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T
HIS year is a notable one in the history 

of electrical engineering, inasmuch as it 
marks the centenary of the discovery of 

electro-magnetic induction-one of the greatest 
events in the annals of science. This momen
tous discovery was made by Michael Faraday on 
August 29th, 1831, after years of patient re
search in the laboratory of the Royal Institution 
in Albemarle Street, London. 

It may be said of Faraday that he is one of 
the great figures in history, one of a small and 
select company of philosophers who have con- . 
tributed much for the benefit of mankind. 
Faraday's epoch-making· discoveries in chemistry 
and electricitv form the basis of manifold 
applications of science in the modern world. 
Electric lighting and power, telegraphy, tele
phony and radio on 1 he electrical side, trace their 
development from his fundamental discoveries. 

There \Vas an amazing and diversified genius 
in �Iichael Faraday. .:\Iany examples could be 
quoted in support of this statement in the realms 
of Chemistry, Optics, and Magnetism. Space 
will not permit of more than a passing reference 
to two of these. He succeeded in separating the 
solvent known as Benzine or Benzol, which is 
now the basis of a great industry. His funda
mental research work in alloying iron with 
minute quantities of nickel, silver, and platinum, 
pointed the way to the discovery of stainless 
steel. 

Faraday spent 50 years of his life in the service 
of the Royal Institution, which was founded in 
1800 for the advancement of natural knowledge. 
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In general, the objects of the Royal Institution 
are to prosecute scientific and literary research, 
to illustrate and diffuse the principles of induc
tive and experimental science, to give oppor
tunities for social intercourse among those who 
are attached to science, and to afford them the 
means of collective and individual study. It is 
fitting in every way therefore that the " Royal " 
should take the lead, and be seconded by the 
Institution of Electrical Engineers, in arranging 
a series of centenary celebrations in London, 
which will do honour to the work of an English
man whose memory is held in love and respect 
in every part of the world . 

. Michael Faraday started life from humble 
beginnings; he was born in Newington Butts in 
1791, the son of a blacksmith. He became an 
errand boy at a newspaper shop at the age of 
13 and a year later was apprenticed to a book
binder in Blandford Street, l\Iarylebone. The 
bookbinder's shop stood near the rear of Hert
ford House, l\fanchester Square, the home of the 
famous \Vall ace Collection. A tablet on the 
wall of the shop records the fact that Faraday 
worked there for nine vears. 

Scientific books which came into his hands for 
binding purposes gave him opportunities to 
increase his store of knowledge. He bound 
books as a duty, he read them as a joy. It has 
been recorded by Magrath, Secretary of the 
Athan<eum, that, entering the bookbinder's shop 
on one occasion, J1e found one of the young 
apprentices absorbed in the study of a book 
when he ought to have been binding it. The 
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two entered into conversation and Magrath was 
astonished to find that he was speaking with " a 
self-taught chemist of no slender proportions.'' 

Faraday as a youth was particularly interested 
in chemistry and electricity and all the books on 
the�e subjects that came into his hands, whether 
for binding or as loans from friends, or finally, 
as purchases from his own slender means, were 
studied with the deepest interest and also made 
the basis of careful notes. 

At this period in his life, he wrote to one of 
his friends '' 1 loved to read tli!� scientific books 
which were u

'
nder my hand, . . . .  I made simple 

experiments in chemistry as could be defrayed 
in their expense by a few pence per week and 
also constructed an electrical machine, first with 

a glass phial and aft erwards willi a rt>al c\"linder, 
as well as other electric<Jl a pp;1 r:1 t us of a corre
sponding kind." 

In 1812 Faraday was ahlf'. by borrowing a 

shilling from his hrotlwr,-a plumber-to attend 
on!' of Sir Humphre�· Da,·:-'s lectures at the 
Royal Institution. This and the succeeding 
lectures made a great impression on Faraday's 
mind ;-he compiled careful notes, made a fair 
copy and bound tlw beautifully written pages 
into a volume which he sent to Davy . This 
book is now in the Royal Institution and is one 
of its most cherished possessions. Faraday was 
lire<l with a desire to become a scientific assistant 
and the sending of his notes to Davy was accom
panied by a request that some form of employ-
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ment might be found for him. Bv a fortunate 
rircumstanc(', both to Faraday and- to the \\orld 
in general, a vacann· occurred which enabled 
thP youth to he emplo}·ed as a laboratory st>rvant 
at tht• Royal Institution at a weekly wage of 
25/-, the position also including two rooms in 
the Institution buildin g. This -was the begin
ning of Faraday ' s career as a philosopher and 
scientist and, in tlu� quiet laboratories in :\ lbe
marle Street, he helped Davy to continue his 
investigations in chemistry. 

Through the courtesv 
-
of the offi cers of the 

Royal Institution, pern;ission has been given to 
tlte \Hiter to reproduce sen·ral inten·sting 
pictures bearing direclly 011 Faraday and Iii�; 
work. Fig. I is a vi<'\\' of till· inll'riur of the 
Institution laborator_,. ;is it ap peared in 1816, 
from a dra \ \' ing by \\'. Titt·. It will be noticed 
that the room is very sparsely equipped and the 
arrangemen t of the bellows and furnace 1s 
reminiscent of the blacksmith's forge. 

l•'fc;. 2. FAl{.�IJ.\\ JS tSJt. 

hc•lll .1 pai11ti11g i>y 11. \\'. l'i< kPr,,gill, [,: .. \, 

Fig. 2 is a reproduction of a painting bv H. 
\V. Pickersgill, R.A., of Fara<lay as he a pp�ared 
in 1831, the year which probably marke<l the 
zenith of his career as a discoverer. 

Fig. 3 is a copr of ;m actual photograph from 
life, taken when Fara<l<ff was about 60 Years old. 

There is a special interest associate(i with the 
picture of one of the J uvenile Christmas lectures 
in December, 1855. painted by AIPxander 
Blaikley, Fig. 4. This sl1t•\\S \I i�hael Faraday 
kC'turing on 11 The \I dais." The Prince 
Consort is in the chair and the Prince of \\'ales, 
(the late King Ed \\ard \'II.) is sitting on the 
left side of his father, \\ ith Prince Alfr<'<l (Duke 
of Edinburgh) on tlw right. :\mong the young 
people present at this ll'ctun· \\·as :\lfred Yarrow, 
no w Sir Alfrl'd Yarro\\·, tlw famous shipbuilder, 
\\'ho, tugether \\ith Sir J;1nws Crichtr1n-Brnw1w, 

;ire probably till' last rernaining· links \\ith tl1;1t 
historic nweting. Sir .\lfrl"cl, in ;1n intt·rview 
granted to the writr·r of tlwse notes , states that 
as a hoy of 13 he attt·ncled the J uYenile lectures 
and was present on the occasion \\'hen the Prince 
( 'unsurt was in tlH• chair. .\ftrr each of the 
lecttirl's, Faraday usuall�- in \'itf'u a number of 
the boys to join him in tlw laboratory, where he 
would carry out experiments and gi\'e demon
strations for tlw benefit of the youngsters, and 
also allow the boys to share in the general del i ght 
of <'Xp('rimcntal \\ork . .  \lfred Y;1rro\\· ;1tll·1Hl1·d 
these and other l1·ctures ;1t thf' R11 \·;d Institution 
during· a 1wriud of tt·n _"l'ars and had many 
opportunitit•s of n1m·prsi11g \\ith tl1P t•rnincnt 
I Jh i lusopher. 

The Post ( )flfre l1as ;1n ;1sso\iation with 
\lickwl Fara<l;n-'s lift· \\·hich ma \- also lw re
garded as unique in Sf'n·icc annals. It is true 
that tlw link was forg·e<l original!�- by colleagues 
in the :\'at ion al Telephone Company, prior to 
tlw transfer of that undertaking to the State . 

Tiu� link remains to this dav as a memorial and 
is a source of S])('C ial pride to members of the 
t'lectrical engineering profession. In 189tJ, the 
N.T. Coy. purchasc<l a building in Barnsbury 
\Yhich had hitherto been used as a place of 
\vorship and, in due cour se , the building became 
known as the North telephorn· exchange. In 
Sylvan us Thompson's admirably wri tten 11 Life 
of Faraday " there is a reference to a Sande
man ian Meeting House in North London which 
Faraday attended. Careful investigations were 
made and it was ascertained beyond doubt that 
the North exchange and the old chapel were one 
and the same building. One of the trustees of 
the chapel was also able to supply information 
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From a painting by Alexander Blaikley. 

concerning Faraday's seat on the platform whilst 
serving as an Elder, also the position of his pew 
in the boch· of the hall. 
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Young Alfred Yarrow lived at that time in 
,\rundf'I Square, Barnsbury, within a stone's 
throw of thf' chapel. Faraday was one of 
Y.irrow's IH'rof's and it was customary for he 
and a boy frif'ncl to way-lay Professor and Mrs. 
Fnraday as thf'y were walking to chapel along 
the Caleclonian Road, doff their caps and say 
" Good �1fternoon, Professor." Faraday had 
always a kind!�· word for the boys. Not content 
with one greeting, the boys would then find 
thf'ir way to the chapel by another route and 
repeat the salutation! Yarrow and his friend 
:tttendecl servic<· on several occasions and heard 
the Profrssor read the portion from the Scrip-

FIG. 5.-FARADAY MEMORIAL TABLET FITTED IN WALL OF 
SwrTCHROOM OF NORTH TELEPHONE EXCHANGE, LONDON. 
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t mes or give the short address. The order of 
service was very similar to tlwt conducted by tlw 
Society of Friends. 

To mark the association of the North exchange 
building with :Michael Faraday, the staff of the 
National Telephone Company subscribed to a 
fund for thr provision of a memorial. This 
consists of a bronze plate fitted into the wall, 
also a small octagonal bronze plate fixed on the 
floor. The first marks the position Faraday 
occupied when on the platform, and the latter, 
which bears the initials " M.F.," the position 
of his pew. The memorial was unveiled by 
Lord Kelvin on Saturday, 2.+th November, 1906, 
in the presence of a distinguished and repre
sentative company. A full account of the pro
ceedings is published in the National Telephone 
Journal for January, 1907. The event has 
historical interest, not only because of the 
honour paid to a great man by other eminent 
scientists and engfoeers, but because relatives 
of the Faraday family were present. An illus
tration of the memorial tablPt is shewn in Fig. 5, 
whilst a photograph of the group attending the 
unveiling ceremony is shewn in Fig. 6. A key 
giving the names in the group accompanies 
Fig. 6, but even without this guide it is easy to 
pick out faces that are recognizable and well 
kno\vn, even after the passage of a quarter of a 
century! 

As an indication of Sir Alfred Yarrow's great 
regard for Michael Faraday, it is of interest to 

record that the commemorative tablets at the 
:--Jorth PxchangP arp bring· reproducf'd in bronze 
and will be prest�nted to tlw Council of the Royal 
Institution. 

Sir \Villiam Brag·g· who, as Fullerian Pro
fessor of Chemistry at the Royal Institution, and 
Director of the DaYv-Faraday Research Labora
tory, holds two of the posts which Michael 
Faraday once Jilled, l i a s , in a recent address, 
expressed in eloquPnt language the debt we owe 
to the grt><lt expPrimPntal philosopher:-

" It is Faraday's public life that belongs to us: 
it is one of the possessions of the nation, one of the 
great treasures. It is not only that his work has 
had such far-reaching consequences that all the 
world is affected by what he did, not only that 
he made plain the intricate connection between 
rlectricity and magnetism so that we are in daily 
dependence upon these foroes of Nature for the 
transfer of power and intelligence; it is not only 
that on his discoveries are now resting great British 
industries which are alive and are helping us 
through these difficult times. All these things are 
marvels so that we are proud of our famous country
man. But we all love the man himself for his 
simplicity of faith and purpose, for the breadth of 
his vision and the humility of his thought, for his 
kindly generosity and for the light which he shed 
around him. He thought first of the quality of that 
which he gave, and only in the second place of that 
which he received in return. Could there be a nobler 
leading? Could there be any following more certain 
to bring us through times of depression and doubt 
to a triumphant ending? " 

ANDREW GIRRON. 

AN ALL-MAINS TELEPRINTER DUPLEX SET. 

Capt. A. ARNOLD and A. E. DENMAN. 

M
OST readers will be familiar with the 

'' All-Mains '' wireless set. The main 
feature of such set is that the whole of 

the power required for the operation of the set 
is switched on or off by means of a single switch. 
This article describes a Teleprinter Duplex Set, 
developed by the Post Office Research Section, 
for which the power required for the Teleprinter 
motor, the line circuit, local circuit and auxiliary 
circuit is derived from the public alternating 
current mains and all batteries are eliminated. 

The alternating current from the mains must 
of rnurse be rectifipd nnd the introduction of the 
copper-oxide metal rPctifier has provided a very 
suitable means. The use of these rectifiers has 
already become so genrral for radio work and the 
important and exacting work of railway signal
ling that it· is not considered necessary to deal 
here with the interesting but lengthv subject of 
the characteristics of this type of rectifier. 

The power-supply requirements of a Tele
printer duplex circuit mav be divided into two 
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parts: (1) the power for driving the motor, 
( 2) the power for line, local and auxiliary 
circuits. 

The rectifier unit used was manufactured by 
the \Vestinghouse Brake and Saxby Signal Co., 
Ltd., to a specification designed. to meet certain 
requirements indicated by pndiminary experi
ments. The unit has a rated output of 1 IO volts, 
0.75 ampere (D.C. mean). A schematic diagram 
of the unit is shown in Fig. 1. Alternating current 
is supplied to the unit via the transformer. The 
rectifying elements are arranged in the Gratz 
bridge manner and each element, made in the 
form of a washer 1 � inches in diameter, has a 
cooling fin. Since the voltages of the public 
supplies differ throughout the country, the turns 
ratio of the primary and secondary windings of 
the transformer must be such as to give a fixed 
voltage across the secondary winding on normal 
load, whatever the mains voltage may be. A 
secondary voltage of 153 has been fixed in the 
present case. Two tvpes of unit are made, one 
for 100-120 v. mains and the other for 200-240 v. 
mains, with tappings on the primary windings 
of the transformers to provide for adjustment 
within the ranges. The output voltage and 
current values of a typical unit are shown in 
Fig. 2. ]\fore detailed values are shown in the 
following table for an output range of from 100 

A.C. Input. 

Pri111ary. 

\! 
II 

---- 1 

Secondary. 
; \"nits 

Current 
-· - -- 1--

Currcnt 
mAcS. 

Volts 
Vp 

220 

" 
" 

tnAIS. ,1· 
Cp 

140 
170 
205 
245 
275 
JIO 
345 
380 
401.5 
490 

Volts 
Vs 

Cs 

----- 1 
145 
2!0 
265 
320 
375 
437 
480 
550 
610 
75° 

I 
I 

(mean) 
\"o 

(5) 

I 17 
I 16 
114 
113 
I 12 
III 
rn9.5 
!09 
rn7.5 
rn5.5 

to 6oo milliamperes (D.C. mean), the circuit of 
Fig. 3 referring. The schematic diagram of a 

tT4 
IT.30---�r"1 
1T.20----nl 1T10-----o1r>I 

I 
I 

AC 
input 

I 

Ce fre 
Ti f.> 

l,AMP 

TO 'f'Et.E.qRAPH 
CtA.CUIT� 

FIG. 1.-RECTJFIER lTNIT. 

Teleprinter JA motor circuit is shown in Fig. 4. 
The initial current at starting is much greater 
than the normal running current. \Vhen 
rectifiers are used the initial current is not so 

D.C. Output. 

Current (m.a. 's) 

l\Iean 
Co 

(6) 

IOO 
150 
200 
250 
300 
350 
400 
450 
500 
600 

R.\l.S. 
Co 

(7) 

I 12.5 
170 
240 
300 
345 
420 
480 
550 
6IO 
750 

Ratio 

7 

6 

I. I 2_1 
J. 133 
J.2 
J.2 
I. I 5 
1.2 
1.2 
I.22 
J.2 

Ra tic. 

4 

7 

(9) 

1.28 
1.2J 
1. I 
1.060 
1.08 
1.04 
•.o 
1.0 
1.0 
J.(l 

great as with secondary cell supply because the 
internal resistance of the rectifiers enters into the 
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FIG. 2.-0UTPUT VOLTAGE AKD CtTRREKT FROM A 

TYPICAL UNIT. 

circuit. In the case of the Teleprinter No. JA 
the starting current on switching on is about 
five amperes with secondary cells, and about 
three amperes with rectifiers. The motor attains 
its normal speed almost instantly in the 
secondary cell supply case, but not in the 
rectifier case. However, with a transformer 
secondary voltage of r 5J volts and the field 
circuit resistance A, Fig. 4, not greater than 
250 ohms, no difficulty is experienced in cold 
weather, after the machine has been stopped 
for r2 hours, in obtaining normal speed within 
4 seconds of switching on. \Vith the same 
conditions regarding secondary voltage and 
field circuit resistance, no difficulty is found in 
adjusting the motor to the standard speed with
in the range of adjustment of the governor, and 
the teleprinters are interchangeable on the same 
unit, on different units, and on circuits clriven 
from secondary cell supplies, without readjust
ment of speed. 

+ 
I 
I 

A1C. 
M�INS 

I Vp 
I 
I 
I 
I 
'------+-----� 

FIG. 3.-C!RCUIT OF FIG. 2. 

:\characteristic in connection with the driving 
of a shunt-\\'ound motor from the rectifit'r is that 
the nilrag·t· across the output terminals is con
siderably gTentPr than \\'ith an equivalent pure 
resistance load . The motor is a r ro v. D.C. 
motor and takes a current of from 0;4 to o.6 
amperes. The D.C. mean voltage output of the 
recti !i.er for o . .) amperes, on a pure resistance 
load, is shown in Fig. 2 to be IOj.5 volts. The 
D.C. mean voltage af'.ross the rectifier output 
terminals with the motor running is about IJO 
nJlts. This may lead to some confusion in 
practice and so a ro 11F condenser is connected 
across the output terminals. This reduces the 
voltage to II5 v. approximately. Thts con
denser has other advantag·es described later. A 

Field 

Hains 3 

2 

/OOO ohms 
St<12.lefon Dio9ram 
of Hofor Cormecl1ori.:;; 

forl!Ov DC. 

Governor 
Adjusfmq 
ScNilw 

Fr<;. 4.--TEI.EPJ<I"iTrn No. 3.1, SJ<EJ.ETOK [)r.\c;Jn�r. 

further point of interPst is that if there be any 
unsteadiness in the speed of the motor when 
supplied from secondary cells the speed is much 
steadier when driwn from the rectified supply. 
This may be seen very easily if a tachometer be 
used for measuring the speed. It may be added 
that the use of a tachometer for testing and 
checking Teleprinter motor speeds is a very 
ready and reliable means. The speeds of the 
various spindles in a Tt'leprinter JA are shown 
in Fig. 5. Further, if a slot or hole be made in 
the cover opposite the centre of the governor 
disc, the speed may be checked without opening 
up the machine and removing the message tray, 
etc. 

· If the above conditions regarding the resist
ance in the field circuit is observed, the mains 
voltage in a certain typical case was varied from 
200 v. to 2JO v. without any change in the speeds 
of six machines. The legal requirements im
posed on Supply Undertakings ensure that these 
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30Teeth 
\ Transmitting se/ecling 

Mechanism Spindle, 
Speed 392R.PM . .-----;:,.: 

.____.:;r 

Motor. 

Gouernor � 

28Tee!h. 

Casin<J. �-� 

Speed 2 5 20 RP/'1. 

Frr.. 5.-SPEEOS OF J\fAI� SPINDLES, 

variations will normally be within small limits 
and a variation of 5 % from a mean value is the 
maximum observt>d during trials at various 
offices. 

The motors do not heat up more on rectified 
A.C. supply than with D.C. supply and no 
difference in commutator sparking is seen. 

\Vhere the public mains supply is A.C. it has 
been decided to use rectifiers and D.C. motors, 
the advantages being : -

(1) A.C. motors require considerable main
tenance and in some cases are totally 
unsatisfactory. 

(2) Considerable economy due to standardi
sation of one type of D.C. motor for all 
machines. This is a very important 
factor. 

Supply of Line and Local Curre nts.-The 
maximum voltage available is that across the 
output terminals when the motor is running. 
To provide for double current working two 
equal voltages art> obtained for the rectifier by 

the method, patented by JVl r. Stevens, of the 
\Vestinghouse, Brake and Saxby Signal Co. 
This method is shown in Fig. l and will be seen 
to consist of using the Griitz Bridge and taking 
a tapping from the centre points of the trans
former secondary. It will be seen that the volt
age obtained will be half the full voltage across 
the output terminals. 

TVai1e form of output currcnt.-The wave 
form of the output current of copper oxide 
rectifiers is nearly a perfectly rectified input 
wave, neglecting any distortion of wave form 
due to the presence of the rectifiers. The result
ing rectified wave form from a sine wave input 
is therefore a pulsating, unidirectional wave, 
having· a number of loops or phases equal to 
twice the frequency of the input wave. It can 
be shown by analysis that such a pulsating wave 
may be made up from the following components: 

(1) A steady current of 63.6% of the 
maximum value. 

(2) A sinusoidal wave of frequency 2f and 
amplitude equal to 42 .4 % of the maxi
mum value. 

