalling system 
which may be utilised, would be required for 
use at the terminals of the M.T. cable. Owing­
to the increase of resistance of the side circuits 
of the M .T. core by reason of the inclusion of 
the phantom circuit coils, equal attenuation of 
the side circuits in the two cable types would be 
ensured by something less than a 50% additional 
weight of copper in the Star Quad type. The 
choice of M.T. or Star Quad cable in this case 
would be determined mainly on economic 
grounds, in respect of which only the more 
obvious features have so far been dealt with. 
The question of the greater convenience of side 
circuit working as well as considerations relating 
to fault maintenance of the two cable types 
should also affect the choice. 

Assuming that the spiral four cable is actually 
superior to the M.T. type from the point of view 
of manufacturing cost, it would appear from the 
foregoing that this advantage, as well as that of 

greater uniformity of mutual capacity, could be 
most economically secured in the general case 
by the use of this type in the form in which its 
phantom circuit can best be utilised, i.e., in the 

J.H. Quad form. For a given number of 

circuits provided by l\f. T. and J. H. Quad types 
respectively, the latter type cable would perhaps 
be slightly smaller in diameter than the former, 
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and might therefore show some economic 
advantage on this account also. As an offset 
to this feature, the Quad phantom circuit would 
be inferior to the 1\1.T. phantom circuit owing 
to its somewhat greater mutual capacity. . 

Long Distance Repeatered Circuits.-For a 
coil loaded circuit the complete expression for 
characteristic impedance1"'; is less simple than 
that given in equation (4)· It contains resist­
ance and reactance components, the magnitudes 
of which are dependent upon the lengtl1 of the 
end cable section and upon frequency. The 
complete expression is necessary for the purpose 
of calculations relating to long·-distance circuit 
working. If the length of c�ble situated be­
tween the end of the line and the first loadinrr 

·1 
b 

co1 , expressed as a fraction of a normal loadina 
. 

� 

sect10n length, be equal to x, the resistance (A) 
and reactance (B) portions of the characteristic 
impedance, at a frequency f are given by(22J :-

A = v'(1 :__ w2)T/C /[ l - 4x( l - x)w2]. • • . . . (8) 

B = v'L/C(1-2X)w/[1-4x (1-x)w2]. • • •  (9) 

It can be shO\vn from these expressions that 
the resistance component will continuallv in­
crease or decrease with increase of frequen�y up 
to the cut-off according to the value of x. The 
reactance component will behave in a like 
manner, except that whereas A shows a fallinrr 
characteristic for values of x from zero up t� 
o. Ii, a practically constant value at o. Ii and a 

rising characteristic for values above o. Ii and 
up to 0.83; B shows a positive and rising 
characteristic for values of x from zero up to 
0.5, a p�actically zero value at 0.5 and a negative 
and falling characteristic for values of x beyond 
0.5. For a value of x equal to 0.5, i.e., w

-
ith d 

half section termination, the effective resistance 
!ncreases with frequency to a very large value 
m the neighbourhood of the cut-off, whilst as 
already stated the reactance has practically zero 
value over that frequency range. The character­
istic impedance in this case at a frequencv f 
may be written :-

, ' 

Zo = v'� w2)L/C . . ... . ... ... ... ... . . . . . . .  ( ro) 

When referring subsequently to the character­
istic impedance of the line, a half section 
termination will be assumed and Z0 will have 
the value given in equation (ro). 

The complete expression for the attenuation 
per unit length of a coil loaded line to currents 
o f  frequency f is given by :-

2,8= [(R- � i<h)v'C/L+Gv'C/C J;v(r-w2f 
... (1 r) 

GZo 
2(1-- w2) .......... (I2) 

where R, L, G and C represent the same 
quantities as in equation (5), and r is the loop 
resistance per unit length of the conductor only. 

It will be evident that unless fo is consider­
able, the attenuation of the higher speech fre­
quencies will be much greater than that of the 
lower, and that generally the smaller the 
magnitude of the cut-off frequency the greater 
will be the rate of change (i.e., of increase) of 
attenuation with frequency. For long circuits 
the accumulative effects of attenuation distortion 
(i.e., of the differing degrees of attenuation of 
the various frequencies transmitted) per repeater 
sect ion is a serious matter and in such cases it 
is nen·ssary to ensure a high cut-off. Since, 
lrn\wn·r, with the standard. loading schemes, 
the higher the cut-off, the greater the actual 
magnitude of the attenuation 'at an_\· particular 
frequency, the amplification in very long re­
peatered circuits must be ()"reater and thev will b • 

for this reason and also from considerat(ons of 
repeater stability, require to be of the four-wire 
type. In reference to the latter statement it mav 
be cleducPd from (6) and (1 r) that:-

· 

,e o _71'�ci_ x 

2 

2 r 

(fo2 - 3 R 
v' (fo2 - f2) 

f2) .......... (13) 

For long trunk circuits employing telephonic 
repeaters, the reduction of attenuation of the 
transmission line is of lesser importance than 
the actual overall qualitv of transmission. This 
matter of qualit_,. constitutes in fact the chief 
problem of long distance transmission; it in­
volves not only attenuation-distortion but also 
phase-distortion. 

The differing velocities of propagation of 
cur rents of different frequencv, the duration and 
i'.s variation with frequency

. 
of the building-up 

time of the received current to its steady state 
value, as well as the actual rate of buildinrr-up b 
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of the current near to or at the final steady state 
value, govern the question of phase-distortion. 
In regard to these latter features, a circuit, 
·which from the point of view of the steady state 
condition is essentially distortionless, may be 
very unsatisfactory from the point of view of 
the quality and intelligibility of the receiVf'd 
speech. References (z1) to (z8) apply. 

The design of the loading scheme in relation 

to the design of the cable direct! y controls dis­
tortion in a long distance circuit, and hence the 
cable requirements for such networks cannot be 

considered without reference 10 the loading 
system. In all cases the cut-off frequency must 
be maintained at a high value, not only for the 
reasons already given but particularly for the 
purpose of minimising the " transients." The 
ad,·erse auditor>· and psvchological effects of 
" echo " can be eliminated bv the use of " echo 
suppressors." With the relative Iv low induct­
ance and close! y spaced coi Is of the " Half 

;vTedium Heavy " or " Extra Light Heavy " 

loadina schemes, a sufficientlv hi£h cut-off for 
b � L> 

circuits up to eight or nine hundred miles 
in length, equipped with various apparatus 
auxiliary to the repeaters, is secured by the use 
of normal capacity cable, at least as far as the 
side and phantom circuits of }LT. cables are 
concerned. The relatively high capacity of the 
phantom circuits of Star Quad cables gives rise 
to diffrculties which han' �dread.\· been pointed 
out in the section relating to junction and short 
trunk \vorking. This same feature is, hmvever, 
of so much greater importance in regard to the 
above aspect of long-distance net\\·orks that as 
far as present-da�· practices are concerned the 
ttse of such circuits is precluded. 

The mean attenua1 ion-frequency (/3 - f) and 
impedance-frequency (Zo - f) characleristics over 
the designed transmit1ing range, as well as the 
extent of the deviations of the actual Zo - f 
characteristics from their mean values, con­
stitute criteria for two-wire repeatered circuits. 
Such circuits are accordingly required to he 
uniform in respect of their electrical constants, 
not only as far as the average values per unit 
length for similar circuits are concerned hut also 
and particularly in regard to dist rihution along 
the length of such circuits. The reasons for this 
have already been giv�n. In this connection ;t 

should be observed that neither a technical nor 
an economic advantage results from an extreme 

degree of length uniformity, since the attenuation 
length of the cable bet\\ecn repeater stations 
and the repealer gains are limited in practice by 
the control ,,·hich it is rn�cessary to exercise upon 
the pmyer levels along a circuit on account of 
interference difficulties. The factory lengths of 
modern high grade M .T. cables are very 
uniform, but it is probable that the higher 
amplification possible with a more uniform 
cable, working in conjunction with two-wire 
repeaters of suitable impedance, could be effec­
tively utilised. 

Finally the balance of the circuits from the 
inte,rference point of view will require to be very 
exact, since only very slight cross-talk can be 
tolerated in repeatered circuits. The unbalances 
between the oppositely transmitting circuits (i.e., 
" Goes " and " Returns ") for four-wire work­
ing must be very small and this feature is 
ensured in the manufacturing stage of long­
distance cables, al!hough additional immunity 
from interference bet ween such circuits is secured 
by special separation of the cable units into 
groups during the constructional operations. 

General Summary of considerations affecting 
choice of Cable typc.-The technical essentials 
and the cable reriuirernents for the principal 
classes of telephorc circuit have already been 
described. These requirements, taken in con­
junction with the data prrviously given in 
respect of what is possible of achievement in 
modern commercial cable manufacture, furnish 
information which direct]_\· affects the question 
of the most suitable type to be adopted for each 
of the various sen·ices. There is another most 
important feature, hmn'.ver, governing the 
actual choice of cable type, namely, the cost or 
economic aspect. (See Chap. XII., " Tele­
phonic Transmission," J. G. Hill). In some 
cases the economic considerations are quite 
simple to apply and the determination of the 
best cable type is a perfect] y straightforward 
matter. In other cases, the question of relative 
costs is much more complex and a detailed study 
involving manufacturing and constructional 
costs of cable and line plant as well as relative 
maintenance and other costs is necessary before 
a decision can be made. In this connection 
consideration should also be given to per­
missible departures from present-day standard 
practice, in relation to any economic gains 
which may accrue therefrom: Such studies will 
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of necessity be based upon costs, which vary not 
only in different countries but also from time to 
time in the same country. Decisions arrived �.t 

in this manner ·will accordingly be of neither 
universal nor perpetual application. In the case 
of long-distance networks a very large pro­
portion of the total cost of the system is ex­
pended in the line and line plant, and the 
economic aspect of cable type is accordingly of 
prime importance. Now, frequent changes of 
rable type in the same system or differences of 
type in adjoining systems ·will give rise to con­
siderable technical difficulties. If, therefore, a 
preliminary study points to the desirability of a 
change of type, the difficulties introduced there­
by will require to be assessed as additional costs 
and a further study made on this basis. In 
those cases where the introduction of such diffi­
culties rt>sult in an inherent reduction of overall 
efficiency of the system, they must be obviated, 
despite the economirs of the case. On the other 
hand, the initial dt>sign and lay-out of the 
system in combination with future developments 
of the communiration art, mav permit of any 
economic advantages accruing from a change of 
cable type being secured. 
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DESIGN AND STANDARDISATION OF COIL-LOADED TELEPHONE 
TRUNK CABLES. 

By Dr. P. LuscHEN and K. KuPFMULLER. 

[Translation of an article published in "Europaischer Fernsprechdic11st " for 
April, 1927, and published with the permission of Dr. Liische11.J 

l. THE TYPES OF LOADING E�ll'LOYED AT THE PRESEJ\:T TLV!E FOR INTERNATIONAL TELEPHONE 

CABLE CIRCUITS. 

T 
\ \'O methods of loading long-distance 

telephone cable circuits are recommende•i 
by the C.C. I. as being both equally 

suitable for international circuits. T hese two 

I 

methods relate to cable circuits in which the 
phantoms are used. The following are the 
main properties of circuits comprised in both 
s\·stems :-

i . 
' Maximum 

Type of Loading. 
Gauge of : 

Conductors. 
m1n. 

Type of 
Circuit. 

Capacity. 
11.F/l?n1. 

Length of 
Loading 
Section. 

km. 

Coil 
Induct­

ance. 
H. 

Conductor 
, Attenuation 

per hm at 
800 p.p.s. 

Natural 
Frequency. 

Method I. 

Medium-heavy . . . { O.<J Side 0.0385 
Phantom 0.0625 

Side 0.0385 1.3 
Phantom 0.0625 

'\o[ethod I. 
Extrn-light o.q Side 0.0385 

Phantom 0.0625 

Method II. 
Side 0.0335 

Phantom 0.0540 
Sid<' 0.0355 

Medium-heavy ... { o.q 2.000 

Phantom 0.0570 
MPthod II. 

Extrn-light 0.9 Sid<> o.033s 
Phantom 0.0540 

VOL. XX. 

0.177 
0.063 
0.177 
0.063 

0.044 
0.025 

0.200 
0.070 
O.l<)O 
0.070 

o.o.so 
0.020 

;---- -·-
I 

0.0217 
0.0228 
0.0121 

0.0125 

0.0390 
0.0328 

- -- ----- - -

0.0197 
0.0210 
0.0097 
0.0101 

0.0307 
0.0350 

2,900 
3,600 
2,900 
3,600 

5,800 
6,ooo 

2,750 
3,670 
2,750 
3,520 

5>'.l40 
6,840 

0 
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In respect to attenuation and natural fre­
quency-the two most important electrical pro­
perties as far as transmission is concerned­
there is no appreciable difference between the 
two systems. Such slight d fferences as occur 
are manifestly not due to a fundamentally 
different conception, but rather to the fact that 
in e1ch method a round figure for the units �f 

:e:,�th normally used in the coun•ries "here the 
respe:tive s.·stems originated-6,ooo feet(= 1830 

metres) in Amer:ca and 2 km. in Germany-has 

been chosen as the distance between loading 
coils. Inasmuch as both systems, independently 
of each other, have led to approximately the 
same electrical values, we may perhaps assume 
that the systems corresponded in the fullest mea­
sure, at the time when they were designed, with 
the existing state of knowledge and experience. 

In the meantime, cables in which the phantom 
c·r uits are not used (so-called "Star Quad'' 
ca11les), have been laid in Holland. These 
possess the following properties:-

I 
I I 

Coil Maximum I I Length of I I Gauge of Conductor 
Type of Loading. Conductors. Type of Canacity. Loading Induct-

1 Attenuation Natural 
mm. Circuit. 

I 
p.F /hm. 

I 
Section. 

I 
ance. [ per hm at Frequency. 

km. H. 

---- I 
800 p.p.s. 

! 
Medium-heavy . ... ... I.O - I 

-

I 
I.O I 

I 
r.6 -

Extra-light ... . .. I.O -

It is noticeable that in this case a natural 
frequency has been chosen which lies between 
the natural frequencies of the physical and 
phantom circuits of methods I. and II. 

The C.C. I. at its last meeting in November, 
1926, expressed the opinion that from the 
technical point of view Star-quad cables are just 
as suitable for the international telephone ser­
vice as the Dieselhorst-Martin cable ordinarily 
used, provided they satisfy the general con­
ditions laid down for factory lengths and 
repeater sections. 

There can be no doubt that it is not desirable 
to admit for the international telephone service 
the use of a number of different types of cable. 
The necessity for examining from time to time 
the suitability of all types is also generally 
recognised. The C.C.I. in dealing with trans­
mission questions has therefore proposed to 
examine the question, amongst others, whether 
since the time when the two methods of loading 
referred to above were adopted experience has 
shown that an alteration in the type of circuit, 
hitherto regarded as normal, could be made 
which might lead to a uniform system. 

Detailed investigations have lately been 
carried out in the Central Laboratory of the 
Werner Works of Messrs. Siemens and Halske 
with respect to the most suitable system of load-

I 
! 

I 0.0365 1634 0.200 0.014 2,860 
0.0365 1634 I o. 155 0.015 3,260 

I 
I 

I 
0.0365 1634 0.155 0.008 3,260 
0.0365 

I 
1634 0 050 0.025 5,Soo 

ing, and it is now proposed to discuss the most 
important aspects of these researches. We pur­
pose also to examine the requirements of 
telephone circuits which this investigation has 
indicated at the present stage of development of 
telephone technique concerned with the design 
of long distance circuits. In the light of these 
requirements, a proposal will be made for the 
loading of future telephone cables which may 
perhaps serve as a basis for further discussion. 