(3) A sinusoidal wave of frequency 4f and 
amplitude equal to 8.5% of the maxi
mum value. 

(4) A sinusoidal wave of frequency 6f and 
amplitude 3.6% of the maximum value. 

\Vhere f is the frequency of the input sine wave. 
The component frequencies higher than 6f have 
such small amplitudes that for the present case 
they may be neglected. In the present case the 
output wave is also affected to some extent by 
the motor circuit. 

It is desirable to smooth such an output 
current for the following reasons:-

(1) Liability of causing interference in 
neighbouring telegraph and telephone 
circuits. 

(2) \Vith unsmoothed current, there is a 
liability to experience difficulty in 
obtaining a telegraph duplex balance. 
This would be increased if the supply 
frequencies at the terminals were 
different. 

(3) A pulsating line current would be un
suitable for " G " relay reception. 

The desirable features of a smoothing circuit 
for a duplex circuit are:-

( 1) Minimum D.C. resistance. 
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(2) Absence of disturbing effect on the 
duplex balance. 

(J) Economy in apparatus and space. 
(4) Minimum reduction in the telegraph 

transmission efficiencv of the circuit. 
Various types of smoothing circuits have been 

tried, each possessing Cf'ftain advantages. The 
required smoothing is obtained, with the least 
cost and amount of apparatus, if the filter he 
made so that the higher frequencies are 
eliminated and the remaining ripple reduced 
in magnitude as far a possible with a reasonablP 
amount of apparatus consistent with the retention 
of good telegraph transmission. An important 
consideration is that in most cases in practice a 
smoother (or filter) would be inserted in the 
telegraph circuit to reduce or eliminate inter
ference in adjacent circuits, and also a spark 
quenching device. If such a filter and spark 
quench circuit were provided, in addition to the 
rectifier and smoother, a considerable amount of 
apparatus would be needed. It appears desir
able therefore to combine in the apparatus 
necessary for smoothing the rectifier supply, the 
functions of-

( r) A smoother for thP rPctified current. 
(2) A line filter. 
(3) Spark quench circuits. 

Thf' type of smoother adopted and the manner 
in which it is inserted in the telegraph circuit is 
shown in Fig. 6. The inductance coil has a 
D.C. resistance of 20 ohms and an inductance 
of 2 Henrys. 

This was tested in underground circuits for 
interference on adjacent telephone and telegraph 
circuits under conditions much more severe than 
would arise in practice and was found very 
satisfactory. 

Local Circuits.-No smoothing is required for 
the local current, whether the Teleprinter relay 
coil or the Sounder is in circuit. To ensure safe 
operation of the Teleprinter relay under all con
ditions, however, it is desirable to use " E " 
type relay coils (roo + 100 ohms resistance, 6 H. 
inductance) with one magnet instead of the 
" C " type coils (25 + 25 ohms, 2 H.) because 
of the greater magnetic effect and the smoothing 
effect of the higher inductance. 

Auxiliary Circuit.-vVhere a " G " relay is 
used as a line relay, it is necessary to ensure an 
adequate degree of smoothing through the 

Line RelayCoils 

Compcnsot/on Circuit 

To L1ne Circuit 

FIG 3. 
o.f'"1F. 

0 

To Ref urn Lt?ad from 
Line Circuit 

Fw. 6.-SM00T11ER :\RR.\:\nEME:\T. 

auxiliary circuit. This is very conveniently 
achieved without any Pxtra apparatus hy arrang
ing the circuit as shown in Fig·. 7. It will be 
seen that the Teleprinter relay coils and the 
condenser F form an effective filter for current 
into the coils of the " G " relay. The con
denser usually placed in the hase of the Tele
printer inachine and conm•cted in parallel with 
the relay coils is omitted. In some cases the 
resistance E could be omitted, but it is used 
to ensure a satisfactory minimum operating 
current for the Teleprinter relay and render its 
operation independent of any '' G "' auxiliary 
circuit adjustments. 

At duplex it will be understood that the trans
mitter tongue may make contact either with the 
same pole, or with the opposite pole, as that 
with which the line receiving relay tongue is in 
contact. If the line receiving relay be held on 
one contact and the transmitter tongue moved 
from one pole to the other, a change in the 
value of the current in the local circuit is 
observed, viz., from 20 mA to 24 mA. Or, if 
under the same conditions a voltmeter be con
nected across either terminal of the D.C. output 
of the rectifier and its centre point, a change in 
voltage from 57 v. to 64 v. is observed. Even 
under working conditions understood to be 
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<:>xacting·, this changt' did not affect operating. 
This effect can, hmvever, b<:> reduced to a" kick" 
only of l .o milliampere by connecting a con
denser of suitable capacity across the output 
terminals of tlw rectifier. A condenser 4 uF is 
usually sufficient for this purpose, but in

. 
most 

cases this causes another variation. vVithout a 
condenser across the output terminals of the 
rectifier, and the motor running, the mean D.C. 
output volts may be between 120 v. and 130 v., 
according to the machine in use. \Vhen the 
receiver is printing, this voltage rises about 3% 
or 4 % . If a condenser of 4 µ F be connected 
across thP output terminals, the total voltage is 
reduced by 1 5 or 20 volts, but in most cases rises 
by the same amount when the receiver prints. 
If, however, the capacity of the condenser be 
increased to 8 or ro 1� F, this large increase on 
printing is n'dttced to about 3% in all cases and 

the D.C. output voltage of the rectifier corre
sponds very nearly to the normal output voltage 
with a pure resistance load taking a similar 
value of current to that taken by the motor. 
Tlwre is a certain optimum value for the con
dens<:>r across the rectifier output terminals in 
order to reduce the interaction between line and 
local circuits to a minimum. This value depends 
on the characteristics of the line circuit in use, 
but has been between 8 11F and ro µFin all cases 
observed and a value of ro µ F has been fixed. 

\Vhen the motor is not running, the circuit 
conditions are altert>d, but not sufficiently to 
interfere with kf�y duplex. Since, however, the 
normal condition of the circuit is with the motor 
running, no attempt is nrnd<:> to balance except 
when the motor is running. Balancing is 
effected with the relevant switches to " -:\Iorse " 
and to " Sounder " and either to " Resistance " 
at the distant end or to currents or to both in 
turn, exactly as with all ordinary duplex circuits. 
The battery " Resistance " value, obtained by 
adjusting it until the balance to currents was the 
same as the balance to '' Resistance,'' was 60 
ohms. 

Previous reference has been made to variations 
in mains supply: it is only nec<:>ssary to add that 
the change in the output voltage of the rectifier 
is proportional to the change in the mains volt
age and that sine� tlw voltages in this case are 
obtained by connection to the centre of the total 
voltage output, bias cannot arise due to unequal 
voltages even if the 111ains voltage does vary. 

The fuses providt>d are a 3 amps (R.C.) in 
each of the leads from the positive and negative 
output terminals, for the protection of the leads 
to the motor circuit, and a l amp (R.C.) fuse in 
the centre lead for the protection of the telegraph 
apparatus and leads. Another fuse, l amp 
(R.C.), is provided for the protection of the 
motor. By means of a " Twinob " switch, this 
latter fuse is short-circuited as long as the switch 
is held do\vn and automatically inserted in the 
motor circuits when the switch is released. Thus 
if the Tlh'tor starts up normally and the switch 
is held down as specified for three seconds before 
being released, the fuse will not be blown by the 
starting current. Should the motor not have 
started up when the Twinob switch is released, 
or should the motor stop after running for a 
time, the current through the armature will blow 
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the fuse. The normal running current is not 
sufficient to blow the fuse. The circuit is shown 
in Fig. 1. 

Trials.-The circuit arrangements are shown, 
Fig. 8 and Fig. 9, according as the line relay is a 
Standard" B " or a Standard" G " relay. In 
order to test the capabilities of the circuit a test 
was made bet\Yeen London and Leeds ... The 
London (C.T.0.)-Leeds No. I circuit \Yas taken 
<wer. This circuit is a 197 mile, U.G. 40-lb. 
metallic loop, having a D.C. resistance 8700 
ohms. Xormally. it works with " G " relay 
reception, line voltages of r 20 volts at each end, 
local voltages of 80 volts supplied from secondary 
cells, and D.C. motor voltage of I ro volts. This 
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circuit \\as worked in full duplex traffic for a 
,,.<�ek ,,·ith the rt'ctifier supply sets at each end, 
lhe local and li1•<, Yollages being 58 volts and the 
motor voltag·e double. The circuit functioned 
perfectly, the Lt�t>cls set being under " rack 
mounting " conditions ,,-ith the Teleprinter 
remotl' from the n·maind<'r of tl1<' apparatus, and 
the line rela_,. \\as not ;1djusted or cl<·an<'d durini�· 
the \\holt� \\eek. This performance would 
appear to demonstrate the utilitv of such an 
arrang·ement. The power takr�n from the public 
mains supply, ,,-ith all circuits connected, is 
approximatt'ly r 10 watts only. Thus, not only 
is the first cost of such a unit small compared 
wilh normal battery instalbtion, but the running 
costs are also negligible. 



110 

INTRODUCTION OF AUTOMATIC TELEPHONE SYSTEM 

AT BIRMINGHAM. 

T
HE initial stage in the conversion of 

Birmingham's telephone system to auto
matic working was completed at 2 p.m. 

on the 7th March, 1931, when the first three 
exchanges were brought into use. 

Particulars of the new exchanges are given 
below:-

Name of No. of 
Exchange. Subscribers. 

Northern 2,797 
Victoria I 

,{i5 
Harborne 684 

l\1 ultiplc capacity. 
Initial. Ultimate. 

5,500 10,000 
3,IOO 7,200 
1,300 .J,000 

These exchanges are of the Director type, 
similar to those already in service in London and 
Manchester. The whole of the equipment, in
cluding that provided for the auto manual 
services located in the l\Iidland Exchange build
ing, was manufactured and installed by l\lessrs. 
The General Electric Co., Ltd. 

The Birmingham telephone area, like that of 
Manchester, includes all exchanges within a 
radius of 7 miles from the centre, measured in 
this case from the Cathedral. 

Fig. 1 shows the proposed locations of the 39 
exchanges which are to serve this area. 

Under the present programme the whole work 
of conversion has been projected over a period 
of about 10 years, but it is anticipated that at 
least 30 automatic exchanges will be brought into 
service during· the next three years. 

Call indicator positions have been installed by 
Messrs. The Automatic Telephone Manufactur
ing Co., Ltd., at certain manual exchanges in 
the area. 

As the trunking arrangements for the Binning
ham nrea and the gener�tl features of the equip
ment are almost identical in character with those 
described in an article by L. F. Morice, relating 
to the Manchester telephone system, published 
in the July, 1<)30, issue of this Journal, it is un
necessary to give further details on this occasion. 

Fig. 2 is a photograph of the auto manual 
switchboard and Fig. 3 Tandem, First Selectors, 
Routiner and Relay Racks. These photographs 
were kindly supplied by Messrs. The General 
Electric Co., Ltd. 

A.H.B. 
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ACORN EXCHANGE. 

PR<>CRESSl\'E l:\ST.\LLYrION OF THE NEW S'L\NDARD OPEN TYPE 
RACKS AND SHELVES. 

B. Holl(;ffTON BROWN, 

E11gi11rrri11g l)jyj,ion, Standard Tt'lcphunt'' and Cabk,, Limil!'d. 

T

HIS artic11· forms the second of the series 
d<'aling· with the progressive installation 
of .\c()rn Exchange , and is written to 

report progress since tire April issue of this 
J uu rnal. 

It will be recollected that tire Exchange under 
review is being· installed on a progressive 
sequence or picce-nwal basis, consisting of tlrreC' 
distinct opera! ions: 

(1) The shipping· and erecting of the racks 
nnd fratn{'\\·orks, and lhe running of 
the cables. 

(2) The shipping and erPcting· of the shelves . 

(3) The shipping of, and placing in position 
of the apparatus. 

The previous article concluded with a series of 
photographs showing lhe rack frameworks 
erected and tire cables run in position, and we 
will nm,· deal "·ith the next stage con�ring the 
shipping. erecting and "iring of the shdves and 
miscellarwous apparatus, and will show by a 
fu rther series of ph!ltographs how tl1is has been 
carrit>d out. 

\Vorking on till' assumption thal it is prefer
able from all points uf vi ew lo carry out as much 
work in the Factory as possible, it will be 
realised that, unl-Pss special arrangements are 
made to reduce tlw amount uf wiring to be done 
un site, the pit>ce-111ea I 111elhud of installation 
\rnuld suffer in this respect fro111 a distinct dis
advantage, and ev1'n h:· 111aking special pro
vision considera hl.\ · mon· \Yiring is thrown on the 
Installer than is the caSl' where the racks are 

shipped fulh· (�quipped. To mitigate this 
a(h·antage, arrang1·ments have been made to 
assemble sheln's in their respective groups with 
their associa!t'd supen·isury relays and fuse 
panels on specially constructed tie bars, thus all 
wiring· common to a particular group can he 
carried out hy the Shops. This method of 
assembly has been used wherever the amount of 
inter-shelf wiring has merited its use; for 

VUL. XXIV. 

1'11;. 11. 

example' , the C.C.I. relay sets and coder-tinder 
shelves and director shelves . 

The method of assembling the shelf groups on 
the racks will be seen in Fig. 11, and its advant
ages will be appreciated in that no heavy lifting 
gear is necessary, the unit of two shelves being 
easily lifted and fixed in position by two men, 
and tlw tie bars remm·ed. Having- assembled 
the sheln�s on the rack, the Installer is left tu 
nmnect up lhe necessary supt·n·isory equipment, 
and for this purpose he is provided with a hand
made cable made up in the Shops. 

In the case of the subscribers' uni-selectors, 

H 
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1he sheln�s are shipped full�· ,,·ired and equipped , 

and are placed in position by the Installer, who 
connects up the battery and earth feeds and 
multiples the shelves together. This multipling 
is 1arried 0111 with S\\ itch board cabl1· between 
lerminal strips located ;1t th1· encl of each shelf, 

FIG. 13.-WIRll'G lJ,\l'G\\'AY, UNl•Sl!L!;CTOR RACKS. 

and can be seen on lhe left-hand side of Fig. 13. 
The rear vie,,· of a full�· 1·quipped rack can he 

seen in the centre of Fig . 12; this figure should 
be compared with Figs. 7 and 8 in !he pre,·ious 
issuf:' , and shows tlw gerwr;il progress that has 
h<>en made. 

F1G, 15.-Fll'AJ. St:J.E<.:TO� KA<.:J.:S. 
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Fig. 13 shows the wmng gangway between 
two suites of uni-selector racks, and should be 
compared with Fig. 9, also in the previous issue, 
when the ach·antage of kt\·ing the cables run 
in prior to tlw arriY�tl uf the shelves will be 
apparent. 

made use of, owing to the presence of a travelling 
ladder in the gangway. 

In the previous article it was stated that a new 
system of flood lighting was being considered, 
and this is clearly shuwn up in both Figs. 13 and 
14. The flood lights are controlled from either 
end of the gangway, the switch being mounted 
on the right-hand upright. For maintenance 
and inspection purposes, each wiring gang\vay 
is provided \Yith a socket for a hand lamp. Fig. 
14 shows an apparatus gangway between two 
suites of uni-selectors: here it will be noted that 
a different method of flood lighting has been 

Fig. 15 should be compared with Figs. 5 and 
6, in the previous issuP, and shows the final 
selector racks fully wired and equipped with 
shelves and bank multiples. The general 
appearance of the miscellaneous apparatus 
mounted down the right-hand side of the racks 
will be noted. 

In concluding this, the second article dealing 
with the progressive installation of Acorn Ex
change, it should be stated that the installation 
has so far proceeded according to programme, 
the piece-meal shipping having presented no 
serious difficulties, and haying considerably 
added to the ease of service during· installation 
and factory production. 

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

THE POST OFFICE IN EACH ENGINEERING DISTRICT AS AT 31sT �IARCH, HJJI. 

No. of 
Telephones 
owned and 
maintained 

by the 
Post Office. 

71 l,603 
95,279 
99,!03 
80,187 

I 12,283 
99,346 
64,482 

I 23,570 
175, 702 
105, 155 

71,091 
54,687 
25,052 
75,744 
98,524 

Telegraph. 

.ii I 

2 ,22{J 
.f,421 
h,J05 
8,58-1 
4,77q 
4,330 
8,016 
1,415 

5,983 
3,795 
2,412 
.f,407 
4,658 
7,240 

Overhead Wire Mileage. 

Trunk. 

J,<l.fl 
2 i,57q 
J3,287 
-10,013 
-16,012 
32, 163 
30,yi,; 
27 ,+bq 
15,887 
30,510 
24,002 
16, 154 
<J,287 

28, 157 
25.359 

Exchange. Spare. 

Engineering ' 
District. 

London 53,185 136 
7J,gs<1 2,525 S. Eastern. 
69,577 3,996 S. Western. 
74,379 7,069 Eastern. 
68,325 4,459 N. Mid. 
84, rnti 4,063 S. Mid. 
62,473 J,809 S. Wales. 
59,056 4,504 N. Wales. 
46,031 3,231 S. Lanes. 
52,J29 3,836 N. Eastern 
42,316 3,121 N. Western. 
28,848 3,187 Northern. 
15,458 622 Ireland N. 
44,497 1 ,472 Scotland E. 
4],553 1

---
1,154_ __ ,_Scotland W. 

Telegraph. 

25,}71 
4,167 

23,089 
24,958 
35,225 
14,793 

7,973 
14,212 
15,084 
16,028 

8,371 
9,265 

138 
7,rn5 

11,989 

Underground Wire Mileage. 

Trunk. 

104,646 
71,760 
20,905 
51,123 
74,722 
43,675 
34,852 
42,922 
93,926 
54,362 
38,155 
25,300 

3,162 
20,618 
31,508 

Exchange. 

2,803,456 
299,073 
225,494 
174, 102 
296,280 
249,807 
147,336 
341,378 
563,807 
288,605 
191,789 
153,715 

59,436 
170,883 
250,404 

Spare. 

61,914 
31,140 
67,01s 
59,063 
92,812 
77,234 
64,231 

131,253 
68,107 
66,945 
41,858 
34,188 

2,405 
53,192 
32,n5 

820,0�2

- I 
47,184 To:_i_ -

2�,

���-I 
i - ·------�-1-- --

6,034, 100 I 867,789 
I 

, Figures as at i 3 1 Dec., 1930 [ 
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THE BYPATH AUTOMATIC TELEPHONE SYSTEM. 

E. P. C. \V1rnarr anJ J. H. E. B.\KER, B.Sc.. ,\ .C.G. f., 

Standard TP!qihonb and Cables, I .Id. 

I NTRf >LlllCTION. 

T

I l E Bypath System is a universal aut

.

o
matic t elephone system employing single 
motion switches (or uniselectors) of 

simple desig·n as shown in Fig. I. The develop
ment of this srstem has been carried out entirely 
in London and is the outcome of unremitting 
research work extending over a number of years, 
and resulting in the production of a system 
\l·hich, in the upiniun of the authors, is superior 
lo utlwr Step-by-Step systems, and achieves in 
t his class a standarJ of efficiency hitherto un
attained. 

OOUBU: COIL 
M�C.N�T 

01£ ·(J'l.ST 
F!l'fAMC 

Fu;. 1.-S11";Gl.E :\funo:-.: Swrrc11. 

The term " Bypath " is descriptive of the 
oµeration of the system in that the circuits fall 
in to t wu main categories conveniently known 
as paths and bypaths. The paths constitute 
the speakin g connections which are engaged 

throughout a con versation , the bypaths being 
r·ngage<l only fur a short period <luring the 
setting up of a call. 

The bypaths control the positioning of the 
paths, and provide a temporary connection to the 
next switching stage until the connection 7.•ia the 
path is completed. \\Then the connection is 
establisheJ the bypaths are free for other calls, 
thus reducing the number of special relays 
associated with the apparatus individual to each 
call, an<l permitting the use of simple non
homing selectors in the paths. 

The system caters fur exchangt� capacities 
from a two digit unattended exchange to a 

w,ooo line exchange, which can exist as isolated 
exchanges or as units in a l arge nwtropolitan 
network , with or without exchange translation. 

The system is designed to inter-work with the 
present Step-by-Step system or with any other 
system employing forwurd loop impulsing; a 
bypath exchange can therefore be introduced 
into areas at present employing such systems 
without modification to the existing exchanges . 

.Vote: - The lcch11ical llo111c11clalure used 
f.lirouglwu/. /.his arliclc is tlw/ defined rn 

H.E.S . . I. l'ublical.io11 .Vo. 20-1-1930. 

The main features of this system arc:-
1. Flexibility of gruuping.-Each switching 

stage has eitlwr 100 or 200 outlets , and the 
number of groups into which these outlets are 
divided, and the number of outlets in each 
group, are limited only by the total number of 
outlets. 

2. The u.sc of a lcmpurary bypath lo the next 
switching stage.-This arrangement greatly 
simplifies the con versational circuits and makes 
it possible for the path selectors to be non
homing without affecting the minimum allow
able intt'rdig·ital period. 

J. The use of co111mun co11trulling circuits 
fur posi/.ioning the conversalio11al selectors.
These circuits contain the impulsing relays and 
the slow and fast operating relays, thus reducing 
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the number of special relays required in an ex
change. The ratio of bypaths to paths is about 
1 to IO for average traffic requirements, but, of 
course, is based upon trunking· calculations. 

4. Circuit design.-In designing the circuits, 
considerable attention has been given towards 
simplifying dPmands on relay design, and to
wards Pliminating to a g-rcat extent the need for 
critical adjustments and timing requirements. 
:\ minimum contact pressure of 20 grammes has 
been adoptc>d throughout. 

5. One type of selectnr.-The use of only one 
type of selector is of special value for manu
facturt>, maintenance and maintPnance education. 
This selector has been especially dc>signed for 
the system and has 6, 8 or 10 wipers arranged 
to give 51 or 102 outlets as required. :\n 
important feature of the new selector is the 
facility provided for jacking-in the brush 
carriage. This appreciably simplifies mainten
ance and allows for interchangeability. 

6. Translation .-\Vhen translation is re
quired, the registers and translators are used for 
setting up a call only when the call is to be 
routed by way of a tandem exchange or, in the 
case of the reg·isters, when the call is to 
terminate at a call indicator exchange. This 
arrangement irwolves a considerably smaller 
number of registers than would be required if 
they were hroug·ht into use on e\·ery call. 

7. Allernatii•e Trunhin,£;.-This feature pro
vides a means by which, in the event of all direct 
junctions betwePn the t\vo exchanges being 
busy, calls can be routed automatically through 
a tandem exchange. Tlw advantage of this is 
that the numbPr of inter-exchange junctions can 
bf' reduced by about 20% without materially 
affecting the number of junctions to tandem. 

HISTORY. 

The enormous amount of preliminary design 
work nect>ssitatf'd in the development of a new 
system is not genNally realist>d, and it would 
he interesting briefly to run over some of the 
c•arliPr arrangenwnts which ultimately led to the 
bypath system and to show why Pach was 
abandoned. 

The value of common controlling circuits and 
of tlw flexibility of the outlet groups on the bank 
of a single motion selector was apparent, and 
several schemes were workPd out in detail show-

ing how tht>se principles could be applied to a 
typical f'Xchange in the London area and to 
typical exchanges in the provincPS, both with 
and without satellites. These schemes proved 
sufficiently economical and attractive to justify 
extensive further development. 

The use of registers and revertive impulsing 
in conjunction with sing·Ie motion selectors and 
common control circuits was investigated, but 
while results proved very satisfactory, the 
circuits did not readily interwork with existing 
Step-by-Step exchanges, and for this reason the 
mt>thod was abandoned. 

It was felt that it mig·ht he advantageous to 
introduce common control working· without 
materially departing from the principles at 
present employed in London and the Provinces 
and a scheme using two motion selectors with 
common control circuits at each switching stage 
was worked out in detail. This scheme was 
further developed to show how certain outlets on 
one or more levels could be used to increase the 
size of the trunk group of other levels, in order 
to give a higher trunking efficiency. This 
proved, however, to he cumbersome and the 
results were not encourag·ing. 

The chief difficulty of a Sy'Stem using single 
motion switches without registers is in position
ing the switches in the interdigital period. In 
the earlier schemes this was done by using com
paratively complicated switches in the con
versational circuits, which had to return home 
after every call and which had to be capable of 
testing two outlets at a time. 

This latter requirement necessitated an addi
tional switching relay in the conversational 
circuit and tlwse schemes were not adopted since 
a system was subsequently evolved which 
enabled the common controlling circuit to estab
lish a temporary connexion to the common con
trolling circuit of the next switching stage. 
Having thus establishPd a bypath, the great 
majority (about 90%) of the complications 
referred to above are thus avoided and the 
selector in the conversational circuit moves in its 
own time to the position marked by the selector 
in the bypath. 

Before the present system was decided upon 
several schemes employing this feature were 
developed, differing chiefly in the method of 
positioning the bypath switch in response to the 
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dial, and in the method of associating the con
versational circuit with the bypath during the 
setting· up of the call. 

THE .MAIN FEATURES. 

Application.-The system is designed for 
Step-by-Step areas and is suitable for equip
ments of all sizes from a two digit isolated 
equipment to a ro,ooo line exchange in a large 
multi-exchange area such as London. 

The system interworks without any change 
with Step-by-Step systems or with any other 
systems responding to loop impulses. 

Interworking with manual systems is catered 
for either by means of the well-known keysend
ing method or by direct voice frequency signal
ling· from the manual exchange. Both call 
indicator and call announcer methods for hand
ling auto-manual calls have also been worked 
out. 

Service.-The service to a subscriber is equal 
lo that now afforded by Post Office automatic 
exchanges, and in addition it has the following 
advantages : -

l. The system is substantially immune from 
double connections due to marginal 
battery testing when searching for idle 
outlets at all stages. 

2. The relays which respond to the dial 
impulses and step the selectors do not 
h;we to supply the transmitter current. 

3. Continuous ringing is given immediately 
a subscriber's line is seized. This is 
replaced a quarter of a second later by 
the normal interrupted ringing. 

Fle'.\Jibility of Grouping.-One of rt:he ,most 
important features of the system is the use of 
single motion selectors. These selectors have 
roo outlets which can be divided into groups as 
required. Most telephone systems employ 
selectors having a definite number of levels with 
a definite number of outlets per level. This 
means that unless special arrangements are 
made, no group can have more than this fixed 
number of outlets and that if a level is not used, 
its outlets are wasted. On the other hand, the 
number of groups is not necessarily limited to 
ro, for example, there may be 9 groups of direct 
ju�ctions (4, 6, 6, 8, 6, 12, 4, 6, 6), one group to 
tandem ( 16) and one group to sub-tandem (26), 
making rno outlets altogether, divided into J J 

dissimilar groups. 
The table below shows the number of circuits 

required to handle given traffics when preceded 
by standard two motion selectors or single 
motion selectors with their outlets grouped for 
optimum distribution of availability. 

The traffic is assumed to consist of: -
34.3 TC on each of 4 levels. 
I 7. I 5 TC ,, , ' ,, 2 ,, 

Zero ,, ,, ,, 4 ,, 
The table gives the figures both for non

graded and graded connections and for roo and 
200 outlet cases. 

100 Outlets. --�=-1 --- -

graded. I Graded. 

-- -----� ____ i __ 
Two-motion selector 500 I 402 

�- ·----- ·-------· - � --1 
Single-motion selec

tor with flexible 
• I 

8 1 grou�1:: ..

. 1 _ _:_�1-
Pecceo< S"d"' .. . 1 "H I 

320 

20.4 

200 Outlets. 

Non. I 
graded. 

I Graded. 

-- --1 -

360 300 

268 

10.7 

The above economy is effected by allotting 
outlets to each level according to the traffic 
carried by it. The figures shown for the single
motion selector assume four outlets allotted to 
dead levels in each example. 

Another advantage is that where 100 outlets 
are required initially, and possibly 200 outlets 
required ultimately, the extension can take the 
form of simply adding the second selector and 
distributing the outlets as required. 

Translation.-A feature of the system is the 
manner in which translation is ha:ndled. The 
translators, which are common to the exchange, 
control the routing of all tandemed traffic. The 
remaining traffic, which forms the greater pro
portion, goes either to the local selectors or over 
inter-exchange junctions under the direct control 
of the dial. Each translator controls the routing 
of all calls going to nine exchanges. Thus the 
quantity of translators can be chosen to suit the 
number of exchanges in the area and can he 
varied as required. 

The registers store the numerical digits and 
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are taken into use only on tandem and call 
indicator traffic. They send out the code digits 
under the control of the appropriate translator. 
In the event of all direct junctions to an ex
change being engaged, calls to that exchange 
are routed via a tandem exchange. 

The advantages of these arrangements are as 
follows:-

(a) It is necessary to provide only a fraction 
of the number of storage registers 
which would be required with the 
present Step-by-Step System, as for 
example in London. 

(b) The number of inter-exchange junctions 
is considerably reduced without appre
ciable increase to the tandem junc
tions. In most areas there will be a 
large group of junctions from each 
exchange to a tandem centre to cater 
for the traffic to the more outlying 
exchanges. \i\Tith the alternative 
trunking feature, congestion on the 
inter-exchange junctions does not re
sult in lost or delayed calls,. unless in 
addition, all the tandem outlets are 
busy. Consequently, the direct junc
tions, which are usually in small 
groups, can be calculated on a much 
higher probability of congestion, re
sulting in an average reduction of 
about 20% in the number of junctions. 
The overflow traffic, which will be 
very small and probably not occur 
simultaneously in each group, will 
hardly affect the number of tandem 
junctions since they are already in a 
large group. 

(c) Following on (b) the prov1s1on of alter
native trunking allows the equipment 
to meet sudden emergency traffic con
ditions without degrading the service. 
The elasticity of this arrangement 
takes care of unavoidable deviations 
from the traffic predicted by the 
operating administration in forecasting 
the equipment and allows a greater 
traffic growth to occur before action 
need be taken. 

(d) Each translation appears only once in 
the exchange, thus reducing the 
possible sources of error, facilitating 

alterations and considerably minimis
ing routining and maintenance work. 

(e) Since the local and direct junction calls 
are set up under the direct control of 
the dial as opposed to the intervention 
of a register or director, the average 
time the subscriber has to wait from 
the moment of dialling the last digit 
to the moment of hearing ringing tone, 
is reduced by 4 seconds, which is a 

considerable advantage from the sub
scriber's point of view. 

Traffic to Manual Exchange.-The registers 
which store the numerical digits are designed to 
re-transmit them either as decimal impulses or 
as coded call indicator pulses. This means that 
only one type of register is required for tandem 
calls and direct manual calls. 

Maintenance.-A very great effort has been 
made to reduce the maintenance costs, and the 
main factors leading to the advantages claimed 
are as follows : -

(a) The presence of common circuits in 
which are located the testing, guard
ing, impulsing and marginal relays, 
not only considerably reduces the 
number of relays of this class, but 
makes it economically possible to pro
vide relief relays on a fairly lavish 
scale, which has the effect of easing 
the relay design limits and broadening 
the operating limits of the more diffi
cult relays. 

(b) A minimum contact pressure of 20 
grammes on all relay springs materi
ally reduces trouble due to dirty con
tacts. 

(c) Selector maintenance has been reduced 
to a minimum by virtue of the follow
ing:-
1. The banks and mechanisms are 

interchangeable, and the wipers 
having been centred on one bank 
require no further centring on other 
banks. 

2. The mechanism can be jacked in 
and out in a few seconds without 
the use of any tools, and the thumb 
screw which fixes the mechanism to 
the bank always remains attached 
to the mechanism. 
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3. These features enable the mechan
ism to he taken away for mainten
ance purposc>s 10 nny ronvenient 
working· position where all the 
necessary tools can he available, 
�me! the best conditions of working 
can be provided. 

4. All the ndjustable parts are rendily 
accessible. 

5. There are no auxiliary spring sets. 
(d) The relay panels can also be jacked in 

in and
. 

out, and the winding tags of 
the more important relays are taken 
out to jack points to facilitate current 
adjustment on the bench. 

(c) The bypaths which form the hub of the 
system are mounted at about four feet 
from the ground on all bays. 

(f) The provision of automatic routinPrs 
which test the correct make and break 
of every contact at all selecting stag·es 
makes it possible to check all the 
apparatus in a very short time for 
correct operation, and in the case of 
failure gives, by means of lamps, a 
direct indication of the probable cause 
of failure. 

(g) The use of bypaths makPs it possible to 
have separate relays for rPceiving the 
dial impulst>s during 1he setting up of 
a call and for battery supply purposes 
when 1he call has been set up. Since 
the properties for good transmission 
and good impulsing are conflicting·, 
this segregation of duties enables the 
most efficient relay to he used in each 
case. 

(h) In the event of a subscriber failing to 
dial after a predetermined time inter
val, the common apparatus is forcibly 
relPased and the subscriber's line is 
tied to a first path and a P.G. (per
manent loop) alarm is given. If this 
condition persists for more than a pre
determined time an exchange alarm is 
given. 

(i) The release of the connection is under 
the control of the calling subscriber 
who, on hanging up, breaks down the 
connection as far as the penultimate 
stage; the rf'mainder of the connection 

is under the control of the called sub
scriber, hut this control is not effPc
tive unless the calling subscriber has 
alrt>ady hung up. This arrangement 
prevents the called subscriber getting 
dial tone if he is late in hanging up. 
If the last subscriber fails to hang up 
after a reasonable length of time, the 
connection is forcibly broken down 
and the line is treated as a P .G. It 
will be seen, therefore, that all the 
maintenance work c.onnected with 
switchhook conditions is concentrated 
at the first stage. This eliminates the 
tracing back of C.S.H. (Called sub
scriber held) faults. 

(j) In order to ensure that no bypath is held 
for an undue leng·th of time, a fault 
detector is provided which continu
ously tests each bypath in turn. If 
the bypath is free, it passes to the next, 
but if a bypath is busy, it remains 
there until it becomes free, giving an 
alarm if this does not occur within a 
predetermined time. This fault detec
tor is in addition to individual time 
alarm arrangements, which are pro
vided on Pach circuit. 

(h) The only alarms in the exchange are 
given when a fuse blows, when a 
routiner finds a fault, when the fault 
detector is Jwld up, or when a P .G. 
persists for more than a predetermined 
time. 

Preseleclion.-First and second line finders 
are used in suc.h a manner as to give maximum 
availability between the first stage circuits and 
the subscriber's lines. 

The bypaths search first for the 100 line group 
calling and then cause first line finders to search 
for the calling line within that group. The by
paths are arrang·ed in pairs, and of each pair one 
is brought into operation at the initiation of 
every call, but only two first line finders search 
for the calling line -within the 100 line g-roup. 

Junctions.-The Bypath System claims two 
advantages in relation to junctions. Firstly, by 
the use of alternative trunking the number of 
inter-exchange junctions is materially reduced, 
and, secondly, by the use of separate relays for 
impulsing and transmission it is possible to dial 
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with more difficult line conditions and impulse 
r<"petition is made <"asiPr. 

Incoming junctions <lf<' terminated on the 
banks of finders which are so arranged as to 
ensure even distribution of thP finders around 
the arc. This gives an <"fficient m�thocl of intro
ducing the bypath at the incoming stage without 
interfering with the intercligital time. 

Traffic Recording.-The System lends itself 
vPry readily to the use of a traffic recorder. On 
account of the ease with which selector mechan
isms can be jacked in and out, it is a simple 
matter to re-group the selectors to obtain the 
highest traffic carrying efficiency. 

The outgoing tandemed traffic is measured at 
the translators, where means are provided for 
recording the total traffic to each exchange in
dividually. This is effected by plugging a 
meter circuit into the start circuit jack for the 
particular exchange required, and gives a very 
ready method of checking the traffic without any 
wiring or strapping being necessary. 

."Ail etering .-The system caters for excess fee 
or zone metering. \Vhen the called subscriber 
answers, the calling subscriber's meter is oper
ated a number of times according to the fee to be 
charged. The record of the fee to be charged is 
signalled to the outgoing relay set at the 
originating exchange from the register. 

Equipment.-The equipment is mounted on 
vertical bays, 11 ft. 6 ins. high and about 2 ft. 
wide. Each hay carries either two or four by
paths (depending on the switching stage) and 
the paths normally associated with the bypaths. 
The relays, supervisory keys, and test jacks 
are mounted at approximately four feet from the 
ground on each bay, the selectors being mounted 
above and below them. The relays are mounted 
on jack-in panels and arc providf'd with trans
parent covers so that the condition of the relays 
can be observed without removing the covers. 
Ordinary switchboard jacks are used for test 
jacks, and tlwir robust construction avoids main
tenance troubles. 

Final Selectors. -The same group of final by
paths is used for n·g·ular and P.B.X. work
ing and for the test and trunk trains, thus 
eliminating small groups for special services. 
Special finals are not required for P.B.X. work
ing, since the paths are identical, and the small 
amount of equipment which is special to P .B.X. 

lines is provided in all the bypaths. 
Facilities are proyidecl for intermingling 

regular subscribers in P .B.X. groups and for 
extending P. B.X. groups over the home position. 
These facilities enable P. B.X. group extensions 
to be made and reg·tdar subscribers to be con
verted into P.B.X. subscribers without chang
ing· the subscriber's nnmber. 

Ringing.-Continuous ringing· is applied to 
the terminals of the wantPcl line immediately 
after it is seized, and after about 200 milliseconds 
is replaced by the usual interrupted ringing. 
This feature is particularly useful in the case of 
P.B.X. lines since it prevf'nts P.B.X. operator 
seizing a line to the exchang·e after it has been 
taken hy a final selector clue to the seizures 
coinciding in the silent period of the ringing. 
It also decreases the operating time, therebv 
improving the serYice from the subscriber's poi�t 
of view. 

Satellites.-The Bypath System is easily 
adaptable to satellite working and depending on 
the type of the area and the nature of the traffic, 
either a discriminating first stage is used with 
the discriminating apparatus located in the by
path, or for larg·e satellites running into several 
thousand lines, a register with or without trans
lators is used. \Vhere registers are provided, 
only a few are required, since they are brought 
into operation only when they are required for 
the particular class of call. In this way the 
number of junctions between the� satellites and 
the main exchange is materially reduced. The 
same path selector is used for both the local and 
junction traffic and facilities are provided for 
direct working to neighbouring· satellites. 

Bypath Chmzgc-o'ver Keys. -The bypaths are 
arrang-ecl in pairs, each bypath normally serving 
a group of paths, but in the event of a bypath 
being cut out of serviCf� the paths normally 
associated with it can he made accessible from 
the partner bypath by means of a change-over 
key. \Vith this key thrown, the remaining by
path will sNve both groups of paths. 

A utnmatic R outiners .-Automatic routiners 
are provided at every switching stage where the 
number of circuits is such as to justify their 
presence. These routiners test the correct mak
ing and breaking of every contact in the bypaths 
and paths and take, on the average, about 75 
seconds to routine a bypath and its associated 
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group of paths. 
Facilities arP also provided for continuously 

ruutining one partic 1 1 lar circuit when' an inter
mittent fault is suspected. In the event of a 
fault being· found, its nature is indicated on a 

lamp tield so that it can be readily tracked down. 
The routiner is also used as the fault detector 

as has already been described. 
Battery S upply.-The current consumption of 

a hyp<1th exchange is approximately 10% to 20% 
less tlwn that of an equivalent Step-by-Step 
exchange. :\nominal voltage of so is used with 
a permissible variation from 46 to 52 volts. 
Separate batt<:>ry feeds are provided for talking 
and operating purposes. 

Location of the Feed.-In the Bypath System 
the transmission feed is located in the penulti
mate path and in the outgoing relay sets. This 
arrangement results in distinct economies com
pared with the usual practice of having the feed 
in the final selector, since the latter selectors 
which serve groups of roo or 200 lines are more 
numerous than the penultimates which serve 
groups of I ,ooo lines. 

Discrimination is made in the relay sets and 
in the penultimate stages as to whether the call 
has come from an operator. In this case the 
operator's cord circuit already has a feed, and 
consequently a second feed is unnecessary and 
is accordingly replaced by a through metallic 
pair. One advantagt> of this arrangement is 
that busy flash need not be repeated through the 
relay set, the elimination of which facility con
siderably simplifies the circuit. A second 
advantag·e is that the transmission is improved. 

Release.-Wlien a call is broken down at the 
end of a conversation, the path selectors do not 
move, the wipers remaining disconnected on the 
contacts until the path is taken into use again 
for another call. This reduces the wear on the 
path selectors by approximately 50%, and main
tenance is facilitated in that the selector remains 
on the outlet after the conversation has ceased. 

Spark Quenches.-Only one path selector of a 
group of paths served by the same bypath can 
move at a time, since no movement can take 
place unless it is controlled by the bypath. 
Advantage has been taken of this fact and only 
one spark quench is provided for all the path 
selectors served by one bypath ; this is located 
in the bypath and introduced when required. 

The method of introduction is such that with 
any combination of dirty contacts, it is not 
possible to drive the selector without the spark 
quench being connected correctly. 

Testing for free Outlets.-A free outlet is 
indicated by having battery potential, and the 
testing circuits are so arranged that provided the 
apparatus is in adjustment it is impossible for 
two circuits to seize the same outlet. This 
makes dou hle connections virtually impossible 
and has the additional advantage that a circuit 
cannot he seized if the fuse is blown. 

The selectors drive at a speed of 60 steps per 
second (minimum) and the outlets are tested two 
at a time. This high speed of testing enables 
large groups to be hunted over without interfer
ing with the interdigital period. 

Traffic between the Auto-Manual Board and 
the Automatic Equipment.-A trunk indicator 
circuit is used for this purpose. The operator 
depresses the order wire button associated with 
the group of trunks required; the jack to be used 
is selected automatically, and is indicated by a 
lamp. This method does away with the click 
test for small groups, and the group click test 
or visual engaged signals for the large groups. 
The latter is not satisfactory on account of the 
glare and the battery drain, and the former is 
inconvenient for large groups. 

GENERAL DESCRIPTION. 

In principle the line finding arrangements are 
built up in 5,000 line units, comprising 50 
groups of rno lines. First and second line 
finders are used and in a 5,000 line unit every 
first stage path has access to every line. 