II. GENERAL ASPECTS OF THE SELECTION OF 
THE MOST SUITABLE TYPE OF LOADING. 

The fundamental object of long-distance tele­
phone engineering is to provide telephone 
circuits equipped in such a way that the quality 
of the transmission between any two subscribers 
at different places is not inferior to the quality 
of the transmission usually obtained within the 
area of one and the same town. This is essen­
tially the quality of transmission which corres­
ponds to the electric and acoustic properties of 
the telephone apparatus itself. It is also re­
quired, as in all technical problems, that this 
object shall be achieved with the minimum cost. 
In the selection of the most suitable type of 
loading, therefore, the economic point of view 
has to be considered as well as the engineering 
aspect. Telephone engineering at the present 
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time has itself all the means necessary for 
attaining, to almost any degree of perfection, 
the object referred to above, even when we have 
to deal with very long circuits. The higher the 
degree of perfection, however, the more rapid is 
the increase in cost. It follows that for every 
measure contemplated the question must be 
examined whether the improvement attainable 
is worth the additional cost involved. In order 
to render possible such examination and estima­
tion, it is necessary to introduce a measure for 
the quality of transmission. We employ for 
this purpose in the following paragraphs the 
so-called " syllabic intelligibility." This is 
defined as the ratio of the number of unconnected 
syllables correctly received to the total number 
of such syllables which have been transmitted 
by word of mouth-the whole being arranged 
on a systematic basis. Strict! y speaking, it is 
true that in telephoning we are generally 
concerned with the transmission of coherent 
sentences, so that it would be more accurate to 
use '' sentence intelligibility '' as a measure of 
the quality of tran'smission. It can be shown, 
however, that " sentence intelligibility " on the 
one hand is not so easily reproducible, because 
the size of the figures representing it depends 
largely upon the nature of the sentences, upon 
the themes, and upon the intellectual capacities 
of the observers. On the other hand, it cannot 
convey more than " syllabic intelligibility," 
because, generally speaking, we cannot of 
course estimate what, for example, is to be 
interpreted from the fact that, say, one of a 
hundred sentences has not been correctly under­
stood. 

It is also very important in this connection to 
note whether the conversations on the part of 
both subscribers have been made in a common 
mother tongue. Experience has shown that 
even slight differences of dialect reduce " sent­
ence intelligibility." The difference is still 
greater with conversations in a foreign language. 
Although the connection between " sentence 
intelligibility " and " syllabic intelligibility" 
is not simple and unambiguous, it is, however, 
a fact, agreeing with all observations made 
hitherto, that " sentence intelligibility" in­
creases with " syllabic intelligibility." \Ve are, 
therefore, quite justified in regarding " syllabic 
intelligibility " as a practicable measure for 
quality of transmission. 

\Ve now propose to examine the individual 
factors which affect intelligibility, and thus 
obtain definite requirements for the design of 
coil-loaded circuits. Strictly speaking we can­
not regard any of these factors as being wholly 
independent of the others ; they have all a 
mutually dependent relation. For example, the 
dependence of intelligibility upon the width of 
the frequency band transmitted cannot be in­
vestigated unless, at the same time, the dis­
tortion and noises otherwise occurring or the 
sound volume be taken into consideration. We 
cannot express an opinion with respect to the 
necessary volume without premising something 
with respect to disturbing noises. In the case 
under consideration, however, we are not con­
cerned very much with stating the precise figure 
for the quality of transmission finally to be 
attained, but we can, by considering individual 
causes and their effect upon intelligibility, 
deduce·some important rules which must neces­
sarily be followed if the object as stated above is 
to be attained to the greatest possible extent. 

The C.C.I. has recommended for a series of 
properties of telephone circuits definite values 
,,.:hich are based on theoretical considerations 
and practical experience. These are mostly 
minimum values, as, for example, the per­
missible overall attenuation, the permissible 
cross-talk attenuation, and the minimum width 
of the frequency band to be transmitted. These 
minimum values are to some extent determined 
purely by the technical appliances available and 
will be re-examined as telephone engineering 
progresses. It is therefore constantly necessary 
to adapt these values to this progress. \Ve will 
deal first with volume and the requirements 
which result therefrom. 

(r) Volume. The volume at the receiving 
end of a telephone circuit is determined by the 
electro-acoustic efficiency of the apparatus itself 
and by the attenuation of the line system be­
tween the sets of apparatus. In the case of the 
telephone apparatus generally used the efficiency 
is such that with a line attenuation of b = 0.5 

to r.5 we obtain approximately the same volume 
in the receiver as in the case of normal direct 
conversation. The intelligibility decreases from 
this point onwards with increasing attenuation. 

If the transmission itself is distortionless and 
free from interference, the diminution of intel­
ligibility is determined especially by the intensity 
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of the noises in the rooms in which the speaking 
apparatus has been installed. Fig. 1 shows the 
relation between intelligibility and line attenu­
ation when ordinary central battery apparatus '.s 
used and when room noises on the average 
correspond to what occurs in practice. The 
maximum attenuation between two subscribers 
as recommended bv the C.C. I. has the value 
b = 3.3. It will b� seen from Fig. 1 that this 
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value in fact must represent the outside limit 
permissible. Intelligibility in this case is 
already several per cent. lower than when the 
attenuation is b = 2. It would be desirable, 
therefore, to go as much below this as possible. 
This is, however, a question of economics be­
cause the costs of large town systems increase 
rapidly if the attenuation is reduced. 

An interesting point for our observations is 
the question how to distribute most suitably the 
value of attenuation between the trunk line and 
the local lines. From a technically operative 
point of view, it would apparently be desirable 
that the trunk line itself had no attenuation. 
The local system could then be designed in 
accordance with the maximum permissible 
attenuation, and the volume of transmission 
within one and the same town area would have 
in the most unfavourable case about the same 
value as between anv two subscribers in different 
towns. \V" e have, however, to consider in the 
first place that the costs of the trunk lines them­
selves increase as attenuation decreases if we are 
tied down to definite requirements in respect to 
quality of transmission. 

An important factor in this connection is that 

echo disturbance under otherwise similar con­
ditions increases with a reduction in attenuation 
and an increase in the total amplification. Thus 
Fig. 2 shows how in an ordinary 2-wire circuit 
with tvcvo repeaters the intensity of the " speaker 
echo " increases if the oYerall attenuation is 
reduced.* 
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When dealing with small overall attenuations 
on telephone circuits, we must, therefore, em­
ploy means for reducing . echo disturbances 
either by using echo-suppressors or complicated 
balancing networks in the compensation circuits, 
or in order to reduce the transmission times of 
echo currents by increasing the natural fre­
quency of the line. These means therefore in­
crease the cost of the telephone line in proportion 
as the overall attenuation of this line is to be 
reduced. Strictly speaking, we must therefore 
reduce to a minimum the sum of the costs of the 
local lines and those of the long-distance lines 
by suitable uistribution of the overall attenuation. 
This, of course, cannot generally be done. An 
additional factor here is that with the means at 
present at disposal both in the case of 4-wire 
and 2-wire circuits we cannot go below a certain 

* We use the word" echo "for all disturbing 
phenomena 7t•hich arise from the fact that por­
tions of the speech currents traverse by-passes 
with the time lag at the speaher or the listene" 
e'ven if the transmission time is so short that an 
echo in the lag sense of the term can no longer 
be perceived, as, for example, in the case of 
short 2-wire circuits. 
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overall attenuation without appreciably reducing 
reliability of working. 

These, therefore, are minimum limits, which 
experience has confirmed. The C.C.l. has laid 
down b = 1 .3 as the minimum value for overall 
attenuation. In almost all international circuits 
recently brought into service, efforts have been 
made and with success to obtain somewhat lower 
attenuation values. In the present circum­
stances, a reduction to b = r.o should generally 
be quite possible. This figure will therefore be 
taken as a basis in this paper. The volume of 
extraneous disturbances-and therefore, of cross­
talk and power-current induction-is determined 
(in addition to transmission volume) by the 
choice of the overall· attenuation. From this 
relationship definite limiting values are shown 
in the following section of this paper for the 
attenuation between two successive repeaters in 
the long-distance circuits. 

(2) Disturbances. In consequence of the 
differences of the transmission level at vanous 
points in the long-,distance circuit the intensity 
of cross-talk between two subscribers is generally 
different from the intensity of cross-talk in cable 
circuits themselves. 

In addition to the speech currents, the induced 
cross-talk currents are amplified by the repeaters 
ir. the circuit. The more the repeater section 
attenuation is increased, the greater must be the 
amplification with a given overall attenuation ; 
the more unfavourable, therefore, will be the 
conditions in respect to cross-talk disturbance. 
\Vith a given intensity of cross-talk between the 
cable circuits themselves we must not therefore 
exceed a certain value of repeater section attenu­
ation if the intensity of the cross-talk at the sub­
scribers' stations is not to exceed a definite 
amount. 

A, b C1 s .Dt /, 

Aa' b C2 ' l>2 b 

FIJ.3. 

Cross-talk in two adjacent 
two· r1ire circuits. 

81 

,B.:z 

Vl e see this in the simplest vrn y by consider­
ing two adjacent 2-wire circuits Au Bu and 
A2, B2 (Fig. 3). \Vhen speaking at A1 and 
listening at A2, there are two common paths 
available for cross-talk currents, the first through 

the couplings of the two line sections An C,, 
and A2, C2 ; the second from A1 through C,, 
repeater to D1; from there through the couplings 
of the second line section D1 B1 to D2, through 
the repeater of the second circuit to C2 and back 
to A2• The second path is here of special 
interest. The overall attenuation bn for this part 
1s, according to Fig. 3, 

b' n = b - S + bn - S + b, 

if bn denotes the cross-talk attenuation between 
the two ends of the line Du D2• For the sub­
scribers A1 and A2 we have therefore the cross­
talk attenuation 

b' n = 2b - 2S + bn ............................. (1) 

The amplification s is now determined by the 
required overall attenuation. According to the 
foregoing section of this paper this should be 
1 .o. \Ve must therefore have 

2b - s = 1.0 

or 
S = 2b - I.O 

Consequently, from equation (1 ) ,  

b'n = b n  - 2 b  + 2.0 ........................... (2) 

The C.C.I. has recommended the limiting 
value bn = 7 .5 for the cross-talk in long-distance 
circuits. As is seen by Fig. 1, this figure 
corresponds in fact to a volume at which, in 
normal circumstances, intelligibility practically 
ceases. 

\Ve have therefore 

bn - 2b + 2.0 > 7.5 

\Vith modern telephone cables we may assume 
that bn is always greater than 8.5. \Ve thus 
finally get 

b < 1.5 . . . . . . . . . . . . . . . . .  · · · · · · · ·  .. . .... . ... ......... (3) 

The attenuation of a repeater section for 2-wire 
circuits must therefore be less than 1 .5 in order 
that the conditions which have to be laid down 
in respect to freedom from cross-talk shall be 
fulfilled. This does not, of course, mean that 
this value represents a sharp limit which must 
not be exceeded in any circumstances. As the 
foregoing deduction shows, the permissible re­
peater section attenuation depends in great 
measure on what cross-talk attenuation had been 
attained in the cables and repeaters. This 
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generally will be greaier than the value laid 
down. The repeater section attenuation depends 
further upon the value of the cross-talk which is 
to be required for the whole circuit; this in turn 
depends upon the intensity of other transmission 
interference, for example, upon noises. \Ve 
shall therefore have to regard the value b = l .5 
as the attenuation which on the average should 
not be exceeded. \Vith such a limiting value 
practicable conditions are also obtained for other 
inductive disturbances. For example, if in the 
line section D2, B2, noise currents arise from 
any causes, e.g., from power supply instal­
lations, having a noise voltage V, we have at 
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C2 a noise voltage Ve'. The subscriber at A2 
will therefore hear noises of intensity 

V' = Ves-b. 

If \\e put here as we haYe already done 

s = 2b - r and b < r.5 

it follows that 

V' < Ve"·5 
V' < 1.7 x V. 

The noise disturbance in practice is not, there­
fore, appreciably greater at the subscriber's 
apparatus than it is directly on ihe lines. 

The same conditions apply to 4-wire circuits. 
In this case the circuits are separated in the 
usual way into two equal and opposite parts for 
speaking in both directions. In this manner 
higher cross-talk attenuations between cable 
circuits are obtained than in 2-wire circuits. 

Figs. 4 and 5 thus show the extent of cross-talk 
attenuation between speech circuits in both equal 
and opposite directions in a modern cable. The 
curves have been obtained on half a repeater 
section, so that approximately b = l .3 must be 
added to the attenuation values (far-end cross­
talk) shown in Fig. 5. The average values then 
amount to: 

bm = l 2 .9 for cross-talk between speech cir­
cuits in opposite directions, bm = 13.8 for cross­
talk between speech circuits in the same direc­
tion (far-end cross-talk) and in practice all atten­
uation values of near-end and far-end cross-talk 
exceed bn = ro.5. 
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According to Fig. 6, we have, in the case of 
4-wire circuits, as above, 

b'n = 2b0 - 2S + bn .. .... . . ....... . . .......... (4) 

The amplification s chosen must he so great 
that 

or 
s = bl + �b - � .............. ........... ... .... (5) 

If we insert this in equation (4) it follows that 

b'n = b,. - b + I.O ....................... . . .... (6) 

b iJ 1'1 • !31 

b 

rig.o. 
C!'oss-tolk in �wo odjacenf /01.1!'-wire 

c.1rc1J1fs. 
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At this point we must remember that in 4-wire 
circuits we have to deal for the most part with 
circuits of great length in which many successive 
repeater sections are inserted. The cross-talk 
currents in each of the sections have then to be 
added, which according to measurements and 
theoretical considerations thus reduce cross-talk 
attenuation by 0.3 to 0.5. \Ve have then, 
approximately, 

b' n = bn - b + 0.5. 

If, again, we put 

we obtain 

b'n> = 7.5. and bn w.5, 

b. < 3.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .  (7) 

The average attenuation of a repeater section 
should therefore amount to as much as 3.5. This 
is appreciably more than is permissible in 
present day practice. It has, however, to be 
considered that with telephone cables equipped 
with repeaters the line costs are, of course, 
reduced as the 'repeater section attenuation 
increases, that, however, the repeater costs 
themselves rise with the necessary amplification 
and especially if an additional repeater valve is 
necessary. These economic considerations will 
induce us to adopt a lower limit-a limit appre­
ciably below that given in equation (7). Even 
in respect to other inductive disturbances, for 
which the same considerations apply as for 4-
wire circuits, it appears to be desirable not to 
take advantage of this limit to the full. Further 
important aspects of the calculations made for 
telephone cable circuits arise from the considera­
tion of distortion, that is, those disturbances 
which the transmission system, as such, pro­
vokes. 

(3) Distortion. Long-distance circuits from 
an electrical point of view are distinguished 
from short local circuits particularly by the fact 
that they transmit a limited frequency band. 
The C.C.I. recommends the transmission of the 
following ranges of frequency:-

2-wire Circuits 300-2000 p.p.s. 
4-wire Circuits 300-2000 p.p.s. 

Medium-heavy loaded. 
4-wire Circuits 300-2500 p.p.s. 