Each selecting stage is divided up into paths 
and bypaths. The paths convey the conver
sational current and are held throughout the call. 
The bypaths are taken into use for positioning 
the path selectors and are released immediately 
the paths are ready to take over. The progress 
of a call is indicated in Fig. 2, which shows how 
the bypath circuits are released stage by stage as 
the connection is established. 

On the initiation of a call, half of the available 
first bypaths associated with the 5,000 line unit 
are seized momentarily. The bypath group 
finders hunt for the group of 100 lines in which 
the call originated. When two such bypaths 
have found the group, the remaining bypaths 
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come to rest. A test is made to ensure that 
access is available between the paths under the 
control of that bypath and the calling subscriber. 
Each of the two successful bypaths causes a first 
line finder in the correct JOO line g·roup to hunt 
for the calling line. Two first line finders, 
therefore, hunt for each call. 

\Vhen one first line finder lws found the call
ing line, the other is brought to rest and its by
path released. The line is now extended over 
the first line finder and the group finder to an 
impulsing· relay in the first bypath and dial tone 
is given to the calling subscriber. 

,\part from the group finder, the bypath has 
two other selectors known as R r and R2. R I 

responds to the dial impulses and pilots R2 to 
the required group. R2 searches in that group 
for an idle second stage path whose bypath is 
also free and R1 hunts for an idle first stage 
path. \Vhen R2 has found a free second stage 
path, the positive and negative lines are switched 
through direct to the second stage bypath, while 
the test lead holds the path busy. 

\Vhen R1 has seized its path, the second line 
finder is rotated to the position marked by the 
group finder in the bypath and the selector is 
rotated to the position marked by R2. During 
this period a temporary path has been estab
lished to convev the next series of dial impulses 
over the banks

. 
of the first finder, the group 

finder and R2, to the impulsing rday in the 
second stage bypath. 

Like the first bypath, the second stage bypath 
has an R1 and an R2 selector. R I responds to 
the second digit, piloting R2 to the correct 
group. Rz then searches for an idle outlet to 
the penultimate stage, while R1 hunts for the 
path as marked for the call by the first stage 
path, in order to provide paths of access between 
the bypath and the path to enable the positioning 
of the path to be controlled. 

When communication has thus been estab
lished between the path and the bypath of the 
second stage, the first stage bypath is dropped 
and is available for another call. 

The call proceeds in this manner from stage 
to stage, but the penultimate bypath remains in 
circuit until the wanted line is tested, in order to 
signal to the penultimate path whether the line 
is free or busy; immediately this signal is con
veyed, the penultimate and final bypaths are re-

leased and the connection is left established over 
t lw paths. 

The connrction is held from the penultimate 
path, which provides the talking current to both 
subscribers. 

At the moment the wanted line is seized, con
tinuous ringing is transmitted for about 200 

milliseconds, followed by the usual interrupted 
ring·ing·, which is tripped whrn the called sub
scriber answers. 

The release of the connection is normally 
under the control of the calling subscriber, but 
should the call be held for more than a pre
determined period after the called subscriber has 
cleared, the whole connection is forcibly released, 
the calling line appearing as a permanent loop. 
Corwersrly, should the calling subscriber clear 
but the called subscriber fail to clear, the train 
will be released as far as the penultimate path, 
which path, together with the final path, is held 
under the control of the called subscriber, in 
order to prevent the line finders coming into 
operation unn<:>cessarily. If the called subscriber 
continues to hold on for more than a pre
determined period, the remainder of the train is 
forcibly released and the called subscriber is 
treatrd as a permanent loop. 

Jn the event of the wantrd line being busy, or 
the bypaths failing to find an idle outlet at any 
stage, busy tone is sent back to the calling sub
scriber. 

If the system is applied to a multi-exchange 
area, outgoing relay sets and special incoming 
stage circuits are used. 

The outgoing relay set is reached from the Rz 

switch of the rst or 2nd bypath, repeats the im
pulses over the junction and holds the preceding 
stages operated. \Vhen the preceding path 
selector is positioned, a relay is operated in the 
relay set which causes the release of the bypath. 
The path circuits and the relay set remain in 
circuit during the conversation, the latter con
trolling supervision and metering. 

The incoming stage circuit differs from an 
intermediate stage circuit in that the bypath can
not be tested directly over the junction. The 
junctions are terminated, therefore, on line and 
cut-off relays and the incoming paths and by
paths have finders which pick up the calling 
junction, special steps being taken to ensure 
rapid finding. 
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COMMON CONTROL SYSTEM. 

R. TAYLOR and C. E. BEALE, 
Engineering tkpartment, Automatic Telephone J\Janufacluring Comµany, Limiteu. 

A
s a preliminary tu a brief description of 

the Common Control System, it would 
appear desirable to draw attention to 

certain features of the British Pust Office Step
by-Step System employing uni-selectors (rotary 
line switches), in order to emphasise the two 
basic principles that ha\'e been incorporated in 
the new system to secure important economic 
advantages. 

In the Department's pr('sent standard syste111, 
each switching operation is effected under the 
control of a number of relays, which are definitely 
associated with individual switches. The num
ber of relays provided depends upon the 
particular switching stage, and upon the func
tions to be performed. Thus, 10/10 group 
selectors have five relays, whilst regular final 
selectors have either eight or nine relays. It 
will be appreciated that, whilst each of the relays 
of group 

'
selectors rapidly functions in a definite 

sequence to establish connections, only one relay 
-i . e ., the wiper switching relay-remains held 
for the duration of the call. Thus for something 
like 99% of the holding ti111e of the switch, four 
of the five relays perform no useful function. 
Similarly, on regular final selectors, only four of 
the eight or nine relays are held for the full 
duration of the call. 

There are thus a number of relays that perform 
what may be termed transitory functions, and in 
the Common Control System these transitory 
functions are perfor111ecl by detached groups of 
relays, each group being arranged to control a 
number of switches. To tlw switches themselves 
are fitted only the relays that are required for the 
full duration of the call, plus one relay that serves 
to link up \Vith the common control group during 
the setting up of the call. The total number of 
relays is therefore considerably less than in the 
present standard system, and this, of course, 
effects important economies, both in first cost of 
the apparatus, and also in mounting space. For 
example, whilst a ro' 6" rack mounts 70-10/10 
group selectors, having a total of 350 relays, the 
same rack mounts 80-10/ 10 common controlled 

selectors, together \vith the common control relay 
groups, making a total of only 220 relays. 
There is thus an average of only 2.75 relays per 
switch, as against 5 per switch, whilst 1r.4% 
more can be mounted in the same space. 

This principle of common control is by no 
means new, having been patented so long ago as 
I<JI3, but it is only recently that, clue to the steady 
imprcwements in manufacturing methods and to 
the increasing use of auto-routiners, it was felt 
that advantage could be taken of the economies 
it makes possible. 

Consideration will now be given to the line 
finder principle, which has already been exten
sively adopted in America and Canada by the 
Rell Telephone Companies and by the Canadian 
Bell Telephone Company respectively. 20,000 
lines of line finder equipment have recently been 
installed in Victoria, B.C., for the British 
Columbia Telephone Co. and Director line 
finder equipment is being installed at the present 
time in the Johannesburg Area for the South 
African Post Office. 

A total of approximately 700,000 lines of 
Strowger line finder equipment is giving service 
in large exchanges in various parts of the world. 

Unlike the present system, in which each sub
scriber's line is provided with an individual uni
selector and pair of line and cut-off relays, the 
Common Control System employs small groups 
of two-motion switches operating in the reverse 
direction and functioning as line finders, each 
group serving 200 subscribers lines. Line 
finder switches are provided at the rate of from 
12 to 30 per 200 subscribers, depending upon 
traffic values. 

In regard therefore to the method of operation 
on originating calls, the two systems are funda
mentally different. On the present system, the 
subscriber's uni-selector hunts to extend the 
caller to a trunking switch, whereas on the line 
finder system a preselected finder switch hunts 
to find the calling line for the purpose of extend
ing it to a trunking switch. Hence, the line 
finder system is much more economical in regard 
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to the apparatus employed to seize a switch for 
the first S\Yitching stag·e, due tu the substitution 
of relatiYeh· few two-motion finder switches in 
place of individual uni-selectors. 

:\ttention is drawn to the fact that, excepting 
the manner in which calling· parties are extended 
to the first rank of switches, both the present and 
line tinder equipments employ identically the 
same types of S\Yitches for subsequent switching 
operations. 

"'°'" the Commun Control s,·stem combines 
the substantial economic ;1dvantage of the line 
finder svskm \Yith that of the common control 
principle, tilt' latter being incorporated in every 
switching stage, commencing with the seizure of 
a trunking switch in the first rank. The total 
resulting· economy is thus substantial in com
parison with the present standard system, 
amounting to the following approximate reduc
tions in exchanges of average sizes. 

% Reductions. 

First cost of automatic apparatus 20% 
Mounting space 30% 
Yolunw of apparatus 2fJ% 

It follows that thes<' reductions will effect sub
stantial econornit'S in building costs also. 

Furthermore, in vie,,· of the fact that the 
switching mechanisms employed in the Common 
Control System are practically all of the two
motion selector type, maintenance is still further 
simplified, since there is only one main type of 
S\Yitching component to maintain instead of two 
as on the present standard system. 

Circuit arrangements of the Common Control 
System have been completed for both Non
Director and Director areas, including the well
known principle of satellite working, employing 
discriminating· selector repeaters. All the cir
cuits conform strictly to tlw Department's 
standard circuit principles, including· " make 
drive,'' t)rioritv switchinL>· in 10/ 20 <rroujJ selec-t - ,� . b 

tors, fast wiper S\vitching relay in final selectors, 
etc. Further, since the more important relays, 
(.\, B and C) are in common groups, they �ue 
easier to maintain and, as they are required to 
function only in the setting up of calls, it is thus 
permissible to design them for maximum impuls
ing efficiency, instead of their being required to 
combine the dual functions of battery feed and 

impulsing·, as in the individually controlled 
svstem. 

Fig·. I shm\s a 10/ 10 g·ruup selector of the 
existing typl', having fi,·e relays arranged for 
individua·I cont rnl, whilst Fig. 2 shows the 10/ 10 
group selector having only two relays and 
arranged for common control. 

Fig. 3 shows the general arrangement of the 
Common Control Svstem for Non-Director areas. 
In this particular a�rangement each subscriber's 
line is provided \\·ith a single relay only, which 
combines the functions of separate line and cut
off relays. This relay functions satisfactorily on 
loops up to 1200 ohms. .\s previously men
tioned, subscribers' lines are arranged in groups 
of 200 lines, which are served by groups of 200-

puint tinder switches of the two-motion selector 
type. 

\Vhen a calling party lifts the receiver to make 
a call, the operation. of the line relay operates a 
start relav in the distributor. The operation of 
the line ;elay also " marks " the calling sub
scriber's line on the finder switches, whilst the 
operation of the start relay immediately causes a 
preselected finder switch to hunt both vertically 
and horizontally until the calling line is found. 
Thereupon, the calling line is switched through 
to a tirst selector and common control relay set. 
The calling subscriber's line relay is then caused 
to perform the cut-off function, to clear the line 
and release the distributor, which then preselects 
another finder switch in readiness to deal with 
the next call. 

This sequence of operations is normally accom
plished by the time the calling subscriber has 
placed his receiYer to his ear to listen for dialling 
tone. 

As each digit is dialled, the successive com
mon cont rot relav sets are released, leaving the 
connection held by a minimum number of relays, 
as shown in Fig. 3. 

Circuit Operation of ro/ 10 Group Controlled 

211d Group S'elector. See Fig. 4. As stated 
above, 200-point selectors would normally be 
employed, but to facilitate description the circuit 
uf a 100-puint, or 10/10 selector, is given. 

\Vhen seized for the purpose of establishing a 
call, relay K in the switch and relay A in the 
common ·control relay set operate in series. 
()perated contacts A 1 close the circuit of relay 
B, which operates to apply earth at operated 
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contacts B2 to tlte J> \\irt· tll hold tlH· preceding 
S\Yitches. Operated contacts lb also complete 
a locking circuit for n·lay K. whilst uperated 
cuntul·ts B3 pn,p;1n· tlw \ 't•rtic;i l 111;u.,:·1wt cin-uit. 
Operated contacts B1 also l'artl1 tlte I' \\irt', ttJ 
provide an overlap C'arth on s\\·itcl1ing tltruugli . 
Rehn· ,\ responds to the dialled impulses ;111cl 
caus�s the shaft to be sleppl'<l o\·er the circuit

pulsing contacts /\ 1, operated contacts B3, 

normal contacts BB2. -t c1l1111s \\inding of relay 
( ·. rotary normal springs :'\I� ;111d 01wratC'cl nin
tacts K3. ·R1�l:i:· ( · n·n1;1ins stt·adi!_,. operated 
during till' \"t• rt i cal ;wtion ;111d, due to !wing 
slug·g t'd , releases in :1br1t1t 11>0 rnilli-st'conds after 
tlw shaft h;1s been rais1·d t11 tlte kn·l dialled. 

The rntar:· mag·1wt circuit is tlten l'tllllpleted 
;•ia 01wrated off-1wr111;il springs, :'\, operated 
cont<tcls K4, normal contacts ( ;2 " y." restored 
nrn tacts C3 and operatl'd con tact s B2. Tlw 
\1·ipers are tlwrefon· cut-in to tilt· lirst sd of con
tacts and, if these :tre l'ng·aged. relay ( ; operates 
'i.'ia the oper;ited rot;iry i n t er ru ptn contacts, R, 
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normal contacts I-13. and positivl' on tlw P 
wiper. Reim· (; disconnects the rotary magnet 
circuit at operated contacts G2 " y." The 
rotary armature therefore rl'leases and discon
nects the rotary interrupter contacts, R, thus 
releasing relay C. This cycle of operations con
tinues until the wipers reach a disengaged set of 
contacts, whereupon relay H operates in series 
with relav (;, which, however, remains normal, 
due to tl;e hig·h resistancl' of relay H. The 
operation of relay I I switches the line through 
to a selector in the rwxt rank, 7.'ia operated con
tacts IC. �-C and Ha. Relay .\ in thl' common 
control set is then disconnected and therefore 
releases, being cl use I y followed h:· t hl' release of 
relays B and K. 

The switch is lwld hy n�lay H to tlw P wire', 
whilst tlw comnwn control relav Sf't is now free 
fnr further use. 

In the event of all outlt•ts being- engagt•d, the 
wipers would lw rotated to the 1 1 th step, where
upon the cam springs make contact to operate 
relay BB and connect earth tu the private wiper 
for overAow metering. The operation of relay 
BB holds relay (; to prevent further rotary 
rnot ion, connects busy hold to relay B and con
nects busy tone and flash through relay A to the 
calling party. 

One feature of the Commun Control System 
that contributes to the high economy of the 
svstem as a whole is that of partial secondary 
t�unking, which is employed in connection with 
the line finders. and may he explained as 
follows :-Assuming that the originating traffic 
per subscriber is 0.05 T. U., then the total traffic 
for a group of 200 subscriht>rs would be ro T.U., 
which, with a grade of service of I in 500, would 
require 10 line finders. If 10 T.U. are offered 
to 20 line finders in a definite order, it can be 
shown that the first 1 2 Ii ne finders wit I carry 
8.8 T.ll. or 88% of the total traffic, whilst the 
remaining 8 S\vitdws will unly carry 1 .2 T. U. or 
12'}{, of the traffic. Under these conditions the 
average occupancy of the first 12 line finders is 
0.733 T.U., as against an average of only 0.150 
T. U. for the last 8 switches. If now a group 
selector be detinitdv associated \Vith all the 20 
line finders, the av�rag·c occupancy of the first 
1 2 selectors would be satisfactory, whilst that of 
the last 8 selectors would be extremely low. 
Therefore, in order to increase the average 
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occupancy of the selectors associated with the 
last 8 line finders in each 200-lines group, partial 
secondary finder equipment is employed, and 
consists of 8 groups of secondary finders of the 
uni-selector type. One line finder from each 
200-line group is connected to each secondary 
finder group and full availability conditions thus 
obtain with regard to the selectors associated 
with the secondary finders. 

It should be noted that the bulk of the busy 
hour traffic is carried bv those Jirw finders that 
are directly associated with selectors, and that 
the partial secondary equipment is only called 
upon during the peak periods of the busy hour. 
The circuit arrangements are such that, whilst 
the finder switches are not tested in a definite 
order, a call cannot engag·e a tinder in the 
secondary group unless all the primary finders 
are engaged. 

Under t hesc conditions. t lw t ratlic overflowing 
from the direct group into the indirect group \\·ill 
be the same as if tlw lirw tinders \n're tested in 
a definite ordt>r up to the di,·iding point between 
two groups. 

In conclusion. it nw,· lw n·rnarked that the 
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physical disposition of the common control 
groups relative to the switches they control is 
such that the tracing of calls, usually a difficult 
and almost an impossible procedure on systems 
employing various forms of common control, is 
perfectly simple. For example, on a group 
selector rack containing say 8 shelves of 10 
selectors each, there is also one shelf containing 
10 common control relay sets. The wiring 
arrangements are such that the switches in 
position r on each shelf are each controlled by 
the commun cuntrol relay set in position r, and 
so on. This arrangement is, of course, of con
siderable importance for maintenance purposes. 
Furthermore, the order of testing by the pre
ceding switch is arranged to be in the order A1, 
B2, C3, D4, Es. etc., thus ensuring that the 
common control relay sets are taken in order, 
and equalisjng the traffic over the shelves of 
switches. 

An experimental trial equipment, cons1st111g 
of three racks of common controlled 10/ 10 g·roup 

selectors and a routiner, has recently been in
stalled in Bishopsgate exchange. The purpose 
of this experimental trial equipment is primarily 
for traffic investigation. Auxiliary equipment 
in the form of traffic meters is therefore fitted for 
the purpose of obtaining· traffic data, and means 
are provided whereby the holding times of both 
the common control relay sets and the switches 
can be ascertained at all stages of the calls. 
Ordinary exchange traffic is now passing 
through this equipment. 

Fig. 5 shows a front view of the three selector 
racks, the shelf of uni-selectors being for the 
special purpose of applying varying holding 
times to simulate the traffic conditions on 
different ranks of switches. 

Fig. 6 gives a view of the routiner and the 
auxiliary equipment employed for traffic in
vestigations. The entire equipment has been 
handed over to the Department's engineers, to 
whom acknowledgements are due for the excel
lent facilities provided. 

THE GRUB MENACE. 

J.C. DALLOW. 

T

ELEPHO:'\E engineers, in the course of 
their foremost duty of the preservation 
of line \\·ires, frequently find themselves 

al \Var with nature. In fact, the engineer has 
good reason lo say that in Dame Nature he has 
a malicious enemy who adopts every means at 
her command lo cause breakdmvn of his plant. 

Passing over the more violent methods such 
as damage by storms, nature also uses more 
insidious \vavs lo interfere \vith the lines of 
communication. ,\ mong these is destruction by 
microbes and insect life. Engineers are well 
aware of the expensive plant and process neces
sary tu presen·e poles against \vet rot, and the 
manufacturers of submarine cables are forced to 
take special precautions against the teredo worm, 
\Villi its remarkable boring capabilities. 

Another member of the insect world has now 
made its first serious onslaught against telephone 
equipment in this country. This is a type of 

clothes moth, which has launched its attack in 
the heart of the London Telephone System, at 
Tandem Exchange. 

Occasional moths are not uncommon amongst 
wiring which has lain undisturbed for some time. 
There is at least one case where insect powder 
was used effectively against them on main frame 
jumper wires in one of the older manual ex
changes; but in no previous instance is there any 
record of destruction similar to that which has 
been experienced at Tandem. 

About the middle of January last it was noticed 
that jumper wires recovered from the main frame 
had patches on them where the insulation had 
been removed almost to the conductor itself. At 
first this was assumed to be due to abrasion, but 
closer examination, coupled with the discovery 
of some maggot-like insects, showed that the 
latter were responsible for the damage. It was 
found that a large number of wires under the 
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top layer in all parts of the frame were affected. 
A few moths were also seen, but these were far 
outnumbered by the grubs. 

The matter was then taken up and in order to 
devise safe and certain methods of extermination 
it has been necessary to study the lives and 
habits of the insects. 

Investigation has shown that the caterpillar is 
the larva of a moth belonging to the family of 
" Tineidce," its name being " Tineola Bissel
liella," the wool 1not h. Fig-. I shows one of the 

l'hoto Ii;• /Ju/le>�"· 

insects considerably magnified, the actual sizt: 
being 1 to �- inch long·. The head of the larva 
is brown and has a hard cuticle. In the front 
the head is provided with mandibles or jaws, 
which operate with a sideways movement, meet
ing like a pair of pincers. By means of these 
the grub cuts into and eats the woollen insula
tion of the wire. The head is also equipped 
with six simple eyes. These are, however, very 
imperfect, and appear as small spots on the head. 

The body of the larva is white and is made up 
of a numb�r of segments, each being equipped 
with hairs. Movement is accomplished with tlw 
aid of three pairs of leg-s near the head, each leg 
terminating in a small claw. Beneath the 
abdominal portion of the body are a number of 
circular protrusions, each equipped with minutr· 
hooks, which also assist the grub in its switch
back method of progression. 

The caterpillar has an insatiable appetite and 
feeds contin ually . Very fortunately, it dislikes 
rubber, so that the jumper wires which have been 
attacked still possess the thin layer of rubber 
adjacent to the conductor. After digestion of 

the food has taken place, during which process 
it travels the whole length of the body, the insect 
discharges tiny slate-coloured pellets. These 
are turned to good use by the larva. It spins 
silk, in which it entangles the pellets, along with 
particles of dust and other rubbish, to form a 
mass of web. In this the insect conceals itself. 
Fig. 2 shows a colony of larv� together with a 
mass of the collected material. which clings to 
the wires. The silk is extremely fine, and is 
only visible in a pmwrful light as a glistening 

/'liolo hv LJallo«'. 

filament. The photograph also shows patches 
on the wires where the insulation has heen eaten 
away to the rubber coating. 

After a period of gorging, which is usually 
ahout ten wt>eks. but which varies according to 
the temperature and general surroundings, the 
larva spins silk around itself and forms a 
chrysalis. J\t this stag< ·  the nwtamorphosis 
occurs. Tlw sluggish , rf'pulsiYP larva which 
formed the chrysalis emerges ;1fter about two 
\1·peks ;1s a Aimsy moth, its \1·ing·s g·l<,aming with 
a golden metallic shef'n. In Fig. 2 a moth is 
sho\\'n on each of tlw innl'r \\"irt>s. The main 
function of the femalt· moth is to lay eggs, which 
will hatch out into larv;e. It deposits a number 
of eggs at a tim e  and une moth in the course of 
its short ex istence nf a \n�ek ur two mav lay as 
many as 150 of the minute eggs . Contrary to 
the feeding-by-biting method of the caterpillar , 

the moth can absorb food only by suction 
through a tube or proboscis situated in its hf'ad. 
It also has two fairly long antenn�e, and is pro
vided with two large compound eyes. Each of 
these is actually a number of little eyes amalga-
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mated together, and under the microscope the 
whole looks similar to the surface of a black
berry. 

The moth during its short life feeds very little 
or not at all. The Pnergy for the transformation 
from larva to moth and the strength necessary to 
manufacture the Pggs are provided mainly by 
the fattened larva before it enters the pupal 
stage. Since the moth can absorb nutrition only 
by suction, its food must be in a liquid state. 
The fact that so fe"· moths have been seen at 
Tandem may pt>rhaps be due to their premature 
death owing to the extremely dry conditions 
prevailing. 

Several methods of extermination of the pests 
have been suggested and the investigations in 
this direction may be divided into three stages: 

1. To arrest the reproduction of the larv::e. 
2. To destroy all eggs, larv::e, chrysalides 

and moths in order to effect a complete 
cure. 

3. To impregnate or alter the composition 
of jumper \vire insulation so that the 
insects cannot feed on it, thereby avoid
ing recurrence of the trouble. 

It is, of course, necessary to examine very 
closely every means of combating the insects, 
since it is easily possible for the rPmedy to be 
more harmful than the affliction. 

At the time of writing the pests are being 

effectively checked by brushing and agitating the 
wires: all tbe insects and material which are dis
lodged are caught on sheets and burned. 

To effect a complete cure it has been suggested 
that the whole main frame should be heated to a 
temperature of 6o°C., and that state maintained 
for 48 hours. This, however, has been aban
doned since it would probably melt the wax of 
the terminating cable forms, and might have an 
injurious effect on the insulation of the frame. 

Experiments are now being conducted with 
various chemical sprays with the object of 
destroying all forms of the insects in the present 
attack, and rendering the insulation of the wire 
permanently fatal to the l.arv::e. Future specifi
cations for the wire will probably include par
ticulars of treatment of the wool which will 
prevent a recurrence of the trouble. 

A peculiar feature of the attack is that, so far 
as is known, it is confined to the one exchange. 
This is the more remarkable since there are, 
apparently, many other frames which would be 
more conducive to the development of this type 
of insect than that at Tandem. The frame at 
Tandem is in a warm, dry atmosphere, and one 
side of it receives no daylight. It is, however, 
of modern design and all the wires are com
paratively free, there being no thick, tangled 
mats of wire such as are frequently found in older 
types of frame. Work is also being constantly 
carried out and the wires are thereby disturbed. 

SELLING BY TELEPHONE. 

I
T is well known that the average day callinf.,

.

'" 
rate is considerably lower in this country 
than in the United States. The Ratio 

of day to busy-hour traffic is also lower. A 
higher day calling rate would mean greatly in
creased prosperity for British tPlephones, not 
only in regard to revenue but also in regard to 
the rate of growth in the number of stations. To 
a system such as ours, in which the proportion 
of telephones working on the automatic principle 
is rapidly increasing, the ratio of day to busy 
hour traffic is of special importance because every 
additional call completed outside the busy-hour 
yields a higher proportion of profit than calls 

completed within the busy hour. Increased 
profits enable tariffs to be reduced: rapid exten
sion of the system follows as a logical conse
quence. 

Our object in stating these principles is to 
emphasize the importance of tendencies or 
developments in business methods or social 
habits which may have the effect of raising the 
day calling rate or improving the ratio of day to 
busy-hour traffic. Such tendencies should be 
discovered and encouraged ih their earliest stages 
and their development should be followed with 
the keenest interest by all who are anxious for 
increased prosperity in the telephone industry. 

.. 
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After reading a remarkable book entitled 
" Selling by Telephone," a second edition of 
which has recently been published in the United 
States, we are convinced that such a tendency is 
now well advanced and definitely operative in 
that country. \Ve are also convinced that when 
the new methods so ably described in this book 
are understood and that when the success attend
ing their application in America becomes more 
widely known, it is highly probable that they 
will be taken up, developed along lines to suit 
British conditions and applied with equal success 
in this country with consequent advantage to the 
British Telephone System. 

" Selling by Telephone " is not written with 
the direct object of bringing more business to the 
telephone system. It is written for Manufac
turers, \Vholesalers, Department Stores, Re
tailers, Financial Houses, Newspapers, etc., with 
the object of bringing prominently to their 
notice:-

" An exceedingly active series of changes, 
all of which tend strongly to place emphasis 
upon that medium of universal personal 
communication, combining speed with low 
cost-the telephone. They tend, in short, 
to adopt, to to-ordinate, and to develop 
effective methods for making the fullest 
practical use of this device, second only in 
importance, and complimentary to advertis
ing in sales work." 

The author, Mr. J. George Frederick, is widely 
known in the United States as an authority on 
business subjects and as a business research man 
actively engaged in advancing business practice 
and the technique of salesmanship. He has 
carried out an extensive and careful investigation 
into the principles and practices of successful 
telephone salesmanship and in this book the 
results of his labours with many examples of 
actual results in various branches of business 
which have been realised in practice are set forth 
in concise and convincing language. He shows 
clearly that business men are only just beginning 
to realise the enormous importance of the tele
phone as a sales instrument and that as its value 
is better understood its use will rapidly increase. 
To quote the author's own words:-

" Here then is a communication machine 

of national scope whose usefulness m 

national selling is only beginning to be 
appreciated ..... The extent to which the 
telephone can be used for this purpose would 
seem to depend largely upon the vision, 
initiative, and ability of sales managers to 
organise for telephone selling activities and 
establish policies which shall guide them 
along lines that will co-ordinate rather than 
upset the equilibrium of forces of efficient 
distribution. Promising beginnings have 
been made, but much remains in observing 
and completing the essential facts about 
demand creation by telephone, in classifying 
them, co-ordinating them, and establishing 
their mutual relations. The relation, how
ever, between the requirements of efficit>nt 
distribution and the adaptability of a 
nation-wide system of telephone communi
cation is obviously such as to provoke rapid 
progress in the art of telephone selling." 

The telephone companies are, of course, co
operating in the new movement. In his descrip
tion of what is known as the " Sequence Toll 
Call Plan " the author says : -· 

" Very naturally one of the very first aids 
to telephone selling that suggests itself is an 
arrangement whereby the telephone com
pany may facilitate in every possihle way 
the handling of a large number of toll calls 
during a limited period. The telephone 
companies have now very thoroughly 
worked out plans for such assistance. They 
have taken upon themselves as much as 
possible of the labour and effort, in order to 
make telephone selling easier, faster, and 
better.'' 

\Ve wish that every Director and Sales 
Manager in this country would read and study 
this inspiring book. If, as a result, they decided 
to put the new methods to the test, they would 
find readv waiting for them an up-to-date nation
wide tel�phone system competent and eager to 
co-operate in the experiment. 

" Selling by Telephone," by J. George 
Frederick. Published by Business Bourse, 80 
West 4oth Street, New York :

· 339 pp. : $4.00. 
J.J.M. 
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REINFORCED CONCRETE POLES FOR TROPICAL USE. 

E. HARPER, M.l.E.E., Mem.l.R.E., 
Chief Engineer, Ceylon Post & Telegraph Department. 

T
HE Telegraph Engineer is faced with 

many difilculties in the Tropics which 
his confrere in more temperate zones 

escapes, and the supply of suitable posts on 
which to erect his wires is one of the most 
troublesome of them. 

A plentiful supply of specially grown larch, 
pitch pine, red fir and cedar impregnated with 
creosote has solved the problem of a cheap and 
suitable wood post, having a long life, in most 
countries within the temperate zones, but the 
tropical problem is rather more complicated. 

Creosoting has a much shorter effective life 
under a tropical sun with the torrential rains to 
assist in washing it out of the surface wood and 
no soft woods can then withstand the attacks of 
the myriads of termites or white ants, so that 
even if freightage charges did not rule out the 
creosoted pole as an economic proposition the 
white ants would do so .. 

l\Iost indigenous tropical trees are of hard 
wood species which will not absorb creosote to 
any extent. A few of them are white ant proof, 
but even in these cases the sap wood is quite 
useless. As the trees are jungle grown, straight 
growth of suitable length and girth can rarely 
be obtained and the poles must be square sawn 
to the necessary dimensions. �Then the cost of 
felling, sawing and carting is added to the heavy 
depreciation charge, the total cost per pole is 
very high. 

During the past eight years the development 
of the telephone service in Ceylon has been very 
rapid and the demand for poles far exceeded the 
supply of suitable local timber. As much of the 
development was in rural districts, where costs 
had to be reduced to an absolute minimum 
owing to the length of the lines, the economic 
aspect required most careful consideration. 

Galvanised tubular iron poles are in many 
respects ideal for tropical conditions, but the 
post-war prices of these have until quite recently 
been so high as to make their use prohibitive in 
developing a cheap rural service. 

Attention was, therefore, turned about six 
years ago to the possibilities of locally manu
factured reinforced concrete poles. The writer 
was aware that the suitability or otherwise of this 
type of pole was a subject of controversy and 
that they had been tried and abandoned in many 
countries. An analysis of all the adverse 
comments and reports on the subject showed 
that in practically all the countries which had 
abandoned their use the climate was subject to 
large variations of temperature, severe frosts, 
snow storms, and high winds. The concrete 
developed hair cracks which permitted water to 
enter and attack the reinforcement. If frost 
supervened in these circumstances the result 
would naturally be the rapid disintegration of 
the concrete. 

Ceylon is fortunately not subject to these 
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climatic extremes. Frosts never occur except 
,·ery slig·htly in a fe"· places up-country. Tlw 
maximum daily range of shade temperature only 
amounts to about q0, while the Observatory 
records for the past 10 years show only five 
occasions when the wind velocity exceeded 40 
miles per hour and only two \vhere it exceeded 
60, in fact a velocity of 40 miles per hour may 
be considered very unusual. 

Poles used for power transmission and dis
tribution lines cannot as a rule be stayed owing 
to the dangers incidental thereto. They are, 
therefore, subject to very considerable horizontal 
stresses, varying rapidly due to the swinging of 
the wires, a condition of affairs admirably suited 
to the development of tllf' hair cracks above 
referred to. 

Poles used for telephone and telegraph lines 
are invariably stayed or strutted wherever any
thing more than a very slight angle occurs. All 
terminal poles are backstayed and on straight 
routes line stays are attached at frequent inter
,·als to prevent any appreciable swing of the pole 
line as a whole. The bending stresses on such 
poles may therPfore be regarded as quite small. 

:\fter taking into account all the known factors, 
it was decided in H)2� to experiment with rein
forced concrete poles, in order to ascertain 
whetlH•r they could be manufactured locally at 
such prices as would compete satisfactorilv with 
tubular iron poles and to obtain data for � suit
able design. 

Experimenting in reinforced concrete 1s 
decidedly slow work, owing to the length of 
time the finished article must be seasoned, and a 
period of two years was occupied in tests and 
experiments covering the following points: -

(1) Most suitable type of reinforcement. 
(z) Design of reinforcement and composi

tion of mixture to give maximum 
strength for minimum weight. 

(.3) Method of manufacture to give con
sistent results at lowest cost. 

It was decided that the best results would be 
secured by concentrating the manufacture at one 
central depot in order that the work could be 
more thoroughly organised and checked. As 
all the material, exceptrng sand and granite 
chippings, were imported and landed at Colombo 
anci <listrihution hy road anrl rail was also most 

convenient at this point, this was obviously the 
most suitable site for the depot. 

The experiments wPre satisfactorily concluded 
in 102:;, and it was dt>cidcd on the results 
obtained to go full SJWf'd ahr·ad on the manu
facture of concrete polf's and abandon the use of 
wooden poles, excepting in certain special cir
cumstances. 

Portland cement \Vas used for the mixture in 
all the poles turned out up to the end of 1929. 
Experiments were then made with some of the 
rapid setting aluminous cf'ments. \\Tith these it 
was possible to obtain a pole of rather greater 
strength for the same \Yf'ight and dimensions, 
"hi le the period of seasoning could lw consider
a hi y curtailed. 

The aluminous cemenls are slightly morP 
costlv than Portland cprnent, but it was found 
that

· 
a mixture containing· rather less of the 

former could be used, thus le\"('lling up tlw cost 
of material. The speeding up of the seasoning 
process resulted in a small nf'tt saving per pole, 
while the added convenience was considerable. 
:\luminous cement is, therefore, now used ex
clusively, and the following notes on manu
facture are based on the use of this. 

M oulds.-These are made of 1" teak, the sides 
being keyed together as shO\rn in the foreground 
of Fig. I. \Yith this ml'thod of building the 

FIG. 1.-MOULDING SHOP. 

moulds no difficulty has been experienced due to 
warping, and although the moulds have been in 
continuous use for five years the wood is only 
now beginning to lose its surface. 
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The moulds prm·ide for the numher of arm 
slots shown in Table !\, ea<'h with a 9/10" holt 
hole. On one side is fitted a die fnr the purposP 
nf embossing a crown, "C.P .0.," l1•ngth of 
pole and year of man11foct11rt', 1lw bottom of tlw 
letters "G.P.O." !wing· ro frl"l from the butt 
end of the pok. This p ro\ 'ides tlw usu;il nwans 
of checking the depth of setting. 

l?ci11force111e11/ .-The rf'inforcPment consists 
of mild stPel bars of thP 11111nlwr :rncl dirnf'nsions 
indicated in Tahll' .\, spa<'Pd h�· means of a 
spiral of No. 8 S.\V.G. iron wire, uniformly 
uqwrf>CI to corn·spond to tlw taper rCC]11ircd on 
thP pole. 

The bars :ire tied S\'llll1H'lri1·nlh· to tlw outside . . 

of the spiral at alternate turns by nwans of 
No. IO S.\V.(;. iron win', t�lf' nat side of the bars 
being against the spiral. As large quantities of 
tlwse tie wirf's an· required, a machine was 
designed to rnt and bend them to the required 
h•ngths. Short bars arP pro\'ided to strengthen 
the reinforcemPnt :1t tlw lo wer part of the pol e , 

and are tied flat to 1he inside of the spiral, except
ing; in the case of the 18 feet poles where they are 
plact>d on edg1· to permit of the mixture heing 
better worked in. Joints in the bars are not 
1wrmitted . Fig. 2 shows details. The ends of 

Fw. 2.-DETAILs OF REI�F<>RCDtEST. 

the long bars are turned inwards at the top to 
form a hearing for the saddle fitting referred to 
in the paragraph on casting. 

The Mixtwre consists of one part " Ferro
crete " rapid setting cement, two parts river 
sand and three parts of f metal. Owing to the 

high humidity of the Tropics fresh cement must 
he used which must he imported in St>aled iron 
drums. Clean sand and mPtal. whi<'h should 
prderahl.v hP granitr· chippings , must lw used. 
In nrder to SP<'un• a hnmog·1:nP011s mixturt\ it is 
w·ry dPsirnble to ust> :1 powcr-clri\'en cenwnt 
mixer. Th<' mixturf' should hP sufficientlv flnid 
tn allow a good cast to be made, hut excess of 
water is to he m·oi(kd. The exact amount of 
water to lw :1ddf'd is lnrg«•ly :1 mnttN of f'X-

1wriencP. 
Cas/.i11,(,'.-Tlw n·inforcenwnt is placed cen

tr:illy in the mould and tlw clirnf'nsions provide 
for :1 CO\'ering of nllt lt•SS th;1n f ;1t all points. 
In working· the mixt1m� into tlw mnuld, great 
<'are must he exercisPd to avoid air lrnlrs and to 
cnsu re a smooth su rfoct> on n 11 sidf's of t lw 
finished pole. 

.\t tlH· top of the pol1', a bolt and nut \\·ith 
thimble arp insPrted to take a sndclle fitting wl11'n 
necessary, the squarl' lwad of the bolt projecting 
ahon'. the polP. :'\ornwlly, it rf'mains in position 
and is unscrPwccl and rPplae<•d h:· thP saddle bolt 
when the lattPr is used. 

Treat.men/. after Casti11,(,'.-Thc poles remain 
in thP moulds four clays aftPr casting and during 
this period are kept moist . On tilt' fourth day 
they arc transferred to :1 pickling· tank of wnter 
when· they rPmain for a furtlwr period of ten 
days. They are t hPn stack1•d and air-dr i ed and 
seasoned for a period of a pprnxi mat l'1 y 50 days 
before being issued for us1-. \.ide Fig . 3. These 
periods are i ncn·nsecl by ;1 hou t 50°{, in the case 
of pnlPs llf JO fr1·t in length or m·(•r and represent 

F10. 3.-)MMllRSION TANK AND DRYING GROUND. 
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a sm·ing of 33 ,� �(. on the time n'quired for the 
sam<' procPss using· Portland cemPnl . 

Tt'sli11:;.-Frc·q1wnt tests an• madP of the pole� 
at 1 month , :;  months :rnd ()months in the follow-
111g manrwr: -

They an· rigidly clamped in a vertical position 
to a COIHTPte hasp for a ) pngth corrPsponding to 
tlw dt-pth of sPtting· . On the other side of the 
concrPt<> h:1sc· is erect eel vc·rt ica I h· a stout con
crc•tf' pole, \rh irh is fittPd with hack stays to he 
perfrctly rig·id. :\ g-rnm·f'd pulley with hall 
lwarings is fitted to tlw 1wrmarwnt pole and is 
adjustable in height to suit the pole under test . 

,\ \\·in• ropC' is madC' off round thP pole under 
t1·st 1� fol'! from tll(' top and pass1·d over the 
pu lie·_,., To t hf' ot lwr <·nd of t lw rope is fitted 
a straig·ht \'Prtical hnr ;111d holch·r for the testing 
\\·Pights. :\ di\'idl'd seal<'. clamped :-tt rig·ht 
ang·lt>s to the permarwnt pol1" provides nH'ans of 
mP:-tsuri ng t hC' JPnf'ct ion 11 ncler v:1 rious stresses 
:-tnd also ('n:thl('s thf' elasticity of the poles to be 
tPstC'd. The· nwtlrnd is 1·lparJ�· shown in Fig. 4 . 

• 

FIG. 4.-POLf CNDllR TEST. 

T:-thle .\ gi\'es the breaking stresses of the 
\·arious pol1·s aftr·r s!':1soning, while Fig. 5 in
dic:1t1•s th1• lm•aking stn•ss<'s for a t�·pical 18 ft. 
pole at int1·r111f'diat1• 1wriods. 

.. 
!!., PERIOD OF SEASONING IN DAYS 
,.

:at-������������������---j 
�E 

600 

400 

aoo 

0 

10 30 40 60 

frtOTl!:-
--

TESTS TAKl:N OM 18 l'T POLl.S 

10 

CLAMPED RIGIDLY 2 FI P'ROM •UTT 

$TRU151la A�PLl•O I P'l � l"tl FROM TOP 

20 

FIG. 5. 

�o �o GO 10 
--- · -· -- · --····- - ·_) 

\\'hen the nrnnufacture of these poles was first 
commenced, some little doubt was felt as to 
whethPr the adhesion of the cement to the rein
forcement was sufficiently perfect to prevent the 
formation of rust, in view of the fact that the 
appearance of hair cracks due to slight swaying 
of the poles w:-ts irwvitable, thus giving access to 
the heavy rains and humidity of the Tropics. 

As a preventive :-tgainst this, it was made a 

rule for some time to tar the poles thoroughly 
on erection with a viPw to closing the pores and 
any cracks which might form. Subsequent ex
perience, howevPr, proved that this was an un
necf'ss:-try prc>caution. 