Extra-light loaded. 
Fig. 7 shows what effect this restriction of the 

f1equency band emitted from the transmitter has 

upon intelligibility. The intelligibility values 
have been arrived at with normal central battery 
apparatus over a distortionless line with attenua­
tion b = 1 .o. Frequencies below 300 p.p.s. 
have been eliminated by means of a high-pass 
filter. The upper limit of the frequency range of 
transmission is represented by the abscissa!. 
For purposes of comparison, a curve made bv 
H. Fletcher, which applies to distortionless trans­
mitting and receiving apparatus, is also repro­
duced. In the case with which we are dealing, 
however, we are concerned with values obtain­
able with commercial apparatus. 
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The following values of intelligibility have 
been obtained with the frequency range referred 
to above:-

Type of Circuit. 

2-Wire Medium-heavy 
loaded. 

4-Wire ,, ,, 
4-Wire Extra-light 

loaded. 

Frequency Range 

300-2000 p.p.s. 

300-2200 " 
300-2500 

1 rntelligibility. 

It will be seen that even slight differences in 
the width of the frequency band have con­
siderable effect upon intelligibility. The em­
ployment, even at the present time, of such 
different widths of frequency band is due to the 
fact that, with a given type of circuit, every 
extension of the frequency band transmitted 
involves an increase in other disturbances, for 
example, echos in 2-wire circuits or so-called 
" phase distortion." Experience has now pro­
vided data for definite frequency ranges at which 
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transmission efficiency is greatest, applicable to 
to every type of circuit and for all distances with 
which we are able to cope in practice. These 
are precisely the ranges gi\·en above. This 
explains the apparent arbitrariness in the re­
quirements for various types of circuit. The 
large differences in transmission efficiency c)f 
telephone circuits to \d1ich this gives rise are, 
however, no longer justified for the future. Jt 
must be required that in all circuits at least the 
frequency range shall be transmitted within 
\vhich the oscillation components of the speech 
currents, which determine intelligibility, are 
comprised. To exceed this would, moreover, be 
uneconomical, as every extension of the fre­
quency range im·olves an increase in natural 
frequency and therefore enhances the cost of the 
plant. Fig. 7 shows that an increase of the 
high limit of the transmission range beyond 
2,400 p.p.s. gives only a slight increase in intel­
ligibility, and that in this case, therefore, the 
maximum transmission efficiency has practically 
already been obtained. Transmission within a 

range of frequencies up to 2,400 p.p.s. sounds 
more natural, even from the observer's point of 
view, than within a hand up to only 2,000 p.p.s. 
The lower limit of the transmission range has 
very little influence. An increase from 300 to 400 
p.p.s. causes only a small percentage reduction 
in intelligibility. On the other hand, practically 

.3000km 

Fiy.8. 

no difference has been found between trans­
mission \\hen the lower limit of frequency is 
unrestricted and \\hen the latter is limited to 
300 p.p.s. The follmving fundamental require­
ment therefore results :--ln all circuits the same 
band of frequencies shall be transmitted; thi:� 
range shall be bet\\een 300 and 2,400 p.p.s. 

In conjunction ·with this stipulation some 
further requirements h;n·e to be considered; 
these are based on phase distortion and echo 
disturbances. 

,\ measure for phase distortion is afforded by 
the " building-up time " of the alternating 
currents. This is determined by the difference 
in the transmission time for the single fre­
quencies. The nearer frequencies transmitted 
approach the natural frequency of the line, the 
longer is the duration of the " building-up " 
phenomena and the greater, therefore, is the 
alteration in the acoustic formation, and there­
fore, also the greater is the reduction in trans­
mission efficiency. A natural frequency must, 
therefore, he selected which is sufficiently high 
to impose a certain higher limit on the highest 
frequency to be transmitted, and this limit 
depends upon what reduction in transmission 
efficiency may or can be permitted. 

The manner in which the acoustic character of 
the volume of speech is disturbed by phase dis­
tortion will be seen from Fig. 8 . 

E;fecf of fhase d/sfor/1'on upon cha,.ocfer of .sound. 

This shows an oscillogram of the word "wer" 
at the beginning of a medium-heavy loaded 
long-distance line (lower curve); behind the 
first repeater, i.e., at about 140 km. (centre 
cun·e); and at a distance of 3,000 km. (upper 
curve). It will be seen how strongly after the 
first repeater section the fundamental oscilla-

lions are weakened in comparison with the 
higher oscillations by the restriction of the fre­
quency band, and how, further, volume form«­
tion itself appears to be, to some extent, changed 
by phase distortion. At 3,000 km. we find onlv 
slight similarity to the signals transmitted. 
\Vith such a length the " building-up time " for 
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the highest frequency transmitted is about roo 
milliseconds. It is, however, astonishing that 
even with so pronounced a distortion a com­
paratively large amount of \vhat is spoken is 
intelligible. Fig. 9 sho\\S the dependence of 
intelligibility upon " building-up time " for the 
highest frequency transmitted, viz :-the fre­
quency f = 2 roo p.p.s. \Vith small" building­
up times'' the intelligibility corresponds roughly 
with the frequency band transmitted. At IO to 
15 milliseconds it falls off by about r to 2%; it 
then falls gradually and at roo milliseconds 
a mounts to about 50%. It must, of course, be 
noted in this connection that even from about 
20 to 30 milliseconds the speech transmitted is 
accompanied by incidental sounds, of which the 
\olume and duration increase with increasing 
" building-up time," and cause more and more 
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disturbance to the listener. This phenomenon 
is particularly disturbing from about 50 milli­
seconds upwards. It is then somewhat similar 
to the disturbance which is felt by the presence 
of a strong listener-echo in short circuits. It 
follows from these observations that it would be 
desirable to make the " building-up times " in 
long-distance circuits somewhat less than ro to 
13 milliseconds, and on the other hand to avoid 
entirely " building-up times " beyond 30 to 40 
milliseconds. On account of the similarity of 
the disturbances caused by phase distortion to 
echo disturbances, the latter must be taken into 
consideration in the final choice of one of these 
figures for the " building-up time." 

4-\Vire circuits are practically free from echo 
disturbances with the use of echo-suppressors; 

the latter suppress all echo-effects which are due 
to compensation arrangements at the ends of the 
circuit. Only a portion of the echo-currents 
persist, these being caused by cross-talk between 
the " go " and " return " lines. vVe have 
premised above that the attenuation of these 
cross-talk currents is greater than b = 7 .5. 
\Vhen they are of this value they are practically 
no longer perceptible. In 4-wire circuits, there­
fore, the phase distortion constitutes the only 
disturbance to transmission efficiency ; this 
increases with the lenglh. In this case we can, 
therefore, permit somewhat longer " building­
up times." 

In 2-wite circuits, on the other hand, the 
elimination of echos is not possible by simple 
methods. Jn a 2-wire circuit having n succes­
sive repeaters we have to consider n principal 

n echo paths for the speaker and .. (n - r) for the 
2 

listener. The listener-echo therefore mcreases 
appreciably as the length of circuit increases. 
The amplitude of the echo is chiefly determined 
by variations in the impedance of the lines. 
These variations are again dependent upon the 
distance of the frequency in question from the 
cut-off frequency, and, of course, they increase 
on the average as the cut-off frequency is 
approached; this is shown in Fig. 10. lt 
cannot generally be stated how great are the 
variations themselves, because they are mainly 
dependent upon unavoidable incidental circum­
stances, for example, upon tht> necessity of 
making one loading section somewhat longer or 
shorter than the others. In order to attain 
adequate reliability, the cut-off frequency f 0 

must therefore be sufficiently high. The curve 
in Fig. IO shows that from about f /f0 = 0.7 -
0.75 upwards echo disturbances increase materi­
ally. It is, therefore, politic not to exceed this 
limit. In conjunction with the figures laid down 
above for the frequency range t;ansmitted, this 
means that the cut-off frequency of 2-wire cir­
cuits should not be below 3,200 to 3,400 p.p.s. 
Further, on account of the additional echo dis­
turbance the permissible "building-up time " 
is put somewhat lower than for 4-wire circuits. 
In accordance with the foregoing, IO to rs milli­
seconds for 2-wire circuits and 20 to 30 milli­
seconds for 4-wire circuits ar� regarded as suit­
able limiting values for the " building-up time." 

The well known formula for the relation be-
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tween " building-up time " and cut-off fre­
quency serves for determining the latter itself. 
This relation is shown in Fig. 11. 
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In this l denotes length of line, s length of 
loading section, f 1 the maximum frequency to be 
transmitted, t the "building-up time," /0 the 
cut-off frequency. If, for example, s = 2.0 km , 
/1 = 2,400 p.p.s. and t o.or milliseconds, and 

l = 600 km., then - _l = r2.5. and according 
s /1 t 

to Fig. 11 /0//1 = r.45. The cut-off frequency 

f 0 must in this case therefore amount to 3,500 
l 

For a circuit 5,000 km. long 
s f 1 t 

would be equal to ro4 ; therefore according to 
Pig. 11 f0/f1 =' 2.6. The cut-off frequency 
must be at least /0 = 6,200 p.p.s. 

p.p.s. 

In this manner the lowest cut-off frequency, 
which is necessary for attaining the desired 
transmission efficiency, could be determined for 
every length of circuit. It is at once seen that 
such a method is not applicable in practice. 
\Ve must be content to employ only a few types 
of circuit. How such types of circuit can be 
most suitably selected will be examined in the 
next section of this paper. In respect to distor­
tion, \\'C have so far considered only the so-called 
linear distortions. In addition to these, as is 
well known, transmission disturbances occur by 
reason of the fact that the electrical properties of 
the various parts of the long-distance circuits 
depend upon strength of current. Non-linear 

distortions have, however, no effect upon the 
questions under consideration because they can 
be reduced sufficiently by suitable construction 
of repeaters and lines. 

111.-CTJT-OFF FREQUENCY AND REPEATER 
SECTION ATTENUATION. 

If a coil-loaded circuit is to have a definite cut­
off frequency and a definite attenuation, all other 
dimensions, for example, gauge of conductors, 
length of loading section, etc., must be deduced 
from the requirement that both these required 
properties shall be obtained at minimum cost. 
We have, therefore, first to lay down the cut-off 
frequency and the attenuation values between 
any two successive repeaters. 
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(1) Cut-off frequency. On 2-wire circuits it 
has been stated above that the cut-off frequency 
should be greater than 3,200 to 3.400 p.p.s. 
For the greater of these two figures f o / f, = r.42 ; 

hence, according to Fig. 11 __ z_= 11. . 
s !1 t 

If we put /1 = 2,400 p.p.s., t = 0.01 up to 
o.or5 seconds, s = 2 km., we obtain l = 530 to 
800 km. 

If the phantom circuits are to be brought to 
the same attenuation as the side circuits1 we 
obtain a cut-off frequency of /0 = 4,200 p.p.s., 
corresponding to a maximum length of circuit 
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of 1,200 to r,800 km. For the side circuits, 
therefore, we get an average range of about 
650 km. and about r,500 km. for the phantom 
circuits. In the present state of telephone 
engineering, 2-wire circuits do not enter into 
consideration for long distances. On the other 
hand, these circuits are of great practical import­
ance by reason of the fact that they are appre­
ciably cheaper than 4-wire circuits. It must not 
be overlooked that the maintenance of 2-wire 
circuits demands increased care and attention, 
and that perhaps also the uniformity obtained 
for new lines, on installation, cannot be full v 

maintained. It appears at the present time, 
however, that we are not justified in treating 
them as of less importance than 4-wire cirouits. 
For this reason, in the foregoing paragraphs the 
same range of frequency has been presupposed 
for 2-wire circuits as for 4-wire circuits. If this 
frequency range is to be transmitted for the 
longest possible distances, it is necessary in 
accordance with the foregoing considerations to 
fix the cut-off frequency at about 3,400 p.p.s. 
To exceed this would only afford a slight advant­
age while unnecessarily increasing the cost of 
plant. 

16o ..----.,.....---,,--__,...----,--� 

\..____ loo t----+----+---==�.r:::=.:::==--1 

0 b 0 2 .3 4 
,,9.12. 

Dependence of costs of a /our-rtire 
c1rcud' u)>on rej>eofer seer/on offenuafio11• 

The decision in respeL:t of 4-wire circuits is 
somewhat more difiicult because we cannot with 
safety overlook the question of the lengths which 
mainly enter into consideration. It would meet 
the object in view to select two cut-off frequencies 
for the side-circuits; one for the maximum 
lengths of circuits which have to be dealt with 
and the other for moderate distances as has been 

done in Methods I. and I I. recommended by 
the C.C.I. In these two methods of loading, 
the cut-off frequency for extra-light loading is 
selected to be of such dimensions that the length 
of repeater sections are half as great as with 
medium heavy-loading. vVe should recommend 
that this principle be adhered to, because in this 
manner all 4-wire circuits may have conductors 
of a single gauge. The ratio between cut-off 
frequencies of extra-light and medium-heavy 
loading in this case is approximately 2. 1. . If 
the maximum length is given for one of these 
two types of circuit up to which it is to be 
applicable, we can immediately calculate the cut­
off frequency, because the " building-up time " 
is already determined. The cut-off frequency 
for the other type of loading is self-evident. For 
the phantom circuits we then obtain further I .25 
times the cut-off frequencies of the side circuits. 
If we regard the cut-off frequency of the side 
circuit in the medium-heavy loaded type as 1, 

we have therefore, altogether, the cut-off fre­
quencies r.o, r.25, 2.0 and 2.5. 

If we suppose that 2-wire circuits are em­
ployed for distances up to 600-1,000 km., we 
must, therefore, introduce 4-wire circuits at 
about 800 km. The cut-off frequencies referred 
to above must then be such that we can cover a 
distance of between 800 km., and the longest 
distance normally occurring. If the lowest cut­
off frequency were selected at such a figure as 
to correspond with a range of about 800 km., 
almost all circuits would have to be formed of 
extra-light loaded lines, which are expensive. 
On the other hand, if the lower cut-off frequency 
were selected so as to correspond to a very long 
range, too costly lines would have to be em­
ployed for the intermediate distances. The 
plant and operative costs must therefore be the 
minimum for quite a large series of cut-off 
frequencies. 

For what cut-off frequencies we obtain this 
minimum cost depends, of course, entirely upon 
the question of the extent to which the various 
lengths of circuit are used. For example, if the 
shorter lengths occur more frequently compared 
with the long distances, the cut-off frequencies 
must be lower than in the opposite case. In the 
present stage of development of long-distance 
telephone communication in Europe, we have 
little to guide us with respect to the extent to 
which circuits over 800 km. in length occur. It 
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is, however, very probable that lengths up to 
about l,800 to 2,000 km. occur more frequently 
than those of greater distances. It would there­
fore be politic to select the medium-heavy type 
of loading bemuse it is practicable up to about 

l these limits uf distance. For this 
sf 1 t 

12 - 21, if the "building-up time" is kept at 
the limiting values laid down above. Fig. 11 
shows in that case f 0/ I 1 = l .45 - 1.75 or Io = 

3,500 to 4,200. If we take the cut-off frequency 
lo = 3,400 p.p.s. fur the side circuits, we have 
3,400 x i.25 = 4,250 p.p.s. for the phantom cir­
cuits. \Ve would, therefore, in this case, be able 
easily to cover the necessary range of distance. 
\Ve may therefore take the frequency 3,400 
p.p.s. as the minimum cut-off frequency for both 
medium-heavy loaded 4-wire circuits and 2-wire 
circuits. Altogether we have then for 4-wire 
circuits, according to\\ hat has been stated above, 
the cut-off frequencies 3,400, 4,250, 6,800 and 
8,500 p.p.s. as disposal. 

(2) Repeater Section Attenuation. For the 
higher limit of attenuation between two succes­
sive 2-wire repeaters we have found (Section II.) 
the value b = l .5. In 2-wire circuits there is 
generally a most favourable value for the repeater 
section attenuation at which reaction and echo 
effects are at a minimum. This most favourable 
value is, however, dependent upon a large 
number of circumstances; for example, upon 
the impedances of the subscribers' apparatus 
and lines, and upon the distribution in space of 
the electrical irregularities in cable circuits, so 
that no figure of general application can be 
given; it lies approximately between b = 1 .o and 
b = 2 .5. \Vithin this range all values of atten­
uation, on the average, may be regarded as 
electrically equivalent. Inasmuch as line costs 
rise as attenuation falls, we have here no reason 
to go appreciably below the value b = i.5. In 
order to be sure, to some extent, of observing 
condition (3) we put b = 1.4 as the attenuation 
for 2-wire circuits. In 4-wire circuits the atten­
uation b = 3.5 should be regarded as the limit­
ing value on account of the freedom from dis­
turbance (see page 2 Is) at the higher limits. We 
must here take account of the fact that in order 
to obtain the necessary amplifications with such 
an attenuation, repeaters having several stages 
of amplification are necessary. If the sum of 
the plant and operative costs of lines and re-

peaters is calculated, a curve is obtained for the 
various attenuation values, b, of the repeater 
section, such as shown in Fig. 12. It will be 
seen in the first place ho\\. the costs fall with 
increasing attenuation. From b = 3.1 upwards 
an additional valve is necessary in the repeaters. 
\Ve thus obtain at this point a certain increase 
in the total costs. It is not economical to exceed 
this limit. In order also to be reasonably safe we 
put the attenuation of 4-wire circuits at b = 2 .85, 
so that finally we obtain the following general 
technical conditions for long distance cable cir­
cuits:-

Cut-off frequency for 2-wire circuits-
Side lo = 3400 p.p.s. 
Phantom /0 = 4200 p.p.s. 

Cut-off frequency for 4-wire circuits­
medium-heavy-
Side lo = 3400 p.p.s. 
Phantom f 0 = 4200 p.p.s 

Cut-off frequency for 4-wire circuits­
extra-light-
Side f 0 = 6800 p.p.s. 
Phantom lo = 8500 p.p.s. 

Repeater Section attenuation:-

2-w1re b 1 .4. 
4-wire b = 2.85. 

Transmission frequency range for all circuits: 
300-2400 p.p.s. 

IV.-PROPOSAL FOR THE LOADING OF TELEPHONE 

CABLES. 

From the cut-off frequencies and repeater 
section attenuations all other data for telephone 
circuits may be calculated. If we regard, for 
example, the length of repeater sections, it is 

clear that with a given attenuation either the 
distances and the gauge of conductors may be 
made small, or long distances may be chosen 
and the gauge of conductors correspondingly 
enlarged. In the first case very many repeaters 
are required for a given length of circuit, and in 
the other case much material must be used for 
the conductors. For a quite definite length nf 
repeater section there is a minimum expenditure 
on plant and operation. This also applies to 
the other data of the plant, for example, length 
of loading section, coil inductance, capacity of 
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cable circuits, etc. \Vhat dimensions these data 
should have is a question of course to which a 
general answer cannot be given. The costs of 
construction will vary with the locality of manu­
facture and laying of the cable, and also with 
the time of year. In one country raw material 
is cheap and wages are high; in another country, 
the reverse. The cable costs largely depend 
upon variations in the price of raw materials. 
Coil and repeater costs depend, on the other 
hand, to a large degree upon wages ; this also 
applies to operative costs. In the Central Labor­
atory of Messrs. Siemens & Halske careful cal­
culations with respect to the most economically 
favourable dimensions to be given to telephone 
cables have been carried out on the basis of 

various price-ratios. With the values laid down 
above for cut-off frequency and repeater section 
attenuation, the following average figures have 
been obtained for lengths of repeater sections, 
loading sections, and gauge of conductors : -

Gauge of 
Length of Length of 

Type of Loading Repeater 
Circuit. 

Conductor. Section. Section. 
mm. 

km. km. 

---- -------

4-Wire o.8 - r.o 2.0 - 2.5 90 - ITO 
2-\Vire 1.2 - 14 r.5 - 2.0 100 - IIO 

The extent of the total costs, however, even 
with great deviations from these most favourable 
dimensions show only comparatively small varia­
tions. If, for example, the length of the re­
peater section is increased 50%, in which case 
of course all the other dimensions, correspond­
ing to the conditions in respect of cut-off fre­
quency and repeater section attenuation, must be 
changed at the same time, costs for the whole 
speech circuit show only a small percentage 
increase. This fact is important because it 
involves no change in regard to repeater stations 
already installed in most countries if the new 
requirements laid down above are introduced. 

The calculations in accordance with which 
operative costs were capitalised, on the basis of 
5% interest and 4.6% depreciation, showed a 
further appreciable difference in price between 

4-wire and 2-wire circuits, and this was in favour 
of the latter. 2-\Vire circuits, on the average, 
are about 25% cheaper than 4-wire circuits. This 
justifies the principle, laid clown above, that 2-
wire circuits ought to be made applicable to the 
longest possible distances, and brought into con­
formity with 4-wire circuits in respect to their 
electrical characteristics. 

In Germany and most other countries, the 
average lengths of repeater section are 70 and 
r40 km. These distances, therefore, give with 
sufficient approximation the most favourable 
economic conditions. If thev are taken as :i. 

basis, we obtain the proposal for the calculation 
of data for telephone cables shown in the follow­
ing table here reproduced for purposes of dis­
cussion. This proposal contains the following 
possibilities:-

(1) In conjunction with medium-heavy loaded 
4-wire circuits, circuits for compensating phase 
displacement can be employed. These circuits 
give an additional attenuation per repeater 
section of b = o.r to o.r5. The attenuation of 
the total line system between two repeaters is 
then b = 2.95 to 3.0. It lies, therefore, still 
within the value which can be attained without 
additional repeater valves. It is then, for ex­
ample, possible within the range of distance 
determined for these circuits to increase intelli­
gibility by reducing the " building�up times ·' 

or to extend the range of distance to all lengths 
which have to be dealt with. 

(2) 2-Wire circuits of greater len£Zth can also 
be equipped with phase compensation. The 
conditions (3) for repeater section attenuation 
are not affected thereby because the phase com­
pensation circuits themselves can be freed from 
cross-talk. \Ve could therefore in this case use 
phase compensation circuits of greater attenua­
tion, i.e., about b = 0.2 - 0.25. 

(3) For medium-hean· loaded 4-wire and 2-

wire circuits identical coil inductance and iden­
tical coil impedance are presupposed, so that for 
this type of circuit a single type of coil can be 

used. 
The German Post Office Administration in­

tends in the course of this year to load a repeater 
section in accordance with the proposal made, :;o 
that it will be possible b,· means of this to studv 
the various questions dealt with in this paper. 
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Type of Circuit. 

4-Wire Medium-heavy 
Loaded. 

Side .. . 
Phantom .. . 

4-Wire Extra-light 
Loaded. 

2-,Vire 

Side .. . 
Phantom .. . 

Medium-heavy 
Loaded. 

Side ... 
Phantom ... 

4-Wire with phase 
compensation ... 

2-Wire with phase 
compensation ... 

. .. 

. .. 

. .. 

PROPOSAL. 

I : Cable Constants. / Coil Constants. / Average f 
. Length I 

__ 

-
---

-- - ---- -- Repeater Length of 
Cut-off I of 

I 11 I Effective I Section Loading Fre- 1 Repe:iter j Gauge. Capacity. Leak- j Induct- Resist-
· 

Attenu- Section. quency Sect10n I v I k ance. ance. I t" k · , · mm, µr m. ! S/k I H ance. 
. 

a 1011 . m. I km. i__ 

I' m. · f = 800 . b.f. =800 

Approxi- -
mate 

Range. 
hm. 

------i----, -----1---l------1- ----
3450 I 140 ,1 0.9 0.0335 I o.8 I o. 140 6.o I 2.85 1.7 1500 
4300 140 0.9 0.054 i.4 0.056 2.5 I 2.85 l .7 3000 

-- - ' ------

-
-- 1 -

-
- -------- -1 - ------

7700 
9300 

i 
I 

3400 

I 
140 

4300 140 
- - --- -- --3450 i 

I 
140 

3400 I 
I 140 
I 

0.9 0.0335 j o.8 0.030 , i.5 I 2.8 1.7 

, ___ 
o

_
.

_
9 __ ,_ 0-_{)5±__ ) __ i.�

---
0.012 o.6 I �- _ _}_·7

_ 
: I 

0.0355 o.8 0.140 6.o i.4 i.4 1.7 

-1-
i.4 0.0575 i.4 0.056 2.5 i.4 1.7 

--
-- -----

--
·
-

I 
0.9 0.140 6.o 3.0 1.7 

I I i.4 0.140 2.5 i.65 1.7 
I 

6000 
6ooo 

700 
IIOO 

6000 

1100 



T
HE following extract from " The Times " 

report of the general meeting of W. T. 
Henley's Telegraph Works, Ltd., held 

on the 1st July under the presidency of Sir 
George Sutton, M.I.E.E., Chairman of the 
Company, may prove of general interest:-

"TELEPHONE CABLES. 

" In my reference to the expenditure on capital 
account, I referred to one new building for 
which employment might be far to seek. I had 
in mind a fine new building and plant we have 
put down to enable us to increase our output of 
telephone cables. We are disappointed at the 
small amount of work we get for these cables. 
We relied! upon the Post Office developing 
rapidly the use of the telephone in this country, 
and it was a duty for us to provide for the 
demand we expected they would make upon us. 

" How often have I heard abroad that as an 
engineering proposition there was nothing in 
the world to surpass the system constructed by 
our Post Office engineers, and yet we are so far 
behind other countries in developing the com­
mercial side. What we want is that the Trea­
sury should realise that if they cast their bread 
upon the waters it will return to them after many 
days, and not very many days at that." 

Even allowing for the zeal of the canvasser in 
pressing the sale of his wares, we must admit 
there is some cause for the plaint of Sir George. 
One can quite understand the need for reducing 
the enormous annual expenditure to which the 
country has been committed since the war, but 
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it is not quite so clear why the issue of capital 
to be used in remunerative work should be cur­
tailed. A study of the commercial reports of 

the Postmaster-General for the past few years 
will show that in addition to paying interest on 
capital and on maintenance and replacement 
charges-which are equivalent to the dividends 
earned by a private company-considerable 
profits have been secured from the operation of 
the public telephone service. It is true the 
main underground trunk networks have prac­
tically been completed, but the traffic is rapidly 
overhauling the plant equipment and there are 
still important areas to which the benefit of a 

stable trunk cable service is denied. The De­
partment is committed to considerable expendi­
ture in connection with the conversion of the 
London area to automatic working-which inci­
dentally involves the laying down of much new 
underground cable plant and the diversion of 
many junction routes-but in spite of this it is 
considered unwise economy to limit the issue of 
capital in lean commercial years, which as far as 
can be foreseen is almost certain to bring in a 
fair and ample return. Work in cable factories 
reacts on many other industries, and operates to 
the general well-being of the community. 

We cannot pass from the subject matter of 
the above extract without thanking the Chair­
man for his meed of praise for the work done bv 
the P .0. Engineering Department. A state­
ment like this goes far towards assuaging the 
disgruntled feelings produced by the many 
cheap and flippant comments in the lay press. 
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PROFESSIONAL TECHNICAL COURSES 
AT THE PARIS TRAINING CENTRE. 

M. Suchet, Engineer of the French Adminis­
tration of Posts and Telegraphs, describes in 
" Annales des Postes Telegraphes et Tele­
phones," of July, pp. 597-611, the technical 
courses given at Les Ateliers du Boulevarde 
Brune, Paris, to the various grades of officials. 
The classes cover Line Construction in all its 
varied branches, and maintenance of all kinds 
of telegraph and telephone apparatus, including 
automatic telephones. Practical instruction is 
given to pupils of the " Ecole superieure " J.S 

well as to Junior mechanics and linemen. The 
professors and instructors number 35 and deal 
with some 500 pupils a year. A detailed de­
scription of each course with photographs of 
the pupils at work is given. 

TESTS OF THE BAUDO�VERDAN 
RADIO APPARATUS. 

A description of this very ingenious adapta­
tion of the Baudot telegraph system for dealing 
with Radio work when atmospherics are causing 
difficulties was given in " Annales des Pastes 
Telegraphes et Telephones," in 1925, p. 645. 
There is now published in the same journal in 
the July issue of this year, pp. 562-581, a 
detailed description of tests made between Paris 
and Tananarivo, Madagascar, in September, 
1926, with a Baudot Triple set. A short de­
scription with diagrams of the arrangements 
used is given as well as photographs of the 
printed signals which were recorded on the 
Baudot apparatus. Messages were received 
when Morse working was totally interrupted 
due to a thunderstorm near the receiving station. 
A comparison is then made of the advantages 
of the 5-tmit code over the Morse, and the Tel­
a utograph methods for Radio work. A con­
cluding note emphasises the facility with which 
" Unison " between the two Distributors at 
Paris and Tananarivo was maintained. 

ROTTERDAM l\TUNICIPAL TELEPHONE 
SERVICE. 

In the January, 1927, number of this Journal 
some data were quoted from the Annual Report 
for 1925 of the Rotterdam Municipal Telephone 

Service. The Annual Report for 1926 has now 
been received and it may be of interest to con­
sider the progress of the system during the past 
year .. 

The total number of lines on the 31st Decem­
ber, 1926, was 19,752-an increase of 949 during 
the year. Of the three exchanges, Botersloot, 
with 12,552 subscribers, is still manual, but 
Vlaggemansstraat, with 2,916 subscribers, is 
now completely automatic, while of the 4,284 
subscribers on Thorenaarstraat, 2 ,389 are full 
automatic. It is expected that the conversion of 
Botersloot to full automatic working will take 
place during 1928. 

The automatic plant continues to fulfil expec­
tation�, and again it is recorded that no serious 
fault has occurred. 

Local traffic increased during the year by 9%, 
but, on the other hand, traffic with other cities 
diminished by 3.5%. 

From our point of view, the large increase of 
traffic from England-from 42, 195 to 57,544 
calls is very gratifying. As would be expected, 
however, the bulk of the foreign traffic is with 
Germany (280,940 calls) and Belgium (125, l 15 
calls). France is a bad fourth with 3,963 calls. 

Subscribers' ·complaints averaged 3.32 per 
subscriber per year, as ,against 3.40 in 1925 and 
3.00 in 1924. Actual faults, however, were only 
2.33, as against 2.36 in 1925 and 2.54 in 1924. 

The profit on the year's working amounted to 
near I y 918,ooo florins. 

Mr. R. A. Dalzell, C. B., C.B.E., Director of 
Telegraph and Telephone Services, has retired 
after forty-seven very active years of service. 
He was the first occupant of the post of Director 

• 
and he has set a very high standard for his 
successors to follow. In the N.T. Company's 
administration the district manager was also the 
engineer-or should we not rather say the engi­
neer was also district manager? In both these 
capacities Mr Dalzell secured valuable experi­
ence and displayed conspicuous energy and 
ability, and from 1905 until the Company was 
taken over he was Provincial Superintendent of 
the \V" estern Province. The administration in 
the G.P .0. North spee-dily recognised the prac­
tical value of Mr. Dalzell 's wide knowledge of 
the requirements of the service, from the admin­
istrative, engineering, and even the subscribers' 
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view points, and it was only fitting that when 
the demand arose in 1922 for a commercial 
manager for the telegraphs and telephones the 
Postmaster-General should turn to his Chief 
Inspector of Traffic, who poss�sed the necessary 
qualifications for the post. Although sixty-two 
years old, Mr. Dalzell is full of vigour and he 
retires with the best wishes of evervone he came 
into contact with for a long spell of good health 
and happiness. 