A number of poles which had stood in un
favourable positions for five years and had 
recPived no treatment of any kind were recently 
taken clown and tested. It was found that their 
breaking stresses werf! higher than when origin
:-tlly erected. The concrete was then carefully 
chipped off the reinforcement and the latter was· 



REINFORCED CONCRETE POLES FOR TROPICAL USE. 139 

found to he perfectly clean and in as good con
dition as when the pole was first made. Tarring 
was consequently stopped forthwith. 

The manufacture of these poles in Ceylon 
g·ives employment to nearly 100 men, \Yith an 
output of over 4,000 poles per annum, and nearly 
30,000 poles are now in Sf'rvice. 

Considerable interest has been shown by 
se,·eral other Colonial Administrations m the 
results obtained and in some cases it has been 
c!C'cided to follow the example of Ceylon. 

It is, therefore, thought that the details now 
given may assist other Engineers who are faced 
with the same problems. 

TABLE A. 

Dimensions of 
Sides. (Inches) 

DATA FOR REINFORCED CO:-JCRETE POLES. 

Spiral Reinforcement Bar reinforcement. 
I • I I Breakmg /· B d' ' _ • stress. en mg 

Length Cubic 
rnnt�nts Weight 

lbs. Diameter In. 
Load i;ioment IN f . I m foot I 0· 0 

applied I lbs. at I Arm ft. I Cu. Ft. No. of 
Cross 

No. ofi Length ' ,;ection 12· ft. . Slot,;. from top 1· ground ! Bottom I Turns Bars' Ft. In. In. 

I Top i Bottom 1 
of pole. 

, 
line. 

- -�--. ---
--,---- 1------------,----

18 

18 

22 

24 
26 

30 

(Light) 3 x 3 4� x4} 2.0 

(Heavy) I + y 4 5}x 5-} 2.8 
I 

4tx4t 7 x 7 5.0 

4tx4! 7!x7± 5.5 
41 X41 7!X7! 6.5 

4� X4� 8 x 8 8. o 

\Iaterials 
Labour * 

o,·erhead charges (including • 

rent, depreciation, tools and 
supervision) 18% 

Total cost 

31 s I I } II 3 54 ' 4 
2 ' 
2 

450 2�- 4 54 4 
4 

820 2-� ,.._;! ;)4 6i 4 
4 

qoo 2-i Si 69 4 

17-10 

7-6 

17-10 
7-6 

21-IO 
9-00 

23-10 
1008 zli 8 6 74 4 i 25- 10 

4 
1302 2-� 6" • 84 4 

4 

TABLE B. 
REI'.\FORCED CONCRETE POLES. 

Average Cost of Manufacture in Ceylon. 

14-00 
29-10 
18-00 

Lengths of Poles. 

;!_ xt 364 lbs. 4925 4 
i round 
3 
8 

3 x 1. 577 lbs. 7500 • 4 
! x ! 
I x ! 800 lbs. 13200 
! x 1 

·4 
I x ! 800 lbs. 14800 
I x t i Soo lbs. 16000 
;!_ x 1. 4 4 i Soo lbs. I x ! 18800 
;!_ x t I 
4 

---· ·· - ·------- - ·-----------;-----------

18 ft. L. 

s. d. 
IO 0 
4 2 (16) 

14 2 

2 6} 

16 8! 

18 ft. H. 22 ft. 24 ft. 30 ft. 

--·-·------- --�-- - ... ----- _ _j __ -;---s. d. s. d. s. d. . s. d. 
12 I 

4 2 (16) 

16 3 

2 11!-

18 5 20 9 I 26 IO 
6 0 (24) 6 5 (2 5) I 7 IO (31) 

4 II 
----- ·- ---1-

28 St 32 

------

' ! 
34 

8 
I 6 3 

+- 40-1� 

NOTE. 1. 
NOTE 2. 

NoTE 3. 

The cost of materials includes all freight and cartage charges to the site of manufacture. 
* The figures in brackets represent manhours excluding superv1s10n. 
For purposes of comparison it may be stated that the latest prices of tubular steel pol<>s delivered in Colombo are-
22 ft. = 38/3 and 30 ft. = 55/3. 

2 

3 

4 

6 
6 

6 
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THE TRANSANDEAN TELEPHONE CABLE. 

THE \VORLD'S HIGHEST TELEPHONE LINE. 

T

HE telephone conversation bet\veen 
H.R.H. the Prince of \Vales and H.T\L 
the King on February 22nd from San

tiago de Chile to Buckingham Palace , London, 

\\·as an impressive event not only for the public 
who read of it in thP newspapers next day, but 
also for the royal participants in this extra
nrdinarv event. OnP indication of this was a 
requPst received by the Argentine telephone 
officials from London over tire telephone for 
some photographs that might be shown to His 
:\Iajesty, illustrating how such a communication 
could be possible. 

Acting upon this request, the Union Tele
fonica prepared an album of photographs of the 
laying of the British-made underground cable 
across the Cumbre of the Cordillera, bound in 
parchment, and dedicated to the Prince of Wales. 
This magnificent album , typically Argentine in 
style, and bearing on tlw cover the coats-of-arms 
of Great Britain , Chile and Argentina, was 
delivered, in a case of glass and parchment, to 
the British Ambassador in Buenos Aires, Sir 
Ronald McCleay, P.C.K., C.M.G., by the 
general manager of the Union Telefonica, :Mr. 
R. E. Petley, with the request that it be pre
sented to the Prince. 

On the first inside page of the album 1s a 
dedicatory parchment, bearing the coat-of-arms 
of the British heir and two miniature paintings 
of typical scenes connected with the installation 
of the Tran.sandean cable, and with the follow
ing text:-

" To His Royal Highness, the Prince of 
Wales, this album of photographs, showing 
the difficult task of laying across the summit 
of the Andes Mountains the British-made 
underground cable which has brought Chile 
within speaking distance of nine-tenths of 
the world's telephones, and by means of 
which he was enabled to talk from Santiago 
de Chile on Sunday, February 22, 1931, 
with His Majesty King George V. in 
Buckingham Palace, is most respectfully 
offered by 

The United River Plate Telephone Com
pany, Ltd." 

The Ambassador expressed great pleasure at 
receiving the album, which was added to the 
Prince's collection of momentos of his second 
South American tour. 

The cable was made at the North \Voolwich 
Factory of Messrs. Standard Telephones and 
Cables, Ltd. The first of its kind to be laid in 
South America, it is some St miles in length 
and it is laid in a shallow trench at an altitude 
of 12,ooo feet amongst the snow peaks of the 
mighty Andes, amidst scenes of majestic 
grandeur. To lay a telephone cable over the 
top of the Andes was a formidable task, and the 
fact that the difficulties were successfully over
come is a tribute to the daring, the resourceful
ness and the perseverance of all concerned. 

The cable was sent to the Transandean rail
way stations closest to the new telephone line. 
From these stations the cable drums were trans
ported on motor lorries to points as near as 
possible to the scene of operations, following the 
tortuous route across the Andes. The last stage 
of transportation had to be carried out by work
men, since the terrain crossed by the new cable 
is inaccessible to vehicles. This was a task full 
of difficulties, on account of the nature of the 
ground and of the great altitude, factors which 
diminish considerably human powers of endur
ance. 

One of the special characteristics of this cable 
is the resistance it affords to earthquake shocks, 
which are sometimes registered in the zone 
through which it runs. For this purpose special 
protection is necessary, consisting of two metal 
wrappings, coiled spirally in opposite directions, 
and separated bv one wrapping of hessian and 
one of specially 

.

prepared cloth. Thanks to this 
protection, the cable can resist very violent 
torsions, and security against interruption is 
thus afforded. 

The work of opening a trench for the laying of 
the new cable was finished in the summer. This 
proved a tremendous task, for the shortest route 
\Vas taken, though wherever possible slopes and 
other difficulties which would have made it 
impossible to carry through the installation were 
avoided. On account of the rocky nature of the 
soil, a great part of the trench had to be opened 
by means of explosives. In certain parts of the 
route the snow, \vhich in \vinter reaches a depth 
of l 5 to 18 feet, had not disappeared, even in the 
summer season. As soon as the trench was 
completed, the laying, testing and jointing of 
the numerous sections of the new cable was put 
in hand. The installation was carried through 
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To the left is the winding road Jmn1 the Chilean side. 

so rapidly, that in little mure than une month after 
the completion of tlw trench it was finished and 
the new circuits were immediately put into action. 

Some idea of the nature of the country and the 
magnitude of the task may be g·athered from the 
illustrations accompanying this article. 
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OUTLINE NOTES ON TELEPHONE TRANSMISSION THEORY. 

vV. T. PALMER, B.Sc., \\'Ii.Ex., A.M.I.E.E. 

(SECTIONS 7-w). 

SECTION 7-continued. 

Coil-loaded Cables (cont.) 
In underground and overhead cables the coils 

of all circuits are assembled in an iron case 
known as a " loading pot " (see Fig. 14). The 
size of the coils is a large factor amongst those 
which influence the cost of coil loading. The 
importance of this factor has been reduced in 
recent years by the use of special dust-core coils 
and in some cases by the use of high per
meability cores, such as permalloy, which give 
the required inductance and magnetic stability 
with a much smaller core than with the older wire 
and air-gap cores. 

In submarine cables the practical question of 
coil-loading is a much more difficult problem and 
the cores of the inductance coils haYe to be 
assembled so as to occupy as little space as 
possible by being constructed with an overall 
shape nearly elliptical. (Fig 15). A bulge is 
thus seen in the cable at loading-coil points, 
which must be of such diameter that when going 
over the sheave of the cable ship during laying 
or repair operations no damage is done to the 
coils or cable by undue strain. 

II. Continuously-Loaded Cables.-First intro
duced by a Danish engineer named Kramp in 
1902, this type of loaded cable is largely used 
for submarine cables. The loading consists of 
iron alloy wire of a few mils thickness, wound 
in a close spiral along the length of the copper 
conductor. :\ number of layers of loading wire 
may be used but, owing to increased electro
static capacity of the loaded <;·onductor and due 
regard being paid to the iron losses incurred, a 
limit is soon reached by increasing the induct
ance of the circuit in this manner. 

Until the introduction of high permeability 
alloys with stable magnetic properties the maxi
mum inductance per mile obtainable by the 
Kraru p type of loading was of the order of 20 
millihenries, but the recently laid telegraph cable 
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F1G. 15.- Loadin.!J- G1! !Vr Submarine. Tele}2.hone CAble. 

in the Paci tic ( kean (between Fanning and 
Suva), continuously-loaded with permalloy, has 
an inductance of tlw order of 165 millihenries 
per nautical mile. 

Principal Adiianlages of Continuous Load
ing:-

( 1) \Vhen used for submarine cables the 
laying and repair operations are not 
more difficult than those for ordinary 
unloaded cables. 

(2) The impedance-frequency characteristics 
can be made smoother than for coil
loaded cables. 

(3) Useful for insertion in short U .G. cables 
between two aerial lines. 

(4) Cheaper maintenance. 

Principal Disadvantages of Continuous Load
ing:-

(1) For a given low attenuation a con
tinuously-loaded cable is at present 
more expensive to construct than a 
coil-loaded cable. 

(2) Cannot he applied to existing unloaded 
circuits. 

(3) Liable to increased cross-talk produced 
by inductance unbalance due to age, 
excessive testing currents, etc. 

Further References for S'cction 7 :-

" Electrical Communication," Vol. 4, No. 1 
(1925).-" The Loaded Submarine Cable," 
by D. E. Buckley. 

Journal IE.E., \T<)I. (Jj, April, 1929.-" The 
Continuouslv Loaded Telegraph Cable," by 
Foster, Ledger and Rosen. 

· 

SEC'IIUN 8. 

Artificial Lines or Equivalent Networks- T 
and 1t Circuits. 

It is frequently necessary for test purposes, for 
comparison or analysis, etc., to replace a com
plicated circuit by a simple one. A transmission 
line having uniformly distributed constants is a 
complex electrical circuit having resistance and 
inductance elements in series, and capacitance 
and leakance elements in shunt-See Fig. 4, 

Section 2. Simple networks may be constructed 
to represent, in various degrees, such actual 
transmission lines and are known as artificial 
circuits. There are two principal classes:-

(a) " Nominal " circuits. 

(b) " Equivalent " circuits. 

It will be seen from what follows that, actually, 
(a) is a particular case of (b). 

(a) Nominal Artificial Circuits. 
One such circuit can be obtained by assuming 

the shunt elements (G and C) to be concentrated 
in the middle of the line and one-half the total 
line conductor resistance and inductance con
centrated on either side of it.-Fig. 16 refers. 
This is usually simplified further by assuming 
the R and L normally in the two wires of the 
line to be lumped in a single wire and is then 
usually termed a " nominal T-circuil " from 
its shape. See Fig. 17. 

Another type of nominal circuit can be built 
by assuming the total G and C to be split into 
two equal parts and lumped, one at each end of 
the line1 with the total R and L lumped between 



OUTLINE NOTES ON TELEPHONE TRANS.'.\lJSSION THEORY. 145 

:l; ( R + jwL) �d R 

G jUl.lC 

:k ( R + jwl) ;I: ( R + j(_Q)L) 

FIG. 16. 

them. See Figs. 18 and 19. The latter is 
termed a " nominal n-circuit " from its like
ness to the letter rr. 

� ( R 

� R + jwl) 
FIG. 18. 

Such nominal circuits are only approximations, 
since with the same impressed voltage (at any 
particular frequency) on line and network the 
network does not give actual line receiving-end 
conditions, and hence the transmission effect is 
not exactly equivalent to that of the actual line. 
On the other hand, with equal impressed voltage 
at a definite frequency, a T-circuit and also a 
11:-circuit can usually be constructed to give 
actual line-end conditions and such circuits are 
known as " equivalent circuits." The sum of 
the R, L, G and C of the equivalent circuit will 
not necessarily be equal to the total R, L, G and 

3 

2 4 

FIG. 20. 

VOL. XXIV. 

i ( R + jwl) � ( R 

�----------- ---------- � 

e 17 _ Norn/nu/ T- Crcu/t 
rIG. . 

C respectively of the line it represents and the 
method of obtaining the necessary branch 
impedances required is as follows: -

R + jcol 

FIG. 19.- Norn/nu/ 7T-Grcu/t 

( b) Equivalent Networks. 
r. Equivalent T-Circuit. 

Since most lines are terminated by a receiving 
impedance as nearly as possible equal to Z0 (to 
avoid reflection effects, etc.) the following net
works are made to represent any given finite 
length of uniform line on the assumption that the 
receiver impedance equals Z0 in modulus and 
angle. Further, since the magnitudes of the 
branches Z1 and Z2 change with frequency, then 
these single section networks only exactly repre
sent the line at. the one definite frequency for 
which Z1 and Z2 are calculated. See Fig. 20. 

2 

Z fanh rl 0 2 Z0tanh -r;_i 

F 
. 

21 _ E'/uiva/Qnf T- CrcuiT. 
J(-7. . 

3 

4 

K 
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impedance of series arms 

" ,, shunt branch 

,, measured at terminals 
1-2, when the equivalent -T is 
closed by Z0 

L = sent current at terminals 1-2 
lr = received current at terminals 3-4 

and flowing through Z0• 
Since Z2 is in parallel with Z1 + Z0 : -

z. = Z, + :f2 (Zz + z� . .. . . . . . . . . . . . . . . . . . . (1) 
,, + 2 + 0 

I z, 3 

Zs»» 

: .1. 

�� -
z

, F:': � Zo 

2 4 
Fm. 22. 

But if the network, 1 -2 to 3-4, is to behave 
as an actual uniform line of length, 7, and 
propagation constant, y, terminated by Z0, then : 

Z, = Z0 (See pp. I. of Section 3 of Notes). 

Hence equation (r) above becomes:-

Zo = Z, + Z
Z2 (Zz'���o}__ . . . . . . . . . . . . . . . . . .  (2) 
, + 2 + Zo 

Again, if the network is to behave as a 
uniform line closed by Z0, we have-from equa
tion (4) of Section 3-

lr = e-r1 
ls 

x I, and hence : -

= e-r1 . . . . . . . . . . . . . . . (3) 

Combining equations (2) and (3)-

Zo = Z, + e-yl (Z, + Z0) . . . . . . . . . . . . . . . . . . . . . . .  (4) 

Z0 tanh ¥ . . . . . . . . . . . . . . . . . . . . . . . . . . . . (5) 

From equations (3) and (4) : -

( l - e-yl ') Z0 l - ��� = Z., (I - e-r1) 
I + e-rl -

'5In�1° yf ... . . . . .... . . .  
· . . . .  · . . . . . .  · 

. . 
· 

. .  (6) 

Therefore, the equi\'alent T-network of a line 
length, l, closed by Z0 an<l of propagation 
constant, y, is as shown in Fig. 21. 

2. Equivalent 7C-Circuit. See Fig. 22. 

Z0 sinh rt 

FIG. 23.- ....£.9uiva/QJ7/ 7T-C'rcu/t 

Z2 = shunt branch impedances, 

Z, = series arm impepance, 

ls = current entering 1 -2, 

lr = current leaving 3-4, 

Z0 = terminating impedance, 

Z { Z Z2Z0 j 
�2 '+ Z2 + Z" f 

Then z. = Z0 = . . . . . . . . . .  (7) 
Z Z Z .. Z0 

'2 + 'I+ z - z '2 + �o 
\i\Thich can be written:-

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (8) 

A . lr l gam - =e-y = ls 
Z2 x 

z;+zo 

___ z....;.'"�� . . . . . . . . . . . . . . . . . . .. (9) 
� z Z2Zo z, + 2 + z - _z __ _ '2 + (] 

From equations (7) and (9) :-
. Z1Z2 
Zo = Z ( i - ·  .. ) z 2 er - I - -1 

and writing (er1 - r) = d in this equation it 
becomes:-

z = _ZoZ2 • d 
1 Z2 + Zo 

.............................. (10) 
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Substituting in equation (8), the value of Z, 
found in equation (10) :-

Z22 • d - 2Z2Zo - Z02 (d + 2) = o which is a 
quadratic in Z2• Solving for Z2 :-

Z., 
= 

2Zo ± v' 4Z/ + 4Z-;2d ( d + - 2) 
• 2d 

Since d is always positive, 

Z2 = Z0 coth 
yZ 

2 
........................... (I l) 

From equation (10), substituting d = eY1 - l 

yl 
and Z2 = Z0 coth , then:-2 

R=11n R=11n 

• ...... 

FIG. 24.- Nnrn/nal T 

Z, = Z0 sinh yl ....... .................. .. (12) 

Therefore, the equivalent 1t-network of a line 
length, l, closed by Z0 and· of propagation con
stant, y, is as shown in Fig. 23. 

Note.-If l is so small that 

sinh yl -+- yZ and 

tanh yl -+- yZ 

then, equations (5), (6), (11) and (12) reduce 
to the corresponding nominal circuit values. 
Hence, a criterion by which it can be determined 
whether a nominal circuit or equivalent circuit 
should be used is found in the degree of 
equivalence to yZ of sinh yl and tanh yl. 

Example. -Find T-networks which shall repre
sent at 5000 rads./sec.1 (a) } mile, (b) 40 miles, 

of a circuit with loop mile constants R = 44 
ohms, C = 0.065 microfarad. Neglect natural 
inductance of the line and leakance. 

Considering (a). The propagation constant 

Y = 0.1195 /45°_; yZ = 0.05975 /45°; sinh yZ 

==. 0.05979 and tanh yZ ==. 0.05968. It will be 
seen that yZ -+- sinh yZ -+- tanh yZ, and hence 

z, = z � 
= 

(R + jwL) x } R 0 
2 2 

since L = o, i.e., Z1 = l l ohms. 

(G + jwC) x } 

since G = o, z2 - i 6150 ohms. 

4 

� Jw -
2 

In such a case, therefore, the nominal circuit 
arrangement shown in Fig. 24 would be suffi
ciently accurate for practical purposes and would, 
of course, represent the line at all frequencies. 

606/46°32' 

FIG. 25.-
E7ut'valent T 

Considering (b). y = .1195 /45° 

yZ = 4.78 /45° 

Hence 

- . ----

sinh yZ = 14.74 /203°121 

tanh :z = r.064 \1632' 

Zo = 570 \45° 

Z, = 606 /46°32' 

Z2 = 38.8 l!_I_I04_8' 

It is interesting to note that this particular T
network (Fig. 25) is a case of a " mathematical 
equivalent " only (useful in the solution of 
a more complicated problem) and cannot be 
physically constructed as the resistance portion 
of Z2 is negative. In such a case a 1C-network 
is sometimes physically possible, though not 
always so, and should be calculated if an actual 
network is sought. 
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3. Expressions for Characteristic Impedance 
and Propagation Constant of E qui'valenl 
:Vetworhs in Terms of the Branch Im
pedances Z1 and Z2• (These results are of 
great importance). 

Equivalent T-Circuit. 

Bv considering Fig. 20 : -

Zo = z, + "
Z_2 (Z

_= 
+_ '/,o) 

Z1 + Z2 + Zo 

Zo2 = Z1 
2 + 2Z,Z2 

J 
- --(·--- Z,. 

2Z,Z2 l + -z- ) ............. (13) 
\ 2 2 ! 

Again, if P = propagation constant of one 
section of an infinite number of recurrent sym
meterical networks (P = yl if each section repre
sents l miles of cable closed by Z0 and having 
a propagation constant y per mile). 