John Lee has also gone. His career is dealt 
with elsev.;here in this Journal. A charming 
personality, debonair and witty, with a wide 
and sympathetic knowledge of men and things, 
he achieved wonderful results in the C.T.O., 
which used to be a notoriously difficult place to 
handle, and his successor, Mr. J Stuart Jones, 
will find the way much smoother than it other­
wise would have been had not an administrator 
like John Lee first occupied the controller's 
chair. We offer now our best thanks to Mr. 
Lee for the many courtesies and services he so 
willingly rendered to us, and a message of con­
gratulation to his 'Successor. 

The following letter from Colonel Clav is 
interesting to o�r present day telephone �ngi­
neers. It gives a good instance of the initiative 
and resource of the old-time Company's men. 
\Ve leave it to our readers to find the name of 
the manager who was so conveniently lost for 
a time. 

Hurst, 
Sund ridge A venue, 

Thomley, Kent. 
25th July, 1927. 

THE EDITOR, Post Office Electrical En;;ineers' 
Journal. 

Dear Sir, 
In your Journal for April Mr. Shea shows 

several interesting ancient line structures. A 
few notes on the Sunderland one may he of 
interest. I do not remember the cost or bv 
whom it was built, but the circumstances were 
that the Company were restricted to a wooden 
structure. There was no chance of staving 
otherwisP than on the one house. The pre�iou's 
structure was on similar lines but not properly 
braced, and although it had onlv been erected 
five or six years it was unsafe. 

. 

VOL. XX. 

To get leave to erect a new structure was hope­
less. This new one was erected in the road 
where it \Vas made; eyery piece numbered and 
taken down. Then the manager went away and 
left no address. His deputy, l\Ir. G. F. Preston, 
was requested to get the old structure down and 
the new one erected in the shortest possible 
time and not to let anything stop the work. 
This Jw certainly did. 

The owner's solicitor was soon at the office 
asking for the manager, who, however, could 
not be found. The solicitor said the work must 
bP stopped. Mr. Preston had other views; '.t 

·was not safe to do so. The work was completed 
by the time the manager returned, or perhaps 
it would be more correct to say the manager 
returned when the work was completed and had 
a very hot time. He will never forget the inter­
view with the owner's solicitor, but, as your 
illustration shows, the structure remained sound 
to the end. 

ft was designed by a local architect under 
instructions from Mr. Preston and myself. The 
fact that it did its work for forty ye�rs and was 
only remoYed because it was no longer required 
shows, as Mr. Shea says, " It was built like a 

rock." 
Yours truly, 

C. n. CLAY, Lt.-Col 

THE LATE l\1R. \V. H. \VINNY. 
The following description of the funeral of 

the late Mr. W. If. \Vinnv is taken from the 
" Daily Telegraph " of the. 6th June:-

The funeral of Mr. \V. Humphris Winny, 
O.B. E., Knight of Grace, late Commissioner of 
the No I (Prince of \Vales) District of the St. 
John A mbulance Brigade, took place on Satur­
day at the City of London Cemetery, Ilford. 
The first part of the service was held at St. 
Paul's, Camden Square, N.W. 

In addition to the members of the familv and 
a large number of the No. I District, th� con­
gregation inrluded Major-General Sir Percival 
\Vilkinson, representing the Order; Chief 
Superintendent R. J. H�lford, representing the 
City Police; Mr. Dundas Grant, represe�ting 
the G. P .0.; Colon Pl l\foorP, representing tlw 
Chief Commissioner of the St. John Ambulance 
Brigade; Major Darvil-Smith, representing the 
Brigade Headquarters; and Sir Dundas Grant, 

p 
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a great personal friend. A guard of honour 
was formed by the members of the No. 1 Dis­
trict. The new Commissioner, Lieut.-Colonel 
F. A. Brooks, who read the Lesson; his Assis­
tant Commissioners, Dr. MacFadden, Dr. N. 
Corbet Fletcher, Dr. G. W. Kendall, the Dis­
trict Surgeon, Dr. R. Connon Robertson, and 
his District Staff acted as pall-bearers. Dis­
trict Officer S. J. Warren carried the late chief's 
decorations on a cushion. 

In addition to the family wreaths there were 
wreaths from No. I District, from the Venerable 
Order, from Mrs. Lancelot Dent, Lady Super­
intendent. of Brigade Overseas, from his 

colleagues in the Post Office Engineering De­
partment, from Sir James Dundas Grant, and 
many others. 

Mr. Winny was a fine chemist and was for 
several years in charge of the testing laboratory 
at: Mount Pleasant. He became an Assistant 
Staff Engineer by examination and was attached 
to the Test Section. For many years he was on 
the teaching staff of the Northampton Poly­
technic Institute. He rendered very valuable 
services during the air raids on London during 
the war and was awarded the order of Officer of 

the British Empire for his work with the St. 
John Ambulance organisation. 

HEADQUARTERS NOTES. 
EXCHANGE DEVELOPMENTS. 

The following works have been completed : --

Exchange. 

Wakefield 
Sandal 
Llandudno 
Colwyn Bay 
Sheffield Central 
Beauchief 
Owlerton 
Sharrow ... 
Broughty Ferry ... 
Dundee 
Ecclesfield 
Torquay ... 
Govan 

Walton-on-Thames 
Doncaster 

Rusholme 
Wimbledon 
Birmingham Test Deck 
Bradford ... 
Reigate 
Worcester 
Buckhurst 
Cambridge 
Harrow 
Bristol Corporation 
Lipton Ltd. 
Asquith Ltd. 
Dunlop Rubber Co. 
Middlesbro Co-op. Society 
Plymouth Corporation 
Shell Mex Ltd., Strand 

Butler & Co. 
Accles & Pollock 
Liverpool Warehousing 
Royal Berks Hospital .. . 
W. Goodyear & Sons .. . 
E. S. & A. Robinson .. . 

Type. 

New Auto. 
.. 

" 
Auto. Extn. 

" 
New. 

Manual 
" 

Manual 
Extn. 

" 
P.A.B.X. 

" 
P.A.B.X. 

Extn. 
P.A.B.X. 

" 
P.A.B.X. 

Extn. 

'No. of Lines. 

945 
250 

II40 
1220 
6300 

800 
800 

1500 
275 
915 

90 
300 
660 

560 
800 
720 
480 
420 

1530 
90 

IOO 
30 
80 
50 

210 
40 

30 
50 
60 
50 
30 

Orders have been placed for the following new 
Exchanges :-

Exchange. 

Archway .. . 
Southend .. . 
Gt. Wakering 
Hadleigh 
Leigh-on-Sea 
Marine 
Rochford ... 
Thorpe Bay 
Hillside Park 
Reliance ... 
Croydon M.F. 
Maida Vale 
Cowley 
Headington 
Summertown 
Haxby 
Temple Bar 
Langham 
Dringhouses 
Liverpool Observation Desk ... 
Upminster 
Chigwell ... 
Ambassador 
African & Eastern Corporation 
Barrow Corporation 
Brinton & Sons ... 
Waring & Gillow 
Meccano Ltd. 
British Electrical Federation ... 
Steel Nut & Hampton ... 
Pendleton Co.-op. Society 
Shell Mex Ltd., Weaste 
Reading Co-op. Society 
Electra House Ltd. 
Shell Mex Ltd., Aberdeen 
Midland Bank, Piccadilly 
Nelson Co.-op. Society 
Ocean Coal Co .... 
Shropshire Power Co. 
Wood Green Council . . . 

, _
_ T

_

y

_

pe

_

. __ ]No� o�ines. 

Auto. 

Ma�ual. 

" 
P.A.B.X. 

" 

I 3200 
3040 

300 
420 

1950 
1430 

175 
76o 

2400 
2700 

7500 
200 
200 
600 

85 
7900 
8050 

180 

440 
520 

2000 
60 
40 
40 

170 
50 
So 
30 
30 
20 
20 

230 
20 
40 

6 
IO 
40 
40 



HEADQUARTER NOTES. 

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

Exchange. 

York 
Giffnock ... 
Belfast Relief 
Berkhamsted 

Type. I No. of Lines. 
I 

----1 

Auto. I 
Mnnual. 1 

580 

Exchange. 

Cambuslang 
Bristol Relief 
Sale 
Salisbury .. . 

Windsor .. . 
F..S. & A. Robinson 
Daily News 

--- ! ---

�:__ j_:o. of Lines. 

Manual 280 
" 1700 
" 420 
" 46o 
,, 300 

P.A.B.X. 
" 30 

LONDON DISTRICT NOTES. 

DURING the quarter ended 30th June, 1927, 
the nett increases in the number of Exchange 
Lines, Extensions, and Stat ions respectively 
were-4993, 5220 and 8414. 

MILEAGE STATISTICS. 

The following changes have occurred during 
the June quarter:-

Telegraphs.-A nett decrease in open wire of 
4 miles and a nett increase in underground of 
84 miles. 

Telephones (Exchange).-A nett decrease of 
open wire (including Aerial Cable) of 23 miles, 
and a nett increase in underground of 72,8q2 
miles. 

Telephones (Trunk).-A nett increase in open 
wire of 42 miles, and in underground of 309 
miles. 

Pole Line.-A nett increase of 63 miles, the 
total to date being 5,728 miles. 

Pipe Line.-A nett increase of 333 miles, the 
total to date being 8,887 miles. 

The total single wire mileages at the end of 
thf' period und'°r review were:­

Telegraphs 
Telephonf's (Exchanges) 
Telephones (Trunk) 
Spares 

24,689 
2,062,444 

66,658 
129,849 

INTER'.\!AL CONSTRUCTION. 

The Extension at Reigate Exchange, which 
was commenced on 13th April, was completed 
on the 30th July and proposals are now in hand 
to instal a new suite of Boards (22 positions) to 
extend to the full capacity of 2,780. 

An extf'nsion at Harrow Exchange by r, roo 

locals plus 3,000 Multiple has been completed 
and brought into use on August rnth. 

\Vork is proceeding on the Automatic Ex­
changes at Holborn, Bishopsgate, Sloane, 
Western, Bermondsey and Monument. The 
former is practically completed and hopes are 
entertained of this Exchange being ready in 
October or November. 

New Exchanges for Barnes (to be named 
Prospect), Merstham and Hatch End are in 
rnurse of installation. 

GENERAL. 

Tandem Exchange.-On August 18th there 

occurred what must be regarded as one of the 
most outstanding events in the history of the 
Telephone. This evPnt was the opening for 
public service of tlw new Tandem Exchange. 
\Videspread interest has bt>en aroused in con­
nection with this exchange. A full description 
appears elsewhere in this issue. 

During tht> two months preceding the opening 
the apparatus was subjected to the most rigorous 
tests ; over one million calls were passed under 
"artificial traffic" conditions; routine testing 
was also carried out daily at all exchanges. 

On the opening day the utmost interest was 
displayed by all concerned and the results 
watched with great care by Engineers and 
Traffic Officers alike. The opening of Tandem 
is the preliminary step to the conversion of 
the London area to automatic conditions and 
if the subsequent changes from the manual to 
1 he automatic system are equally satisfactory 
there is no doubt that the capital of the Empire 
will be provided with a telephone system which 
will rank second to none. 



�JR. T. PLUMMER. 

MR. THOMAS PLUMMER, M.I.E.E. 

i\l 1� T. P1uM�1En. 

BY the rf'tirrnwnt of Thomas Plummer, or 
"T.P." as his intimatt•s prefNrt><l to rail him, 
at the end of July, thr l�nginrrring Department 
has lo. 1 an outstanding prrsonnlity and one who 
was devoted 10 it. I lis associalion wirh lhe Post 
Office mav be said lo hnv<' commencrd at birth, 
his mother having been a l lc>acl Postmistress. 

Born nl �ew I{ oss, Co. \ \'pxford, he was 
educaled nl Pornek Colll.'ge, T\: i lken n .'', where 
he gai1wd n . cholnrship tc·nnhlr for three years, 
followed b,· nnnthn for on<' \'f'ar at Santrv . . . 

School, Co. D11hlin. lie· rarl_v developed a 
leaning Inwards scit'1Wc' and oblnined certifi­
cates in 1 IH' ach·a nrc•d st ag-c· of Physics n nd 
Mathenrnl ics. 

After n short rwrind on t lw Posla I side h<' 
entered lhe EnginC'Pring J)rpnrrnwnl :it Cork in 
August, 1885, as n Junior Clerk in lh<' office of 
Mr. TT. Pomeroy . llwn. uprrinl<'ncling Enginerr 
of the Sour liern I n·land Disl rict. .\s 1 IH're \\'N<' 
only three clerks in the• nffic<' rlw 1r:1ining was 
of an all-round characlPr. TTis inlerrst in 

rechnicnl telrgrnphy w:is :irous<'cl, nncl in 1886 
he wns awardrd lhe C'il\· :ind Cuilcls Hronz<' 
'fedal and £5 prize in lhl' Tlnnours . tag<' nf 
Telegraph:·. .\t n ktl<'r d<ttf', whrn Trlrphon_,. 

had become a srparnle subject, lw addrcl to hi<> 
previous succe�s rlw Silver .\fl'dal and ls prize 

with Firsr Class I lunours in tlw1 subject; he 
also Louk similar h11nours in l�IPctric Lighting 
and Pm\C·r and l�lc·c1ro-�lc·1allurg.'·· 

llis promu1ion 10 a Svnrnd-Class Engineership 
came in 1893, ;ind thrl'l' .n·ars la1er he> \\as 
selected i>y 1 lw l·:nginrC'r-in-ChiC'f 10 assist in 
the transfC'r of rile Trunk Tt·lc,pho1w Service 
from tlH· bte :\ .T. Comp:1n_,. 10 rlw J>osl Office. 
I fc was so eng:t(!"<'tl :11 Slwllieltl, Clasgow and 
Bl:ickburn; and for a 1inw \\"as attaclwd to tlw 
old N.\\'. Distrir1 :11 'l:inclwsr(·r lo supervisf' 
the fitting of nc'" Trunk <·quipnwnt in most of 
the towns in thal Disrrict. 

Promoted lo ;1 Fir:-.1 Class l�ngin<'ership in 
1897, lw Sf'n·ed under tlw late i\lr. 'i\1. CoopC'r 
in the Tc·lephonc, Sl'C'lion at flemlqunrters, when' 
he took :in actiYP part in rlie dPY1·lnpmrnt of rlw 
Post Office lt'ieplw1w sPn·ice in I .ondon and the 
Pro,·i nces. Fu r1 lwr prom or ion Io Serond Class 
Technical Officf'r came in 1<)00. and a few vears 
later (1qo6) in accordanc<' with 1111• poliry al that 
time which requir<'cl l lc•adquart<'rs officers to 
oblain prm·incial t>xperit'ncP, his :ictiviti<>s "·er<' 
trnnsfem•cl to Li\"t'rpool as .\ssistant to Sir 
"'illi:im Slingo . . tqwrinlending Engineer of 
tlw N. \i'\Tales Districl, whom hf> eventually 
SllC'C'ePdrd in I q I I . 

/\ rearrangenwnt of f)istricts led to Shrews­
hrrr_,. becoming- tlw h<>adCJIWrlNs of the District. 
Liverpool and its f'nvirons passed to the S. 
Lanes. District, :ind Iorth YValrs absorbed a 
portion of the old S. Midland District, includ­
ing Binning-ham, the Black C'ountr_v and ThP 
Potteries. 

His long- :issociation with th<' N. \Vales 
District ga\'P him :in intimate lrnowlrclgr of its 
stafT :ind :ifTairs "·hich was not surpassrd, and 
which i 111 prf'ssed a 11 whn had orrasion to d isrnss 
them �·ith him. 

His mrmbrrship of the Sup1•rintending- En­
j:!"inrrrs .\ckisorv Committee· sincr rq13 Pntniled 
a df'tailrd knO\\"ledge of many and di,•ersr detail<> 
of Pvrn·dav \\·ork, <1ncl his closr application to 
thf'St' wns nl oner an inspirntinn [llld :in example. 
Tn lht" midst of hi:-. man,· acti\'itirs he was ne,·er 
too bus,· to 1'xnmin1• nn.'' mattt>r placed before 
him. 

.L\s Chairman of th<> N. \i'\'ales Branch of the 
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l.P.0.E.I�. his ac1 in� persunal inll"rl·Sl \\'as 
largel:· responsible for the ''ell-allended mcct­
incrs and lhc high perren1age of i1s mc111bcrship . "' 
I le ,,·as rnrely absent from a 111l'eling. look a 
leading parl in llw clisrussions ;ind hi111sl'lf run­
trihuted man_,. inlcr<'sting papers. 

llis nw111lwrship of tht' 1.1·:.E. cxtendl'd O \'C'r 
thirty years, and lw sl'n ·ed on the Committee of 
the Birmingham Local Centrt', acted as Vicc­
Chai rma n and \\'a s preven led f rum a rel' pl i ng the 
Chairmanship only b_v residence in Shre\\'sbury. 

In spite of lhcse p re-occupation� ht> had 
numerous outside interests. !wing- nn thr Com­
mittee of the Shropshin• Philosophil ·al Societ_v 
and also its 'hairman for a session. The local 

R<tdio Society also claimed hi� attention and 
sen·ices as Chairman. 

R o \\'i ng and " R uggcr " ''ere his n·laxat ions 
in earlier .n·ar�. and tht'Y typify the ,·igour of 
his later years. To tlw d:1_,. of retirement he 
''"s ;1n arlivc n·rlist, unclC'tNrecl ll\· ;111y wl'alher. 

The ll'isurc. ,,·hich rC'I irPllH'n i <'lrfnrds will 
doubt less {'nabil' him lo l'njo_,. full_,. his mrmber­
ship of tlw Caradllr Fi<·ld Club, which caters for 
the gpolugisl, the bot;1nis1 and Ilic arrhccologisl 
in lhc hcauliful nn1nlr_v :1 n1und Shrewsbury 
where IH· \\'ill nml inue lo n·side . ] I is many 
friends hop1· that thesl' pursuits ma:· l'nable him 
to reg-ain the sound ph_,·sirnl health which he 
had enjoyed until recently. IL J. G ILL. 

EDWIN JOHN ELDRIDGE, M.l.E.E. 

.\IR. I·:. J. E1.1>Rli>CE. 

MR. E. J. ELDRIDGE, Superintending En­
gineer of the 'oulh \\'estern District, retired on 
the 30th September, 1921, after completing 4l> 

years' sen·ice. 
�Jr. Eldridge commenced hi� rareer in Jul.'. 

1 '81, as a telegraphist in the Central Te legraph 
Office, where he remained 4 years, passing 
thence to the Registry Branch of the Secretary's 
Office, and, subsequently, in 1887 became a 
J unior Clerk in the Engineering Department. 

From Lhis time 011\\ard::. he ruse �uccessively 

1hrough 1he ra n ks ul Engineer, Technical 
Officer . . \��I. �uperi n1entling Engineer lu Sta ff 
Engine1·r. and in 191 1 Ill' l >cr: 1me Superintend­
ing l�ngincer of ti ll' i'\urll1 :i. tidlancl District. 
In 191.:; lw ''ent 1n lhl' South \\\�stern District 
lwadqu;1rtl'r"> a1 lhi..,1tJI, '' ht'rc he remained 
until till: dale of hi::. n:tirl'111ent. 

.\hout 1X•J3, '' lw11 rt•lil ·1 ing 1he l'ngim:er of 
the \\'e�lcrn l )i�1ri1· 1 1Jf l.11ndon, ,\Ir. Eldridge 
\\'a� a�scwiatl'd '' itli ;lfl . \ 11wric:1n engineer in 

carrying !JUI expl·rimvnt� \\ilh the " Telauto­
graph " bl.'l\\C::l'n thc l�nginvl'r-in-Chief'� Office 
and the \\'.D.0. Four \\irc� \\Crt.: then in use 
fur till' purpu!.->l', l >ut re;1:,onably :,atisfactory 
results ''ere obtaincd uni_,. as long as an expert 
\ \'as in attendance. 

One in-l ance of 1he difference bel \\'een the 
past and present d<1_1· nwthods is exemplified by 
I he fol lnwi ng narrative, '' h ich J\J r. Eldridge 
relates with much interest. ,\s a 2nd Class 
l�ngineer he was deputed to m·erhaul the M etro­

pnlitan Police ys1e111 (then an A.B.C. instal­
lation). At vVoodford Police Station he found 
1ha1 repairs to the key� of the transmitters had 
been carried oul in a very crude' manner and he 
asked for the namr of the lineman who had done 
the. work. The Inspect nr in charge of the 
station replied : -" \Ve never trouble the line­
man. If anything goes wrong we get the pot­
rnan from the Pub. o,·er the road lo come across 
and put things right! " 
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He undertook, among many olher special 
duties while in the London District, the first 
change-over in TS. from primary to secondary 
cell working, and in Oct., i898, in association 
wi lb the late Mr. J. Leyshon (affectionate! y 
known as " Uncle " by all who knew him), was 
employed under the late Sir (then Mr.) John 
Gavey in making what was then described as a 
telephone survey of London, together with the 
preparation of estimates, paving schedules, 
reports, etc, for the Secretary. During the pro­
gress of the works were authorised subsequent 
to the survey, difficulties arose in the supply of 
stores in sufficient quantity to carry out the work 
expeditiously, and Mr. Eldridge was appointed 
by Mr Gavey to act with the late Mr. W. H. 
Allen-representing the Controller of Stores­
to determine the orders to be placed, the rates 
of delivery, etc. 

In June, 1905, he was called upon by Mr. J. 
Gavey to prepare for him, in readiness for the 
evidence he was to give before the House of 
Commons Committee, an estimate of the valua­
tion of the National Telephone Company's plant 
which was to be acquired by the Department 
in 1912. Ducts, cables, switchboards, subs. 
apparatus, open wires and buildings were to be 
valued separately, and as only a week was avail­
able for the purpose, neither Mr. Eldridge nor 
Mr. A. E. Chandler, who assisted him, found 
the time hanging on their hands! 

The amount arrived at was £13,270,125. 
Some 7 years later, after a very detailed valua­

tion, the Arbitrators assessed the replacement 
value at £13,059,827, with a depreciated value 
of £12,515,264. Each set of figures excluded 
the Private Wire business of the Company, 
which was dealt with independently. Such a 
close approximation as that arrived at by Mr. 
Eldridge was undoubtedly a very satisfactory 
forecast, and must have been of great assistance 
to the then Engineer-in-Chief during the detailed 
investigations carried out prior to the arbitration 
proceedings. 

After spending 4 years as Asst. Superintend­
ing Engineer in the North Metropolitan District, 
Mr. Eldridge returned to Headquarters in April, 
1909, as Staff Engineer. During his stay at 
Headquarters he was for some weeks, consequent 
on the illness of the Superintending Engineer, 
Mr. E. Catley, in charge of both the North 
Metropolitan District and the Headquarter Con-

struction· Section, spending· the forenoon in the 
former and the afternoon at Headquarters. 

ln January, i91 J, Mr. Eldridge was appointed 
Superintending Engineer and from this date 
until the date of his retirement he remained in 
the Provinces. 

During the \Var l\lr. Eldridge's unflagging 
activity found wide scope mYing to the heavy 
lfrmands of naval and military requirements in 
the District. 

In additiun, in llJ16 he was rnnnected with the 
hurried proYision of the Repeater Station at 
Penzancf'. The l mperial Cable connecting 
Halifax, Nova Scotia, with Penzance and 
London was fornwd by means of an ex-German 
,.\tlantic cable, and within six weeks of the 
necessity for the Repeater Station at Penzance 
becoming known the Office had been established, 
and the underground cable connecting Penzance 
with Mousehole-a distance of 3t miles-com­
pleted, the latter being the landing place of 
the submarine cable. The Repeater Station 
premises (then a billiard room) were required 
under D.O.R .A., were adapted and equipped 
and a fisherman's unroofed shed or tank was 
made suitable for a Cable Hut, and utilised 
accordingly. 

The interests and acttY1t1es of Mr. Eldridge 
was not confined to service organisations. Out­
side the Service he is well known and held in 
high esteem, and among his varied interests 
outside official life are the following : -

Fellow of the Rm al Colonial Institute and 
l\Iember of Council, Bristol Branch. 

Member of Committee of Institute of Elec­
trical Engineers (\Vestern Area). 

President of both \Vest of England (Civil 
Service) Bowling Association and Bowl­
ing Club. 

He is fond of gardening and has recently 
taken to golf, and with his usual cheery optimism 
is looking forward to reaching championship 
form in the near future. 

Time has dealt kindly with him and he retires 
full of vigour and in good health. His retire­
ment was a matter of regret to all who served 
under him, and it is the wish of his many friends 
both inside and outside the Service that he may 
live many years to enjoy his freedom from 
of£cial cares. 

A.E.C. 
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JOHN 

JoHN LEE entered the Liverpool Post Office 
in 1883. His first appointment was on the 
Telegraph side, but he became associated with 
the working of the trunk telephone lines at 
Liverpool on their acquisition by the State in 
1896. In his new work he lost no opportunity 
of personal discussion with subscribers, and in 
this way he acquired an insight into the public 
attitude not only towards the new service but 
also to Government control in general This 
was of particular value to a man who, as time 
went on, developed an ever-increasing interest 
in the problems of Public Administration. 

In 1906, Lee became Chief Clerk at the 
Birkenhead Post Office, but this was regarded 
generally as a provisional appointment and his 
promotion in the following year to one of the 
new Assistant Traffic Managerships at Head­
quarters created no surprise. The new work 
afforded great scope to a man of Lee's ability. 
The trunk telephone system had from the first 
grown very rapidly, but the opening of Local 
Exchanges by the Post Office in London and 
elsewhere as the result of the recommendations 
of the House of Commons Committee of 1898 
gave it a remarkable impetus. Little research 
work on the traffic aspects of long distance 
working could, however, be carried out until an 
expert body had been created at Headquarters 
to co-ordinate the studies \vhich were being made 
in the Trunk Exchanges up and down the 
country. 

In 1909, John Lee was sent to India to advise 
on the working of the Railway Telegraph Sys­
tem, and in 191 l he went to the LT nited States, 
in company with Colonel Purves, Luart Jones 
and the late A. W. Martin, to study and report 
on the working of the Am�rican telephone 
system. 

In September, 191 l, he became Telegraph 
Traffic Manager, in April, 1916, Deputy Chief 
Inspector of the reorganised Telegraph and 
Telephone Traffic Section at Headquarters, in 
1917, Postmaster of Belfast and finally, in 1919, 
Controller of the Central Telegraph Office in 
London. 

Of special tasks, John Lee had his full share. 
Some have already been mentioned. In 1917, 
he was largely responsible for the arrangements 

LEE. 

for the employment of women telegraphists and 
telephonists on the lines of communication in 
France, in 1920 he attended the Paris Conference 
in connection with the restoration of European 
communications, and in 1925 he was appointed 
Head of the British Delegation to the Inter­
national Telegraph Conference at Paris. His 
task at the latter was particularly exacting, as 
he was nominated as President of the important 
Reglement Committee. The Conference had 
not met for 17 years and after war economic 
conditions had created problems the solution of 
which needed more than ordinary ability. John 
Lee carried out his task with striking success. 
There was no more popular man at the Confer­
ence and at the termination of the work of his 
Committee he was given a reception which no 
one present will easily forget. 

As an office chief John Lee has had few equals 
in the Post Office. He has a genius for leader­
ship. No one has tried more earnestly to make 
Whitleyism a success. It has always been his 
endeavour to carry his staff with him even in 
minor changes. He is not one of the " strong 
silent " men about whom many people cherish 
romantic illusions. He positively revels in dis­
cussion. His first move when anything special 
was in hand \vas, not to bar himself in his room 
and indulge in hard thinking, but to get to­
gether all those concerned and start a sort of 
communal thinking aloud. Presided over by .1 

man with Lee's wealth of ideas and extra­
ordinary quickness of perception, such meetings 
could be remarkably effective, as those who 
served under him at Paris in 1925 can testify. 
He did not lose sight of the educational value of 
committee work to the more juniur men, whom 
he frequently appointed to serve on the com­
mittees he set up in his own office. 

John Lee has always had many interests out­
side the official world. He is a keen Church­
man and a lecturer and writer on many subjects. 
A man with the widest sympathies, he has 
interested himself extensively in Industrial Wel­
fare and has acted as Chairman of several con­
ferences on the subject. 

Shortly before his retirement, Lee became 
seriously unwell, but the latest news of his 
health is reassuring and there is every reason to 
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hupl' thal ill' 11 ill Ill' ;1hlt.: tu l'1>nlin11L' sollll' �1t 
an.'· rail' of his acti,·itil's of thl' p;ist, in addition 
to his lll'\\' rl'�punsihilit.'· as a Dirc:ctor of the 

.\ut11111alic Tl'll'pliom· Company :111d its as!'>u­
ciated roncerns. 

11.G.T. 

G. F. MANSBRIDGE. 

T11E folluwing lntlc.1 stalement of facts cx­
LractecJ frulll '' \\'ho's \\'ho in Engineering" 
gin:s a n·cord of the r:1rLTr of onl' ''Ito, although 
ne,·er artuall.' in thl' Engim·L·ring lkpartment, 
is encJcl\\ ed to his linger tips 11i1h the instinct 
a ncJ spi ri I of t lie l'ngi nl'l'r and i:-, perhaps one of 
the l)l'Sl k1H>\\ll P.O. men in engineering circles 
out�ide the · 'l'\'IL'l' :-

George F1wkrirk .\lanshridge. 0.13. I� .• 

.\1.1 .1�.I� .• �l.Sor.C.E. (Frann•): Vice Con­
truller, Storc:s lkpartment, G.P.O. since 19.q; 
horn 18<17; educated at the 1 laberdashers 
, 'chools; soml' timl' assistant lo Prof. Oanicll; 
assistant to Sir \\'rn. Slingo, science school, 
C.T.O.; in chargl' Test, C.T.0. Land lines 
1887-1)1 and Sul>111:1rinc Cabks 1892-.+; c_;hief of 
Testing lkpartnll'nt (.\latl'rials) 1895-1902; 

.\ssistant Supt. and Supt. Tl·kgr:1ph Factories 
1903-13; .h�istanl C1mtrnllcr, P.O. Stores Dc­
p:1rt111t•nt 1<)1.+-2.+; Principal of Ell'ctrical En­
gineering Dl·pa rt ment, Croydon Pol �·tech n ic 
1897-1916; Triple .\IL:dallist Elcxtru-Tcchno-

logy ; Patentl'l' St:1t iL· Cundl'nsers, I nduL·t:11Ke 
Standards. Cablt·s. l'tc.; Consulting l�ngineer 
tu .\lansbridge Cundl'nSl'r Co. Ltd. 