, ls Z, + Z2 + Z0 
fhen p = loge T,. = log, ---- z-;-- - .. 

Substituting for Z0 from equation (13) :-

p _ l . { Z, +Z2 - og, --- + 
Z2 

. l�z,z:(-��- �)I JtV...._ __ _...,,,\ 
,__

2_Z_2 f · . . . . · · .. · · · . . .  ( 14) 
z2 

By putting x 

becomes:

Z, + Z2 
---z;-- equation ( 14) 

p log, (x + vx" - 1) = cosh-1 x 

P =cash-' ( l + �) .. .. .. .. ..... .. . (15) 

Equivalent 1t-Circuit. 

By considering Fig. 22 :-

Again, as in the case of recurrent T sections, 
let there be an infinite number of 1t-sections, 
each with propagation constant P. Then : -

Substituting for Z0 from equation ( 16) :-

which is the same as equation (14). 
(. z ' 

:. P = cosh-1 r + -i ) ........... .... .. ... ( 1FI) 

NOTE.-Expressions (15) and ( 18) are identical, 
and therefore the propagation constant per 
section is the same whether the structure is 
considered as an infinite number of T or 7C
networks. 

SECTIO]'; l). 

Attenuation Constant of Lump-loaded Line.-Camp
bell's Formula.-" Cut-off" Frequency. 

Let d miles be the coil spacing. Then each 
loading coil section can be represented by a 
T-network. 

Let y = propagation constant per mile of un
loaded cable 

y' = propagation constant per mile of 
loaded cable 

Zc = loading coil impedance 

Then, from equation (15) of Section 8 :-

Z, 
Cosh yd = 1 + · z -

Also cosh y'd = l + 

+ 

Z1 + Z2 
-----Z- - --- .......... (I ) '2 

Z2 

Z, _ (?l 
2Z2 • • • · • · · · • • · · · • · · • · '" 



OUTLINE NOTES ON TELEPHONE TRANSMISSION THEORY. 149 

Hence from (1) and (2), and since Z2 
Z0/sinh yd, 

Cosh y1 d = cosh yd + sinh yd ...... (3) 

which mav he written 

/(Loaded Line)= �- cosh-1 {cosh yd+ 

ze ·r Z 
sinh yd ................ . . (4) 

2 '0 

and is Campbell's formula giving rigorously 
the propagation constant per mile of loaded cable 
in terms of the propagation constant of the un
loaded conductor (y), the impedance of the load
ing coils (Z(') and unloaded conductor (Z0) and 
the distancf' hetween coils (d). 

... 

zoo 
I 

,., 

.... 

,., Ii 

"' / w 
-� � v 

''" 
30Z5201l5 12 10 9 8 7 6 " J " " 

Co,/� ,txv· Srnoof"h Wou.., �lw-15rh 

FIG. 26. This family of curves has been drawn for different 
weights of conductor by using Campbell's formula for lump 
loaded line and equation (18) of Section 2 for a smooth line, 
to obtain the ratios given by the ordinates. 

This formula usually involves much laborious 
evaluation, unless specially prepared charts of 
complex hyperholic functions are used, and for 
practical determination of y1 various other 
approximate formul� have been evolved. As 
an example of such approximate formul� see 
H. F. Mayer in Telegraphen and Fernsprech
technik, Part 6, 1927. See also References at 
end of Section 9. 

Note !.-Referring to Campbell's formula, 
equation (4), if values of y1 are plotted against 
frequency it will be found that in all cases y1 
experiences an enormous and sudden increase 
when a value of frequency is approached such 
that:-

2 
w =-...... = (5) dvCL1 

•
• • • • • • • • • •  · • • • • • • • • • • • • · • • • • • • • • • • • • • • •  

where L1 = total inductance per mile including 
coil, and C = total capacity per mile. See Fig. 
26. At this critical or " cut-off " frequency the 
wave-length of the circuit is related to d, the 
spacing as follows : -

Let we be the cut-off pulsatance, 

a �  We ./CL1 .................................. (6) 

and 
27r 

A= � . . . . . ...... .. .............................. (/) 
a 

At the critical frequency, 

2 2 

27r 
Hence A = 

Wc V CL, 
ird .... . .... ... . .... .. . (8) 

,,- I r-�- 1 �·1-:T�-�( 
I,. i � ·-'-

' J I / 
i r 

I " 
: '&brl."an.s .,,,, 
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y 
/I 

1"/eb I 

v 

,, 

/ : 1Y I v 
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FIG. 27.-TYPICAL ATTENUATION AND WAVE-LENGTH CHARAC

TERISTICS FOR MoDERN Corr.-LoADED REPEATER SECTIONS 

OF CABLE. 

A-25 lb. 
B- '' 
C -40 lb. 

conductor, 120 mH at 2000 yds. 
44 mH ,, 

15.5 mH ,, 

From equation (8) and Fig. 26 it will be seen 
that there are ir coils per wave-length at the cut
ojf frequency. (See Section 7, pp. I., on coil
loaded lines). 

Note 2.-By considering the foregoing Sec
tions 8 and 9, it will be seen that a coil-loaded 
line must terminate in a half-value loading coil 
(or half loading-coil section length) for smooth 
propagation, i.e., for absence of reflections, etc. 

Note 3.-The influence of the spacing of the 
coils in the cut-off frequency can be seen from 
equation 5 and the following example:-

Example I. - Calculate the approximate 
theoretical cut-off frequencies for a circuit hav
ing C = 0.065 µF per mile and loaded with : -
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(1) 15.5 millihenries at 2000 yds. spacing. 
(2) 44 mH. at 2000 yds. spacing. 
(3) 120 mH. at 2000 yds. spacing. 

The cut-off frequency f, 

equation (5). 

For the 15.5 mH. case f,. 

Similarly for the 44 mH., 
fc � 5,700 p.p.s. 

For the 120 mH., 
fc � 3,000 p.p.s. 

T 

"\/ I 5 · 5 X .07 4 

9,700 p.p.s. 

In connection with this example, See Fig. 27, 
which shows some actual measured attenuation
frequency curves for circuits loadC'd as in the 
above example. Note the close agreement of 
actual with calculated cut-off frequencies. The 
larger conductor (40 lb.) in the case of curve C 
accounts for its attenuation over the frequency 
range 400-4000 p.p.s. being nearly the same as 
that for fJze CUr'L'e B,-a hem•ier loaded circuit 
which has 20 lb. conductor-the lower resistance 
in the case of C kC'eping the ;1ttC'nuation of C 
down to that of B. 

Example 2.-A cable has the following con
stants:-
R = 88, C = 0.054, L = 0.001, G = 5 x 10-6• 

\\That inductance per mile must be added to 
make the circuit distortion less? If coils of 17 5 
millihenries be used, \vhat spacing will be neces
sary? Calculate transmission equivalents per 
mile of the cable before and after loading. 
Neglect resistance of loading coils. [C. and G., 
19Jl]. 

Assuming R is in ohms, C in 1�F, L in Henrys 
and G in mhos per mile loop, then, from the 
formula in Section 3, LG = CR, the required 

. d . ,_ 0.054 x 88 
H m uctance -. 6 _6 per mile loop. IO x5x10 

From this consideration only the spacing is 
� 324 yds. 

The transmission equivalents will be given in 
Section 10 of these notes. 

Useful References for Sections 7 to 9 :-

" Transmission Circuits for Telephonic Com
munication," by K. S. Johnson. Published 
b,· the Librarv Press, Ltd., London. 

"Tel�phonic Tr;;nsmission," by J. G. Hill, 
(Chapter IX.). Published by Longmans, 
Green & Co., Ltd. 

" Telephone Transmission," bv J. E. Statters. 
I.P.O.E.E. Paper 101. 

".\ttenuation of Coil Loaded Lines," bv H. F. 
l\Iayer. T.F.T., Part 6, 1927. 

SECTION IO. 

Elementary Considerations of the Transmission 
Efficiency of T elepbone Circuits. - Trans
mission Units Used. 

It is of little use to have a telephone system 
over which a large volume of sound is trans
mitted unless the quality of the received sound 
is of such a standard as to render the reproduc
tion easily intelligible; and equally undesirable 
to have a system which has a very high 
standard of reproduction but so 1 ittle received 
nJ!ume as to render it almost unintelligible. It 
therefore becomes necessarv to provide means 
for measuring and compari�g both volume and 
quality of received sounds when dealing with 
parts (terminal apparatus, intermediate appar
atus, connecting lines, etc.), or the whole of a 
complete transmission system. To this end 
certain standard reference systems have been 
devised and the European l\Iaster Reference 
System, situated in Paris, (which is a replica of 
the Master Reference Standard used in America) 
represents the present stage in the development 
of an absolute international standard--(See Sec
tion 11 of Notes). 

There are thus two main factors which deter
mine the intelligibility of a telephone system 
(i.e., its overall efficiency for transmission of the 
meaning of ordinary speech sounds used for con
versation), viz. :-

( 1) Volume efficiency which determines the 
ratio of acoustic power, or volume, of 
the sounds received over the system to 
the sent power. 

Articulation efficiency which determines 
the quality or faithfulness of repro
duction of the transmitted sounds. 
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In addition to the influence of the above two 
factors, upon the intelligibility of the system 
there will be 

(3) Cross-Talk and over-hearing-i.e., inter
ference from neig·hbouring telephone 
circuits. 

( -) j 

Cross-fire, i.e., interference from tele
graph circuits. 

Noise extraneous to the terminal appar-
atus, i.e., room noises, etc. 

(6) N oisc in the circuit itself, i.e., bad joints, 
microphonic '' frying '' noises, etc. 

(7) Power-Circuit interference, i.e., princi
pally the influence of the higher 
harmonics of an A .C. power-supply 
frequency and of the ripple in the case 
of D.C. supplies. 

A brief consideration of these factors and the 
units concerned follows:-

(Section rn lo be continued.) 

A SUGGESTION TO EXTEND FACILITIES IN RESIDENTIAL AREAS. 

12, Lothian Road, 
Stockwell, 

S.W.9. 

April 21, 1931. 
The Managing Editor, 

P.O.E.E. journal, 
,\lder House, E.C.1. 

Dear Sir, 
Enclosed please find a scheme by which the tele

phone system of this country could be extended. If 
you deem it worthy of publication in the P.0.E.E. 
Journal, to which I subscribe, I should be greatly 
obliged. 

Yours faithfully, 
;\, L. MARRIOTT, 

Youth in Training, 
Brixton External. 

SCHEME FOR THE PROVISION AND EXTENSION OF 
TELEPHONES !N RESIDENTIAL AREAS. 

Houses or flats in the course of construction 
under Local or National building schemes that could 
be classified as Telephone property. 

(11) The builders or governmental authorities 
responsible for the building be approached 
and arrangements made for the payments of 
the hire charges as outlined below, and also 
for the installation of plant. 

(b) 

(c) 

(d) 

(e) 

That where the houses arc intended for sale 
by monthly or quarterly payments off a 
mortgage, the deposit and quarterly hire 
charges be included in the repayments of 
mortgage made by the tenant-subscriber to 
the firm or local authority holding the 
mortgage. 

The cost of the calls made by the subscriber 
to be invoiced to him in the usual manner. 

In the case of houses or flats intended for 
weekly rental the deposit and quarterly 
charges be added to the rent in the form of 
weekly payments. The cost of the calls per 
quarter to be credited to the subscriber in the 
usual way. The quarterly hire charges to be 
collected from the owners of the property. 

In the advent of a house or houses qualifying 
for a government subsidy, a liaison could be 
established with the Ministry of Health for 
the purpose of ensuring that the applicants 
for the subsidy would be willing to allow 
the G. P. 0. to instal plant in the property. 

Sun11nary and Advantages. 
It would enormously increase the demand for 

telephones in residential areas. 
The chief bar to the extension of the system in 

residential areas is due to the deposit and quarterly 
hire charges. With the removal of this bar, the 
extension of the system would be greatly facilitated. 



DEVELOPMENTS IN THE USE OF VERY SHORT RADIO WAVES. 

A
BOUT the year 1924 it began to transpire 

that short radio waves, that is to .say, 
waves below 50 metres in length, had 

unsuspected propagation properties and that by 
their use it was possible to obtain communication 
over long distances with powers which would be 
hopelessly inadequate with longer waves. As a 
result of this discovery, great activity was mani
fested all over the world in opening short-wave 
services for long distance communication. It 
soon became evident that for long distance work 
the lower useful limit of wave-length was about 
12 metres and that for waves shorter than this the 
range was extremely restricted. In the light of 
our present knowledge, we know that this is due 
to the fact that waves of between 12 and 50 metres 
length are reflected efficiently by the medium in 
the upper regions of the atmosphere, and by 
repeated reflections are projected for great 
distances. 'Vaves helow about 10 metres in 
length are not reflected and in consequence tht>ir 
range is limited to that of the direct ray. The 
range is short because obstructions in the path 
of the ray, including the earth itself, readily 
absorb the energy in the wave. 

As a result, it is generally desirable, if not 
essential, that there should be a clear and un
obstructed path between the transmitter and the 
receiver for these very short waves. That is to 
say, they require a clear optical path and in 
many ways the characteristics of these waves 
resemble light waves. Directive transmission is 
readily achieved, either by means of metallic 

reflectors or by small antenna array systems, 
both of which can be made extremely effective on 
these wave-lengths. The fact that the radius of 
action of these waves is definitely limited 
suggests a number of useful applications for 
them. For example, one of the disadvantages 
of broadcast waves between 200 and 500 metres 
is that they cause disturbance over distances 
much greater than their useful range. For 
broadcast relay stations the very short waves of 
the order of, say, 5 to 10 metres seem particularly 
suitable. They are also suitable for low power 
short range services, such as between islands and 
the mainland, or across narrow estuaries or 
channels. 

The simplest way of producing these short 
waves is by means of a spark discharge, as was 
used by Hertz in his classical experiments, which 
were conducted with waves of this order. Ow
ing to its disturbing effects the use of spark 
apparatus is forbidden by international conven
t ion. It is possible to generate waves between 
12 metres and 1 metre in length by ordinary 
three-electrode valves having coupled grid and 
anode circuits, as are used to generate longer 
waves. For the generation of waves shorter than 
about 1 metre in length, other arrangements are 
necessary, as the dimensions of the internal 
structure of the valve play an important part in 
determining the wave-length generated. There 
are two well-known types of valve oscillations 
capable of generating these waves, known as the 
Barkhausen-Kurz oscillations and the Gill-
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Morrell oscillations. In each system, the grid 
of the valve has a positive potential in respect tn 
the filament, \\"hile thl' anodf' is al zero or al a 
negative potential in respect to the tilament. 
Oscillations are set up by t'lectrons in the intcr
f'lcctrode space, eitlwr bet\Yeen the plate ;111d tlw 
cathode. or lwtween the grid and the plate. The 
frequency of the Barkhausen-Ku rz oscillations 
is dc>term i ned sol eh· bv the electrode dimension s 
and tlw appliPd potC'ntials, whilP the frequency 
of the Gill-�'Iorrell oscillations arf' determined 
exclusivt'h· bv tlw circuits con n ected lo tlH• v;tlv<' 
;111d not h�· the electrodc potentials. 

General Ferrie has now appeared in the " An
nales des Postes " of April, 1931. 

Using wavrs of 1 i ems. in conjunction with 
circular mirrors of 120 ems. aperture, telegraph 
communication has bPen obtained up to Ji km., 
and using small cylindric parabolic mirrors of (io 
ems. apPrture, tf'lephonc co111111unic;1tion has 
hecn nhtairwd up to 7� km. 

The Labnratoirf's Standard, Paris, have 
rcn·ntly used \\aves of 10 ems. in an experi
mental radio t!'l(·phone circuit bf'tween Dover 
and Calais, and :1 dt>monstration of the working 
of this s\·stem \\·as gi,·pn on 3 1 st !\larch, I<)JI, 

F11;. 1.-Tl{.�NS�llTTEH ,\'.'>D RECEIVEH AT DOVEi<. 

The lower limit of wa,·e-lt>n gths llf tlwse oscil
lations appears lo be of the order of 12 ems. 
Research work on the practical utilisation of 
these short wan's for transmission has been 
carried out by a n umber of experimenters, 
notably Uda in Japan , and Pierret, Beauvais and 
Gutton in France. Uda used waves of ahout 
50 cm. and obtained telegraphic communication 
up to 39 km. Particulars of the French experi
ments have been published from time to time 
and an interesting summary of this work by 

lo a brg1· and influential audience, including 
prominent representatives from Government 
sen·ices and the press. The install<ition con
sists of a transmiltt>r and receiver at each plact' 
so that two-way conn·rsation is possible. 

Fig. I shows the transmitting and receiving 
installations, while Fig. 2 shows a more detailed 
view of the transmitter. The transmitting and 
receiving valves are each situated near the focus 
of a paraboloid mirror of about 200 ems. aper
ture, a small antenna external to the valve being 
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The micru-raciion is h011S<'<I in the >mall casing seen in 

foreground. lmmC'dialC'ly in front or ii is the one· 

inch aeri:il. 

::irrang;ecl at the focal point. In order to prevent 
unreAectcd divergent radiation from the antenna, 
a smnll serni-hemisplwrical mfrror is placed out
side the antenna so that all forward radintion 
from the antenna is reflected hack to the para
boloid reflector. Due to the use of mirrors at 
<'ach encl a gain of 52 decibels is obtained: this 
represents a gain of 26 decibels at e>ach mirror, 
which is as hig·h as that obtained with a high 
efficiency antenna array on waves of about 16 
metres. 

The actual details of the valve used for this 
circuit have not yet been published. The quality 
of transmission obtained over this circuit is excel
lent and suggrsts that a wide field of usefulness 
is open to development , particularly for cross
channel services of this kind. 

Very little information is vet available as to 
the frequency spacing necessa

.
rv between services 

located near each other but, p�esuming that this 

F1<:. 3.-l:-<n:1<1-:sn:n Sl'ECT.IT<•t<s. 

Col. ..; ; ,. T. F. l'un"'· (";ipl. [l;11·i<'- (\l:iyor of ll1•:d) . 
. \lr. f.. Simon (Din·clor of Td .. gr;iphs and T<'lqihnnrs). 

Left background. \lr. (;. F. Greenham. 

is not abnormal, the number of channels avail
able� on t hese wa,·e-IPngths is stupendous. 
Assuming a frequency spacing of roo kilocycles 
bf't wpen sen·ices, on \\·a\·e-lf'ngt hs hetwePn 16 
ems. and 1 mctff• it would be possible to operate 
contiguously 15,000 channf'ls. If a frequency 
spacing of 1000 kilocyclt>s is found to be neces
sary, we shrHlld still h:1n� 1500 channels avail
able. Even at the present rate of growth this 
\\·ntdcl provide all tlw cross-channel circuits for 
man\· \'Cars 1n cnnw. 

BIBI.IOGRAPHY. 

Hollman. "Electron Oscillations in a Triode." 
Proc. I.R .E., February, 1929. 

Uda. " Radiotelegraphy and Radiotelephony 
on half metre waves." Proc. I.R.E., June, 
1930. 

Faric. " Radiotclcgraph and Radiotelephone 
Transmission with very Short Waves." 
" A nnales des Pastes," April, 193 l. 

The first and third of the above mentioned 
papers contain comprehensive bibliographies. 



FREQl: E:\CY .\I L\SlrR E\I E \T T l :\ THE BR ITlSH POST OFFICE. I - -:i:i 

FREQUENCY MEASUREMENT IN THE BRITISH POST OFFICE. 

F. F. :\\'.\T\RIW\\", .\.R.C.Sc., ,\ . .\f.l.E.F. 

P
.O. FREQL'E.YCT ST.l.\'O.IRDS.-ln 

the Radio Department of the British 
Post ( )ffice, all frequencies are measured 

by rt'ference tll tlw harmonic frequcncif's of a 
tuning-fork maintained in tlw Radio Labora
tories at Dollis Hill, London. This fork can Ill' 

regarded as the Post Office standard of frequency 
;tncl it is arrang;ed that tlw frequency of vibration 
of the fork can he cl1eck t'd at ;111v time ln- corn-. . 
parison with unit time as obtai1wd dirf'ctly from 
the ( �reen \Yich Observatory. 

Fork a11d Temperature Conlrol .-The fork is 
of c>l i nYar of tlw typ<' now genPrally known and 
is used for dri,·ing a multiYihrntor 1·quipment. 
In the Post Office equipment, thl' fork and its 
associated dri,·ing y;tln� an� cont;1ined in a small 
unit \\·hich is separatt•d from tlw main multi
Yibrator apparatus. This unit is cuntaint>d 
"·ithin the inner span• of a double oven, each 
span· of \\ hich is thermostatically controlled. 
Tht outside dinwnsinns ()f this oven are 3 feet 
x 3 f<·et x 3 f<'t't, and tlw in1wr ()\·en is mounted 

symnwtrically within the spac<' of the outer, with 
an ;1ir spaet' of() inches between thf' inner walls 
of tlw oult'r and the outer walls of tl11· inner oven. 
The actual fork equipment is mounted sym
nwtically within the in1wr span· of the innt' f 
m·pn. Tlw construction llf the 1 ,,·ens follows 
recognised lines, the ovens being made up of 
layers of heat-insulating and heat-distributing 
materials. A photographic view of the interior 
of the ovens is given in Fig. l. 