It is perhaps in connL:ction with the inH·nt1un 
of the papl'r foil nmdenser that l\lr. J\lans­
bridgl''s nallll' is usually asso�:i;1ll'd, lrnt that 
far-rl':ll·hing inn()\'aliun was onl.1· une l'pisode in 
;1 \Try bu�. '· ulfo·i;il life. The ;\lansbridge rnn­
Ul'nser was brought into the world a little tou 

soon from une point of ,·iew since the patent 
rights had l'xpin·d hdore the popular arrival uf 

brn:1dc:1st i ng, �' h ich opened an L'111ir111ous lil'l:I 
for t lil' use ()f cundl'nsns. \' l'\'t'rt hl'lt.:�s. the 
Ill'\\' prncl'SS uf 111anuf;iclurl' ,,·as adopll'd quid'l.1· 
1liro11glwul lhl' world undl'r tin· fusll'ring earl' 
tif till' l';1rlil'st lin·nn·l·s-Thl' \\'l'stnn l·:lcctrit· 
Coy. :ind thl' lfriti�h lnsulall'd a11d I klsb.1· Cu. 
-and prices for p<q>l'r condl'nSL'rS c:1nll' tumbling 
<lo\\ n to about a q11artl'r of Lhl'ir JHl'\'i()US ligures. 
!\not her pi ere of apparatus, n·ow ''id el·" used a!> 
a lunc>r in radio Sl'lS, L'spccially in .\merica, and 
railed erron1·uusly a ,·;1rionH'll'r, \\':1s int rud11red 
lirst b.1· .\Ir. J\lansliridg·v in his "Variable 
standard cif Sl'lf-1 nduclion," and lwrl' again his 
product was ready beftirl' the big ma rkct had 
dl·,·elupL:d. 

One portion of hi� \\ ork .\Ir . .\lansbridge 
looks back upon '' i I h a j usl i lil'd dq.;n:l' of :-,at is­
f:1ct ion-for tin· \\'l11>le 1>11siness \\ :ts a blmur of 
IP\'l' 11 ith him \\ as in cunn1·c1iun with the 
nwational and g1·m·ral 1•duc:1tion of \\Orking 
l:1ds. It ma.\ hl'.()f interl'�t lo nwnlion that till' 
\\ ork done at the P.O. factoriL•s stimulated the 
l'clucational authorilil's to embark on similar 
sdll'nws, and that the I lollmr11\· f-":1ctor\' work­
shop allocated for this purposl: \\'as rep

.
roduced 

by the L.C.C. in their adn!rtising posters as an 
illuslr:llinn of \\'IWI could be and \\'LIS being· 
drnw. thoug·h of n>urSl' \\'ithuut disclosing the 
origin . 

.\Ir. �lanshriclgc is so much youngl'r than his 
yl'ars, bus.'· years though they werl', that he 
c;111not now sit do\\ n quietly and take his case. 
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He is, we understand, joining the board of the 
Phcenix Telephone and Electric \Vorks Ltd. 

On the 1st September he was presented with 
a silver cigar cabinet and a silver rose bowl for 
Mrs. Mansbridge by his colleagues in the Stores 
and other departments. The presentation was 
made by l\fr. Sparks, Controller, before a large 
gathering at Bedford Street. Congratulatory 
�nd reminiscent speeches were delivered by 
representative men from the Stores and Fae-

tories, and l\1 r. S. A. Pollock testified to the 
esteem in which he \\as held by the Engineerinq 
Department. A letter of regret from Col. 
Purves for his unavoidable absence was read. 
Mr. Mansbridge made a characteristic reply, 
and Mrs. Mansbridge in a short charming 
speech said she was glad in one sense that her 
husband had retired as she was confident and 
hopeful she would now have him longer at home 
than he had been during hjs official career. 

LOCAL CENTRE NOTES. 

[The follmuing notes were received loo late for 
inclusion in llze July issue.-EDs., P.O.E.E.J.] 

SOUTH �llDL\ND CE:\TRE. 

On the 23rd February, Hp7, l\lajor E. C. 
Harris read his paper on " The Training of 
Inspectors," and d\\ elt upon the numerous 
qualifications and essentials of a good Inspector. 

ln opening the,discussiun l\lr. Roach men­
tioned the courage required to read such a 
paper. It seemed to him, however, to be largely 
advice to aspirants and to set forth ideals. Ile 
agreed with what had been said, but would 
prefer to take the Secretarial files as a standard 
for reports rather than l\Iacaulay as advocated 
by l\Iajor llarris. l\Ir. Roach regarded the 
particular weakness of Inspectors to be in their 
dealing with \\'ayleaves; he suggested pre­
paredness as an essentia 1 and mentioned the 
importance of prompt transport. 

l\Ir. Gilpin enquired regarding .,\dvice 1\otes 
and the limit of £ 100 and also the di ,·ision 
between " C.S." wurk and development. 

l\Ir. Bolton asked whether the propusals were 
actual requirements or were just pious aspir­
ations. Sir. Cook's remarks were mostly 
cnt1c1sm . Ile failed tu s�e any particular 
method of training in the paper, but regarded it 
rather as notes for would-be Inspectors. The 
present system put the onus on the man who 
adopted a " trial and error " method and he was 
often left without guidance. The Inspector's 
job was a difficult one, it embraced a great 
variety uf subjects and required agility of mind. 
He recommended the study of mathematics as a 
Yery suitable means of mind training. He also 
enquired as to the means of edifying the skilled 

workmen \\horn he diYided into two types-­
those who sought adYancement and those whu 
would not be bothered. He adnJcated a course 
for selected workmen similar tu that now given 
lo probationary Inspectors and also the holding 
of round table conferences to which difficulties 
could b� disrnssecl and ad \'ice given. 

�Ir. Lewis was anxious \\ith regard tu the 
treatment of new entrants. Ile regarded the 
present " Youth- in-Training "  system as un­
sound, inasmuch as educated youths were em­
pluyed haphazardly for some time and there was 
a danger of the benefit of their academic educa­
tion being lust. They \\·ere not being trained at 
present and he advocated a system similar tu 
that adopted in the ;\dmiralty Dockyards where 
during the first four years of their service the 
apprentices were employed half time on practica l 
work and half on theuretiul tmining. The 
system, he contended, had produl·ed many 
\\'hii\\orth Scholars. 

Mr. Gradll congratulated the lecturer, but 
regardt'd the paper as a statement uf the duties 
of an Inspector and of his qualifications before 
appointment. The question of how they were 
to be trained was still urnrnS\\·ered and he sug­
gested attaching them to a skilled officer for six 
weeks where they \\ould have easy access to the 
regulations, deal with the correspondence and 
see the execution of works. He \\as also dis­
appointed with the present system of training 
youths and emphasised the importance of tuition 
on internal work, the care of motor vehicles, the 
systems of loose-leaf diagrams, cable records, 
and Inspectors' duties generally. Mr. T. 
Martin also congratulated the speaker and en­
f]Uired as to the aYenues for the advancement of 
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Draughtsmen to the l nspectors' class. l le oon­
sidered that experience as Draughtsmen made 
them \·ery suitable for development \York. l\lr. 
Pendry enquired regarding the use of Technical 
Instructions and forms and also of credit for 
Engineering \\ork. lie hoped fur a paper on 
these lines. 

.L\lajor Harris suitably replied tu the speakers 
and the meeting concluded with a vote of thanks 
to him. 

)d the meeting h�ld on the 30th March the 
Chairman presented a cheque and a certificate 
to Mr. F. V. Padgham of Guildford, awarded 
for his essay. " Transmission Testing Sets," 
and a certificate of merit to Mr. N. V. Knight 
for an essay entitled, " "�utomatic Exchanges 
-Non-Director Areas." In congratulating the 
winners, the Chai1rman expressed his pleasure 
that the prestige of the South Midland District 
had been maintained in the r926-27 competition. 

�Ir. S. l\Ioody read a paper" Advice Notes." 
The steps which it was necessary to take 

immediately after an A .N. is received were 
stated and :\Ir. Moody made suggestions which, 
it was claimed, would shorten the period be­
tween the enquiry for telephone service and (if 
an agreement is signed the receipt by the In­
spector of instructions to proceed. An amend­
ment to the \\T.I. forms was also proposed. 

The author was of the opinion that un­
necessary recmds \\·ere sometimes kept in local 
offices. 

The question nf making a survey in the case 
of smaller works was investigated at some length 
and definite suggestions were made in this con­
nection and a new type uf survey form proposed. 

Mr. Moody ended with a promise that the 
execution of the work would furm the suhjel't of 

another paper. 
Messrs. Dwyer, \\'akefield, Mullens, Gilpin, 

Beaumont, Halton and H. \V. Peck took part 
in the very interesting discussion and the Chair­
man thanked the author for his efforts. 

The latter part of the meeting vvas devoted tu 
a paper: " Advice Note work from an Engi­
neenng puint of view," given by Mr. \i\T. L. 
Tavlor. 

After describing an A. N ., the necessity for 
promptitude in carrying out the work was 
stressed, particular attention being given to the 
negotiation of wayleaves, adequacy of staff and 
supply of stores. 

l\lr. Taylor passed on tu demonstrate the 
importance of pre,·enting annoyance to a Sub­
scriber by giving close attention to details of 
the \vork required for his connection. A plea 
that deveiopment schemes should be extended 
to m·erhead plant and not confined tu proposals 
for underground cunductors \vas put in and the 
author did not agree that the work of preparing 
llevelopment studies should be transferred from 
the District l\lanagers to the Engineering De­

partment. 
Proposals to cum'ert the Ford vans into 

carriers of light poles and also alteration of a 

method of leading-in were explained. 
Points to be watched when running internal 

\\ires were set out and the paper ended with 
three maxims. 

Various items for discussion were initiated by 
:\Iessrs. Halton, Dwyer, Capt. Linsell, Messrs. 
Beaumont, Bolton and the Vice-Chairman, and 
the last mentioned thanked Mr. \V. L. Taylor 
in the name of the audience. 

At the final meeting of the r926-27 Session, 
\vhich took place on the 27th April, Mr. P. J. 
Campbell lectured on '' Power Plant, Accept­
ance Testing." The paper covered the tests 
applied to apparatus, machines, oil engines, and 
secondary cells installed in tel�phone exchanges. 

The voltmeters, ammeters, watt-hour meters, 
circuit breakers and motor starters were in turn 
d·escribed and the precautions \\·hich should he 
taken in using those instruments were given in 
some detail. 

D ,C. charging motor generators were then 
defined and the standard tests explained, the 
influence of temperature being specially ex­
amined. 

Two types of ringing machines and direct 
l'Uupled oil engi1ws and generators next re­
ceived attention and the paper ended with useful 
practical details about secondary cell installa-
tions. 

The 2 1 slides were of great assistance to the 
audience in following a lecture which covered 
sn many different types of apparatus. 

In the discussion Messrs. Atkins, \\'. L. 

Taylor, Capt. Linsell, Messrs. \Vakefield, 
Lines, l\lajor Harris and the Vice-Chairman 
took part and many requests were made for 
copies of the paper to be circulated. The Vice­
Chairman, in the absence of the Chairman, who 
had to leave before the close of the meeting, 
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promised that members wuuld see a cupy of the 
paper and, amid applause, heartily thanked Mr. 
Campbell . 

A.W.L. 

NORTH \\'A.LES CENTRE . 

The sixth and final meeting of the Session 
\\as held at Shrewsbury on 23rd �larch, 1927, 

when Mr . H. \\'. Green read a paper entitled, 
" The protection of the Department's overhead 
plant against contact \\ith puwer circuits ." 

The lecturer first rehearsed the various powers 
under which tramways and light railways are 
erected and described the procedure adopted 
during the passage of Tramway Bills in Parlia-­
ment to ensure that the Postmaster-General's 

BOOK 

'' Questions and Solutions in Telegraphy and 
Telephony.'' 

B \· some mischance the name of the publisher 
of ,; Questions and Solutions," by H .  P. Few, 
was omitted from the review in the July number 
of the Journal. 

The publishers are S .  Rentell & Co., 37c, 
Maiden Lane, vV .C .2. Copies can also be 
obtained direct from �lrs. Few, r 10 Sussex 
Road, \\'est Harrow, l\Iiddx. 

" A utornatic Telephony." fh Charles \V. 

\\'ilman, A.l\1.1.E.E. (Lecturer in Telephony at 
the Coventry Muncipal Technical Institute) . 
Crosb \· Lockwood & Son. 7 /6 net . 

Thi� book should prove very useful tu those 
already experienced in the practice of Automatic 
Telephony, also particularly to beginners and 
students on account of the author's careful 
enunciation of basic principles . The earlier 
chapters deal, amongst other useful matter, with 
Relavs and their time elements, types of 
Swit�hes, and Subscribers' Equipment, the 
latter including a very good description of the 
Dial mechanism. Preselectors, Group and 
Final Selectors are carefully described and their 
relevant functions and Circuit Diagrams ex­
plained in detail. The detached contact diagram 
method is used and the explanations are ex­
tremely lucid and easy to follow . Two very 

rights are safeguarded. He then proceeded tu 
dt:>scrihe the guarding arrangements required hy 
the :\finistry of Trasnport regulations and tu 
t•xhihit slidt>s slHl\\ ing diagrams uf the guard 
\\·ires requin,d for ,·arious \\eights of conductors 

and spacings of wires. The use of insulated 
\\ires for crossings on�r low pressure systems 
\Yas also coyered. The audience numbered Ho 

and a gnod disn1ssion followed the reading of 
the paper . 

The membership uf this centre is 1li5, <ir <)J'j, 
of tht:> t:>ligible staff, and the att'ndances at last 
Session's meetings have lwen between 75 and 
100. The local committee is this _year in tlw 
fortunate position of having a full programme 
of lectures already offered for next Session . 

J .G.K .D. 

REVIEWS. 

readable and informative chapters are devoted 
to Trunking principles and another to Exchange 
Equipment and \\liring . Others describe 
short!\" Private Automatic Exchanges, and 
Private Automatic Branch Exchanges, Party 
Line working and other miscellaneous and 
auxiliary arrangements . 

Later chapters deal with multi-office areas and 
the London Director system, \\ith a brief 
description of the Controller system. In 
addition to the foregoing, much useful informa­
tion in respect <lf the application of general 
principles tu modern practice is given . The 
size of the volume restricts the amount of detai I 
possible, but very effective descriptions are 
achieved. The book is well printed, containing 
223 pages and 76 diagrams and is a useful 
addition to the literature of Automatic Tele-
phony . �r.D .S . 

" The Elements uf Telephone Transmission.·' 
By H. H .  Harrisun, l\1 .1.E .E ., M .I .R .S .E .  
Longmans, Green & Co., Ltd.  i47 pp., 72 
diagrams . s/- net. 

This book is intended as an introduction to 
the subject and has been written for the use of 
elementary students . The division of the book 
into four chapters facilitates logical treatment of 
the subject . The physical and the general 
mathematical aspects of transmission have been 
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dealt with. The preliminary mathematics leaves 
something to be desired and in this respect fulfil­
ment of the av(med objects of the book has not 
been achieved. 

Chapter I. is exclusively mathematical and as 
far as its scope or range is concerned it meets 
the requirements of the succeeding chapters. 
In recrard to the actual presentation, there is 
considerable looseness of expression and at 
times, and apart from typographical errors, 
actual inaccuracv of statement. Such features 
are undesirable i

.
n any text-book; in a book for 

beginners they are 
.
very regrettable. In this 

connection and in view of the concluding remark 
in the preface in regard to the manuscript and 
proofs, it is <liffindt to account for the presence 
of such statements as the following, namely:� 

dy 
" ... if y = x", then - = 2x means that the 

· dx 

increase of y with respect to x" is 2x, or that yin­
creases 2x times as fast as x".'' Or '' . . . the 
curves y = x" and y = 4x" are identical in 
shape ... " 

The chapter on alternating currents, except 

for a few obvious errors, will be found very 

instructi\·e. 
Chapter 1 ll. gives a very clear description of 

the manner in which alternating currents are 
transmitted along wires and this is followed by 
a very <rood explanation of velocity of wave pro­
pagati<;� and of attenuation and \\ave-le1'.gth 
constants. The nature and effects of rel1ect10ns 
from free and closed terminals is also dealt with. 
There would be less obscurity and the value of 
this section would be greatly enhanced if certain 
svmbols (e.g., Z, I, ,\, etc.) were used exclu­
siveh· for certain deli nite quantities, instead of 
assigning different meanings to them in different 
parts of the same chapter. 

Chapter IV. deals, as far as the line is con­
cerned, ,,·ith the transmission conditions met 
with in practice. The various factors contribut­
ina to attenuation are clear!)' explained, as well b 
as the phenomena of cut-off in a coil-loaded line. 
The tables of data relating to \'arious classes of 
actual telephone circuits should be of great value 
to the student. Referring to Table 11 I., the 
value of 5 micro-mhos for G is rather large. The 
same remark applies to the G of the cable circuit 
of Table I., page 69. The practical conditions 
\votdd be more truly represented in this case by 

interchanging the leakances of the 200 lb. cable 
and the 200 lb. open wire. The proof (pp. 129, 
130) of the design rule for loading-coil spacing 
i-; unfortunately very obscure for reasons similar 
to those noticed in Chap. III. 

On the whole the book is good value and it is 
rather a pity that in its present form it requires 
to be read with some discrimination. The text 
is clear! y and fully illustrated, although errors 
appear in both. An index adds to the utility of 
the work. A.M. 

" Electrical Engineering Practice." By J. 
\V. J\leares, C.I.E., F.R.A.S., and R. E. 
Neale, 8. Sc., Hons. (London). Volume II. 
Chapman & Hall, Ltd. 25/- nett. 

This book, which is the second of a series of 
three volumes, contains a large amount of in­
formation on subjects which are of interest and 
importance to the electrical engineer, but which 
up to the present do not appear to have been 
adequately treated in other books on Electrical 
Engineering. 

1\t the present time the question of using 
electricity instead of gas and coal for household 
purposes is exercising the minds of many people 
and in such a consideration this book is likely 
to prow a distinct help. Jt describes the 
essential features of the various popular systems 
of surface and conduit wiring and discusses 
their particular applications and disadvantages. 
In other chapters valuable information is given 
relating to electric lighting fittings and acces­
sories. ,"\ most interesting chapter appears on 
electric heating, in which details of the construc­
tion and operation of all type of domestic heat­
ing appliances and commercial heating systems 
are reviewed. ,\ comparison made between 
electrically heated equipment and similar fuel 
burning apparatus sho\\'S under ,vhat circum­
stances elect rici t \' is a serious rival of fuel for 
heating purposes. 

A large portion of the book is de\'Oted to a 
consideration of the transformation and conver­
sion of electrical energy and although this sub­
ject has been previously dealt with extensive\_,. 
by other authors it will be found well worth 
reading. 

The book is well printed and illustrated, and 
should make a useful addition to the library 0f 
those interested in power Electrical Engineer-
111g. H.C.J. 
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POST OFFICE ENGINEERING DEPARTMENT. 

PROMOTIONS. 

Grnde. 

.\sst. Suptg. Engineer, E. District. 
,\-;st. Suptg. EnginPer, London Dist. 

Ex<'rniin• Engineer , E.-in-C.O. 
Exrcutin· EnginP<'r, E. f)i-;trict. 

Ext·cuti,·0 En�inPer, London District". 
. \ssi-;t ant Engint'Pr, IC. District. 
. -\ssistant Enginerr, E.-in-C.O. 

.\s-;istant EnginPPr, S.\V. District. 

chsi"1ant Enginr<'r, E. District. 
Chid l nsrwc·tor, TPsting Branch. 

Chief Inspector, S. Lanes. District. 
Chief Ins1wctor, S. Mid. District. 

Chief Inspector, E.-in-C.0. 
Chid lnspPctor, E.-in-C.O. 
\:hief lns1wctor, E.-in-C.0. 
Chid Inspector, E.-in-C.O. 
Chief lns1wctor, E.-in-C.O. 

Chief Inspector, Scot. East District. 
ChiPf Inspector , �. \Vales District. 

Chid Insp<'ctor, London District. 
\:hid Inspector, S.\V. District. 

Chief Inspector, S. l\[id. District. 

Chief Inspector, N. I rdancl District. 
Inspector, E.-in-C.O. 

InspPctor, Radio. 
Inspector, Radio. 
Inspector, Radio. 

Inspector, Scot. \Vest District. 
I nspcctor, London District. 
I ns1wctor, London District. 

I nspPctor, S.W. District. 
Inspector, London District. 

Inspector, Scot. West District. 

Inspector, Scot. West District. 
Inspector, Eastf'rn District. 
Insp•·ctor, N. East District. 
Ins1wctor, N. East District. 
I nsp0ctor, London District. 

\\'irelcss Opr., E.-in-C.O. R;idio. 
Triegst., C.T.O. 
Tckgst., C.T.O. 

S.\V. Class I., N.E. District. 
\Vaylem·e Officrr, N.\V. District. 

S. \V . . Cbss I., N. E. District. 
S. \V. Class I., 1\frt. PowPr District. 

S.W. Class I., London District. 
S. \V. Class I., London District. 
S. vV. Class I., Lonclon District. 
S.\V. Class I., London District. 

S.\V. Cbss I., S.\V. District. 
S.\V. Class I, Scot. \VPst District. 
S. \V. Claes T. Srnt. \VPst District. 
S. \\'. Ch•-; I, Scot. \\'est District . 

S.\V. Clas' I., E. District. 
S.W. Clciss I., Rnclio. 

S.\V. Class I., Radio. 
S.W. Class I., Radio. 

Promoted to. 

Suptg. EnginPrr, S.W. District. 
Suptg. Engine<'r, N. \\'ales District. 

.\sst. Staff Engiiwer, E.-in-C.O. 
.\sst. Suptg. Engicwer, E. District. 

Asst. Suptg, Engincrr, London Dist. i 
Executi\·c Engineer, E. District . 

ExecutiYP Enginrrr, E.-in-C.O . 
Ex<'cutive Engineer, S.W. District. 

(in place of Mr. :\. C. Phillips, who 1 

rd used promotion). 
ExPcutiw· EnginPcr, London District. 

Executive Enginf'Pr, E. District. 
Asst. Engineer, Testing Branch. 

Asst. Engineer, S. Lanes. District. 
;\sst. Engineer, S.vVales District. 

Assistant Engineer, E.-in-C.0. 
Assistant Engineer, E.-in-C.O. 
Assistant Engineer, E.-in-C.O. 
Assistant Engineer, E,-in-C.0. 
Assistant Engineer, E.-in-C.O. 

Asst. Engineer, Scot. East District. 
Asst. EnginePr, N.\Vaks Di>trict. 

.'\ssistant Engine<'r, E. District. 
Assistant Engineer, S. W. District. 

Assistant Engineer, S.\V;iks District. 

Asst. Engineer, N. Ireland District. 
Chief Inspector, E.-in-C.O. 

Chief Inspector, Radio. 
Chief I nsprctor, Radio. 
Chief Inspector, Radio. 

Chief InspPctor, Scot. West District. 
Chief Ins[l<'ctor, Lonclon District. 
Chief lns[l<'ctor, London District. 

Chief Inspector, S.W. District. 
Chi<'f Inspector, London District. 

Chid Inspector, Scot. E;ist District. 

Chief Inspector, Scot. East District. 
Chief Inspector, S.1\fid. District. 
Chief Inspector, N.East District. 

Chief Inspector, S. Lanes. District. 
Chief lnsp<'ctor, E.-in-C.O. 

Inspector, St. Albans Radio Station. 
Inspector, St. :\Jh;ins Raclio Station. 
Inspector, St. Albans R;iclio Station. 

Inspector, N.E. District. 
Inspector, N.W. District. 
Inspector, N. E. District. 

Ins[l<'ctor, .\[ct. Power District. 
I nspcctor, I .on don District. 
Inspector, London District. 
Inspector, London District. 
Inspector, London District. 

Inspector, S.\V. District. 
Inspector, Scot. West District. 
Inspector, Scot. \Vest District. 
Inspector, Scot. \Vest District. 

Inspector, Eastnn District. 
Inspector, Roclmin-Bridgwater 

Rciclio Station. 
Inspector, Rugby Radio Station. 
InspPctor, DeYizes Rndio St:ltion. 

235 

Date. 

I-I0-2/ 
7-8-27 

27-6-27 
To lw fixPd 

hiter. 
8-8-27 
8-7-27 
8-7-27 

31-7-27 

To be fixed 
!Mer. 

20-7-27 
4-8-27 

24-7-27 
4-8-27 

27-6-27 
4-8-27 

27-6-27 
8-7-27 

16-8-27 
To l:>f' fixed 

later. 
" 

16-8-27 
To lw fixed 

later. 
" 

5-7-27 
1-3-27 

19-8-27 
4-9-27 

25-6-27 
17-7-27 

2-8-27 
16-8-27 
30-8-27 

To bf' fixNl 
later. 

" 
26-8-27 
28-8-27 

9-7-27 
9-6-27 
9-6-27 
9-6-27 

15-6-27 
18-6-27 
14-7-27 

1-5-27 
J')-4-27 
2-8-27 

28-5-27 
4-5-27 

J J-6-27 
23-3-27 
28-6-27 
20-6-27 
20-6-27 

5-3-27 

JO-I.2-26 
30-3-27 
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Grade. 

S.W. Class I., Radio. 

S.W. Class I., Radio. 
S.W. Class I., Radio. 
S.W. Class I. , Radio. 
S.W. Class I., Radio. 
S.W. Class I. , Radio. 
S.W. Class I., Radio. 

S.W. Class I., Scot. W. District. 
S.W. Class I., Scot. W. District. 

Probationary Inspector, E.-in-C.0. 
Probationary Inspector, E. -in-C.O. 
Probationary Inspector, E.-in-C.O. 
Probationary InspPctor, E. -in-C.O. 

Probationary Inspr., London District 
Probationary Inspr., N.Wa. District. 

Probationary Inspector, E.-in-C.O. 
Probationary Inspr., N .\Va. District. 

Probationary Inspr., S.E. District. 
Probationary Inspr. , N.Wa. District. 

Gracie. 

DEATHS. 

District. 

Northern. 
London. 

TRANSFERS. 

From. 

Promoted to I ---- l 

Inspector, Boclmin-Bridgwater 
Radio Station. 

Inspector, Rugby Radio Station. 
lnsrwnor, Rugby Radio Station. 
Inspector, Rugby Radio Station. 

I nspPctor, N ortholt Radio Station. 
lnsp<>etor, Oxford Radio Station. 

Inspector, Stonehm·en Radio Station. 
1 n s1wctor, Scot. \\'est District. 
InspPctor, Scot. \Vest District. 

Inspector, E.-in-C. O. 
Inspector, E. -in-C. O. 
Inspector, E.-in-C.O. 
Inspector, E.-in-C. O. 

Inspector, London District. 
Inspector, N. \Vales District. 

Inspector, E.-in-C.0. 
In s1 ic·rtor, N. \Vales District. 

Inspector, S.E. District. 
Inspector, N. \Vales District. 

Grade. 

Inspector. 
" 

Transferred. 

To. 
------ - --·-- - ' 

Assistant Engineer. 
Inspect or. 

N .MU:l. District. 
N. Wales District . 

S.E. District. 
E. District. 

REVERSIUN. 

Fron1. 

A,.;st. Engi1wer, S.Wak,.; District. 

c>;PC. Engine<'r, Sn11th Enst District. 

RETIREMENTS. 

District. 

N. Wales. 
Testing Branch. 

Scotlctnd East. 
London. 
London. 

Northern. 
South \Vest. 
South East. 

To. 

Chief Inspector 
S. Mid. District. 
Assistant Engineer 
South West District 

Grade. 

Supf>rintPndinf!' EnginPPr. 
.\"istnnt Engineer. 

, , 
Ch id I n,.;pPctor. 

Date. 

12-3-27 

3-7-20 
6-3-20 

27-2-26 
28-3-27 
16-7-27 
12-6-26 
23-3-27 
22-8-27 

1-9-27 
,, 

" 

,, 

" 

" 

,, 

" 

" 

" 

Date . 

30-6-27 
14-8-27 

Date. 

Date. 

3 1-7-27 
19-7-27 
4.8-27 

30-6-27 
31-7-27 

9-6-27 
10-6-27 
30-6-27 
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CLERICAL ESTABLISHMENT. 

TRANSFERS. 

Name. Grade. From. To. Date. 

Adams, H. G. 11.C.O. N.W. District. I re land N. District. 22-6-27 

PROMOTION 

Name. Grade. Promoted to Date. 

[)pan, W. H. c.o. H.C.O. l .ondon. 12-8-27 

OTHER CHANGES. 

Name. 

Parish, G. J.  
Salter, E. J. 

I 
I ____ 

I 
__ _ 

. . . 
I . .. 

Grade. 

H.C.0. 
,, 

BOARD OF EDITORS. 
B. 0. ANSON, M.I. E.E., Chairman. 

E. H. SHAUGHNESSY, O.B.E., M.I.E.E., M.I.R.E. 
Lieut.-Col. A. C. BoOTH, M.I.E.E. 
J. W. ATKINSON, M. l .E.E. 
P. G. HAY, F.S.I., M.I.E.E. 
H. LONGLEY. 

W. CRUICKSHANK, M. I. E.E., Managing Editor. 
J. J. McK1c11AN, O. B. E., M.T.E.E., Assistant Editor. 

COMMUNICATIONS. 
All Remittances and Communications should b€ addressed 

to the MANAGING EDITOR, P.O.E.E. JOURNAL, Engineer-in­
Chief's Office, Alder HouS€, London, E.C. 1. 

Binding covers and copies of the Contents for Vol. 3 to 19 
are available, and may he obtained from the local agents for 
is. 6d. and 3d. respectively. Subscribers can have their copies 
of Vol. 19 bound, with index included, at a cost of 3s. by 
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Thb phocograph was taken out­
side Sc. Paul's Cathedral on July 
22nd at the conclusion of the 
London - Amersham Telephone 
Cable concracc. The drum con­
tains lead covered telephone 
cable and the " optimistic •· 

vouth who came into the picture 
quite 

' 
by accident. certainly 

appears co be after something 
good-good cables-

xi 

HENLEY 
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'-����------������-

·'· 
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