The temperature of the outer oven is main
tained at about 25°C. by means of a bi-metallic 
strip thermostat. The heaters for this oven are 
distributed over four of thP faces of the inner 
heat-distributing layer and the thermostat is 
mounted on one of these faces. The heaters of 
the inner oven are distributed over four of the 
outer faces of the inner heat-distributing layer 
and the thermostat is also mounted on one of 
these faces. This thermostat is that associated 
with a Cambridge Instrument Co.'s Record
ing Thermostat (See Fig. 2) and the control 
is such that the heat cycle is of the order of 
eight seconds and the temperature variation of 

tlt1� heat-distributing lay<'r is not gn•at1·r than 
± .05°C. l 1nder these' conditions it can he 

pnisumed that th1· actwtl temperature Yariation 
of the fork is not greater than ± .01°C. and, 
since the tcm1wratun· co!'fficient of the fork is 
+ 5 parts in 1d p1·r 1°C. ris<' in temperature, it 

can hi' safely assumed that the change in fre
qtwncy of the fork on :1rcount of t<·m1wrnture is 
nc>Yer greater than 5 parts in 10". 

The tern peratu re of the> inner m·en in "·h ich 
the fork is contained is maintained at about 
30°C., this temperature hc�ing; chosen to ensure 
that the fork is ahYa\·s abnYP the summc>r 
tern pc rat u re of the room in which the m·en is 
kept. .\t this temper;iture tlw fork vibrates at 
rnoo.ooo c�Tlt's 1wr second and the temperaturf' 
of the inner oven was critically adj usted to pro
cure this result. 

Pressure Eff<'cl.-Thc� extent to which changes 
in pressure contribute to the y;1riatinn in frE'
quency of the fork are under investig·ation and 
at the present tinH· the fork is not sealed against 
the effect of pressure changes. In <lily case, die 
fork is 111aintai1wd under conditions whereby 
frcqul'nt comparisons l\·ith unit time arc made 
and IH'nce <lll)" ch;l llg<' due to pressun• ncco11nt<'d 
for. 

1'1G. 1.-nonu.r·: OvE�. 
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Syphon Recorder Barograph ---� Recording Thermo$t11t 

Fm. 2.-TJMING GEAR, ETC. 

FIG. 3.-MU!.TJVIBRATOR. 

� Effect of load on Frequency.-An intermediate 
circuit is interposed between the fork circuit and 
the multivibrator to minimise any possible effect 

upon the frequency of the driving circuit due to 

the reaction of the load. The multivibrator 
equipment is shown in Fig. 3. 
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Determination of Absolute Frequency of Fork. 
-The method adopted in obtaining a com
parison with unit time depends firstly upon 
utilising an output from the intermediate circuit 
following the tuning fork and, after amplifica
tion, causing this to drive a phonic motor. The 
particular phonic motor used is constructed by 
General Radio Co. and is designed to reduce 
hunting to a minimum. It is equipped with a 
cam which makes contact every second, provided 
that the frequency of the controlling source is 
precisely 1000 cycles per second. The motor is 
also geared to a clock which, at this frequency 
of control, is arranged to record accurate time. 

The contacts which are operated by the cam 
are in circuit with one of the coils of a double 
coiled syphon recorder, so that a record is made 
on the tape each time the cam closes the con
tacts. The other coil of the syphon recorder 
is energised either from the current impulses 
received hourly from the Greenwich Observatory, 
or by the time signals emitted from the Rugby 
Radio Station. These latter signals, which are 
sent out at 1000 GMT and 1800 GMT respec
tively and maintain a time interval seldom in 
error by more than .01 second, allow of a long 
period check of the frequency of the fork, whilst 
the hourly signals allow of a shorter period 
and, incidentally, because of the slightly less 
reliable time interval, slightly less reliable com
parison with the unit time. 

Fig. 2 shows the lay-out of the phonic motor 
and amplifier, the Cambridge Instrument Co.'s 
Recording Thermostat, Barograph and Syphon 
Recorder. 

The velocity of the tape of the syphon recorder 
is such that the second marks from the phonic 
motor are separated about three inches, and the 
error in measuring the displacement of the two 
records, i.e., the record from the phonic motor 
and that derived from the time signals, does not 
exceed .02 inches. The error in frequency 
estimation due to this cause should therefore not 
exceed .0066 parts in 28,800 when operating on 
the long period comparison, i.e., 0.23 parts in 
10

6
• The error due to the possible deviation of 

the signalled period from exactly 28,800 seconds, 
i.e., .01 second, gives rise to a frequency error 
of 0.35 parts in 10

6 and hence the total maximum 
error in this method of comparison is of the order 
of 0.58 parts in 106• With a shorter interval for 

comparison, the error due to these causes is of 
course correspondingly increased. 

These estimations take no account of possible 
frequency changes due to pressure, but as stated 
previously, the effect of pressure in this connec
t ion is under investigation. 

Application to Measitrements.-The standard 
fork maintained as previously described is 
caused to control the multivibrator equipment 
of fundamental frequency 1000 cycles per second 
and 20,000 cycles per second in the manner 
described by Dr. D. W. Dye in the Philosophical 
Transactions of the Royal Society Series A, 

Vol. 224. 
Equipment is maintained in the Radio Labora

tory in intimate association with this apparatus 
for receiving signals of frequencies over the 
commercially worked range, and for relating 
these frequencies to the harmonic frequencies of 
the tuning fork. 

Measurement of Low and Medium Radio 
Frequencies .-The method relies upon the 
utilisation of two beating or heterodyne oscil
lators used in connection with a receiver. One 
of these oscillators, called the beating oscillator, 
is of the type which would be normally used with 
such a receiver, whilst the other, termed the 
comparison oscillator, is of special construction 
in that it is designed to maintain constant fre
quency with variation in load, H.T. or L.T. 
supplies, and its oscillating circuit is arranged 
to have maximum capacity. This capacity is 
made up of two parts, one much smaller in value 
than the other; the smaller capacity has the form 
of a specially designed variable condenser hav
ing a very large and finely divided scale, whose 
capacity change is proportional to change in 
scale reading. 

The operation of measurement of frequency of 
an incoming signal is as follows. The signal is 
received in the normal manner, using the beat
ing oscillator, and the comparison oscillator 
adjusted to exact synchronism with the incoming 
signal by the well-known method of double beat
ing. The reading of the scale of the variable 
condenser on the comparison oscillator is noted, 
and from the multivibrator apparatus consecu
tive harmonics are selected, such that their fre
quencies synchronise with frequencies of the 
comparison oscillator corresponding to settings 
of the variable condenser lying respectively 
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abm·1· and lwlo\\· tlw n·;1ding r>htained for 
synchrnnis111 with tlw incoming sig·nal. Tiu• 
frequenc_,. ()f th<' incoming signal can then })(' 
ohtaint•d hy interpolati()n hl't\\'(>tn the three read
ings ()f the co1Hfrnser, since the frequencit>s 
corresponding tn tilt' selPcted harmonics are 
knm\'n. 

:\ormally. trill' harmonics of the tuning fork 
arc utilised for tlw interpolation, i.t'., the inter

polation is carried 0111 ,,·ithin a frequency space 
r1f toO'> cycles 1wr second, hut if greater accuracy 
is n·quin·d this inlt'n·;d can lw reduced to any 
rnnn�ni�·nt integral fracti()n of this frequency 
int(·n·al 

.\frasun•111c11/ of .llcdium High a11d High 
l?adio Fri't/UC11cics.---Tlw 11wthod employed for 
the measun·nH·nt of .\ledium Hig·h and High 
Fn·qu(,ncit'S is similar in principle to that alread:

described, inasmuch as it n·lies upon th(' adjust
ment of an int<'rpol<1ting· condenser to svn
chronisc ;111 oscillator \\'ith the incoming signal 
and \Yith harmonics of a sourc<� whose funda
mental freqrn·ncy is a knmn1 multiple of the 
tuning-fork freqtwncy. 

In this s_,·stem tlw output from eitlwr the Lo\\' 
or Hig·h Frequency .\fultiYilm1t<>r is passed 
through an amplifier, 1 lw output of \\·hich i� 
caused to control 1lw frr·quenc:· of an oscillator 
which "·ill hr• tt>rnwd the rden•ncf' oscillator. 
Ry this means t lw rcforf'nce osci Ila tor c;m l>f' 
caused to oscillate at an:· h;1r111onic frequenc:· up 
In lhe three· h11ndwdth of tlw Low Freqw�ncy 
.\Jultivihrator ;1nd it is ca librated al rnriuus of 
these harmonic frequencies. Tlw harm onics of 
this refrrcnn� oscill<ttur an· us('d as reference 
points \vhen nwasuring; t ill ' frequ1�ncy of an in
coming sig·nal, ;1s dl'scrilwd lwlow . The refrr
t•nce oscillator, as us<'d fur the measurenwnl of 
hig·h fr1·qu1•ncil•S, is t ints an;tlog·ous lo lhl' L<n\· 
Frequency .\lultivihrator ;1s us(•d for the measure
ment of low frequencies . 

. \nothcr oscillator , ((·rnwd tl11· n>mparison 
oscillator, with ,,-host> tuning circuit is associatC'c! 
the special int!•rpolating conul·nser, is used to 
obtain tlH! actual signal fn:quenc-'· measurement. 
The oscillator is syncl1rnnis1·d alternately ,,-ith 
the signal and ,,-i th t ,,-u harmonic frequencies of 
the reference oscillator situated on either side of 
il11· signal frt·quenc_,- and the n·t111in·d freq uency 

1>htai1wd by inlt·rpolation. 
Th us it is possi bit'. to synch ron ist' the reference 

oscillator to such an order of harmonic , say the 
11th, of till' Low Fn·qtwncy .\ lultivihrator that 
thl' mth harmonic for tlw oscillator is less than 
111 kc/s('C: (assuming· the tuning· fork frequency 
is 1 kc/sec) remoYed from the fr<�quency to he 
meas11rt·d. If now 1 lw n·fore tll'l' oscillator be 
synchronised ,,·i1h th1· (11 ± r)th harmonic (the 
s ign !wing· dependent upon whPther the fre
quency to lw measurl'd \\·as abm·e or below the 
harmonic fn�quency aln·<tdy dealt ,,·ith) then 
till' mth harnwnic of thl' reference oscillator at 
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this fundamental frequency will g·ive the second 
interpolation point, from which the incoming 
signal frequency can be obtained. 

If in the above description, n is assumed to be 
300 and a frequency of the order of l 5,000 kc/ sec 
is to be measured, the harmonic number m 

would be of the order of 50 and hence the inter
polation interval 50 kc/sec. 

The comparison oscillator in association with 
the short-wave receiver used for obtaining the 
signal can be set to absolute synchronism with 
the signal and <dso to synchronism with the two 
frequencies of the reference oscillator, which are 
spaced 50 kc/sec apart, and which are arranged 
to lie on either side of the signal frequenc:·. The 
signal frequency is then obtained by interpola
tion from the three readings of the interpolating 
condenser of the comparison oscillator. This 
condenser is of special design and consists 
essentially of a cylindrical plunger moving in
side a hollow cylinder, the motion being con
trolled hv a micrometer screw. The total varia
tion in capacity is of the order of l 2 µF and 
there is linear relation between scale reading and 
capacity change. 

For more precise measurements than can be 
obtained as described above, it is arranged that 
the reference oscillator is set such that the 
harmonic combination nm kc/sec is less than, 
say, IO kc/sec from the frequency to be 

measured. The comparison oscillator setting is 
synchronised with this harmonic frequency of 
the reference oscillator and then successively 
with frequencies differing in steps of l kc/sec 
from this frequency until the setting correspond
ing to synchronism with the signal frequency is 
overlapped. In this manner the comparison 
oscillator can be set to two frequencies differing 
by r kc/sec, which are on either side of the 
signal frequency, and hence the interpolation 
interval reduced to l kc/sec. 

Thc> above procedure is that usually followed 
when it is required to follow small changes in 
frequency of a transmitter or when a very high 
degree of accuracy is required. \\Tith an un
known station it requires a preliminary measure
ment of the frequency by the method first 
described, but once measurement has been made 
checks can be made very rapidly and with an 
extremely high order of accuracy. 

Allowing for the possible errors in the 
standard as previously described, and using the 
l kc/sec interval method of measurement, it is 
considered that the maximum error in making 
frequency measurements on the medium high, 
and high frequency ranges should not exceed 
± 3 parts in 1o". 

The whole of the receiving equipment and the 
yarious oscillators as dt>scribed are mounted ll1 

rack form and are shown in Fig. 4. 

FREQUENCY CONTROL EQUIPMENT OF POST OFFICE 
SHORT-WAVE TRANSMITTERS. 

E. J. C. D1xoN, A.C.G.r., B.Sc., D.l.C. 

I. 

I
NTRODUCTION. - The first short-wave 
transmitters constructed by the Post Office 
consisted of self-oscillating single valve 

circuits, employing glass envelope valves of 
about 1500 watts dissipation, and the frequencies 
on which the transmitters operated were checked 
by means of simple waverneters of the absorption 
type. The frequency constancy was often little 
better than plus or minus 2000 parts in a million, 
due to variations in the supplies to the oscillator, 

\·ariations in the internal characteristics of the 
valves, changes in the values of the circuit com
ponents due to heating and changes in the 
antenna load with varying conditions of wind 
and weather. ,\s the advantages of tire short
wave channels becanw more apparent and more 
stations sought to transmit on frequencies in the 
commercial range, i.e., 3,000 to 30,000 kilocycles 
per second, it soon became necessary to restrict 
the variation of frequency of transmitters using 
this band. A demand for some method of fre-
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quency control of telephony transmitters also 
arose, owing to the peculiar phenomena asso
ciated with the transmission of modulated 
carriers at the high frequencies employed. 

The method in use for the frequency control 
of long-wave transmitters was the selection of 
harmonics from a valve-maintained tuning-fork 
oscillating at a frequency of the order of l 500 
cycles per second, and in order to extend this 
equipment to the very high frequencies it would 
have been necessary to instal a large number of 
harmonic selecting, filter and amplifying stages. 
A method of frequency control was therefore 
developed in which the constant frequency 
source was a piezo-electric crystal plate oscillat
ing at a frequency of the order of 1500 kilocycles 
per second. The frequency was raised to that of 
the required carrier, usually from 5,000 kc/sec 
to 20,000 kc/sec, by means of two or three 
frequency-doubler stages and the power level was 
then raised to ten kilowatts by means of amplify
ing stages at the carrier frequency. The present 
article describes typical equipment designed for 
frequency control of a high order of accuracy 
and is illustrated by photographs of the appar
atus recently installed for the telegraph trans
mitter GB M at Oxford Radio Station. 

The Quartz Oscillalor.-The brothers Curie, 
investigating piezo-electric substances in 1880, 
showed that all non-conducting hemihedral 
crystals became electrically polarised when 
caused to contract and became polarised in the 
opposite sense when caused to expand. Owing 
to its mechanical strength and chemical stability, 
quartz is the most useful of the natural piezo
electric substances and, since HJ22, when Cady 
developed quartz resonators and oscillators for 
frequency standardisation, the use of quartz 
plates and bars for frequency standards has 
greatly increased. The Post Office made use of 
quartz resonators in 1925 in connection with 
frequency standardisation and in an article by 
F. E. Nancarrow* it was stated that an oscillator 
could be set to the resonant frequency of a quartz 
rod with an accuracy of the order of 1 part in 
50,000, which was much greater than the 
accuracy with which the frequency of the oscil
lator itself could be measured. It is interesting 

*Journal P.0.E.E., Vol. d?, Part 2, July, 
i925. 

to note that the accuracy of frequency measure
ment using the M ultivibrator apparatus was rno 
parts in a million at that date, whereas at the 
present time the accuracy of measurement using 
similar apparatus with refinements and the pro
vision of a method of referring the frequency 
standard to G.M.T. is of the order of 5 parts in 
a million, while the accuracy of transmitters 
themselves can be made considerably better than 
100 parts in a million. The quartz oscillator is 
a thermionic valve circuit in which a quartz 
resonator is used as an oscillatory circuit of low 
decrement, in such a way that the frequency of 
oscillation of the circuit is mainly dependent on 
the dimensions of the quartz plate. There are 
several circuits which may be used and the one 
used by the Post Office has a tuned-anode circuit 
and a quartz crystal connected between grid and 
filament. Fig. la shows the original circuit, in 
which a 50 watt valve having an anode voltage 
of the order of Soo was used, and Fig. I b shows 
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F1l;. lb.-CRYSTAL OSCILLATOR CIRCUIT. 

the circuit in use at present with a P625 valve 
and an anode voltage not exceeding 120. In 
reducing the power of the oscillator, two advant
ages were gained, viz., (a) the heating of the 
crystal due to the high frequency current through 
it was reduced and therefore the variation due 
to the crystal temperature coefficient was reduced 
and (b) it became possible to use an air-gap type 
holder which reduced variations due to the upper 
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contact electrode and provided a vernier adjust
ment of frequencv \vhich is extremely useful. 

The method ci cutting the quartz �rystal plate 
may be understood by reference to Fig. 2, which 

z 

Frt:. 2.-SECTIO:\ OF vu.\i<TZ Ct<YST.\L. 

represents a section about an inch in thickness 
cut parallel to tbe lines of crystal grmnh, which 
may be seen on the faces of the crystal. The 
area of cross-section is seldom a perfe�t hexagon, 
but the angles between the faces are always 120 

degrees. OZ represents the trigonal · axis, 
usually referred to as the optical axis, and OX 
represenb one of the tlut>e diagonal axes, usually 
called the electric axes, which are parallel to th.e 
faces of the crystal. OY is one of the third or 

'' mechanical '' axes and is at right angles to 
OZ and ox.•:: The quartz plates are cut per
pendicular to an electric axis as shown in Fig. 2, 
in \\·hich case they are known as" X cut plates " 
or perpendicular to a mechanical axis, in which 
case they are call Pd " Y cut plates." Owing to 
the fact that the :\lodulus of Elasticity is not the 

•:' ,Y11le.-Thc " third " axes arc not axes of 
symmetry in o. 11r low quartz, but become axe� 
11/ symmetry 'lL•hc11 !.he quart::; is heated aboi•e 
570°C and is 110 longer pie:::o-electric. 

\'OL. XXIV. 

same in all directions through the crystal, the 
properties of X and Y cut plates are different. 
There are t\VO quantities \\·hich are of importance 
-(a) the relation bet\Yeen the thickness (x in the 
case <if the X cut crystal shown in Fig. 2) and 
the frequency of response of the plate, and (b) 
the temperature coefficient of frequency. The 
former quantity, ,,·hich rnav he called the 
" thickness coetticient," is usZ1ally expressed in 
kilocycles per second per millimetre and the 
temperature coefficient of frequency is expressed 
in parts per million per degree Centigrade. The 
differences bet\\·een X and Y cut plates may be 
summarised as under:-

Thickness 
Coefficient 

Temperature 
Coefficient 

X cul. Y cut.. 

2.0 kc/sec/mm. 

1- 70 parts/ ro" j°C. 

These are averag·e values, since the modulus 
of elasticity appea�s to vary from specimen to 
specimen of quartz crystal, and the value of 
temperature coefficient is complicated bv the 
fact that it is almost impossible to cause a �1uartz 
plate to oscillate in a single mode, i.e., com
ponents of other modes of oscillation than the 
thickness vibrntion are ah1ays present. Tlw 
trigonal symmetry of quartz and the fact that the 
modulus of elasticity varies with direction thus 
giw· rise to considerable difficulties in the 
practical working of a quartz plate, and in 
practice it is found that the X cut usually pre
sents less difficulties due to unwanted modes of 
oscillation. This prnpert:·, coupled with the 
fact that the temperature coefficient is invariably 
smaller ilian with th(� Y cut, has led to the ado1;
tion of :X cut crystals in Post Office practice. 

Tire procedure in producing a quartz plate is 
as follmvs :-A section as shown in Fig. 2 is cut 
parallel to the lines of crystal growth and the 
section is examined optically, using light passed 
through crossed Nicol prisms, to detect flaws or 
twinning. If satisfactory, the section is marked 
with an electric axis by scribing a line parallel 
to a face. Lines perpendicular to the electric 
axis, separated by a thickness somewhat greater 
than that required for the finished plate, are then 
set out and tbe section is sliced along them by 
means of a lapidary's Sa\\ or wheel. Several 
plates of the same length (y) are usually cut of 

L 
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tlw sanw thil'krwss ;1nd \\llfkt'd in ;1 gang grind
ing machint• s<> th;1t thl' fan·s ;in· atTuratt·h· 
p<;rallel. Till'\. art• tlH'n t1·st1·d for pit>z11 t•lectric 
ri·sponst' in a 

.
tt·st circuit ;1nd ;1djustt·d by hand 

grinding· until tltt· <'<>rrt'ct fn·qut·nn· is givt>n. 
So11wti11ws it is n1·n·ss;1ry Ill n·d11<·1 .. till' leng1lt 
y or tilt' l1·11g1h .·:. s1i th;1t harintJnics of tJScillaticins 
<'t>rrt·s1H>tllling· 111 th1·s1· l1·ngths d11 n11t intt·rfrn· 
1\ilh tlw ri·quin·d thickrwss \·ilir;1ti11n and, o \\ing 
to tilt' cc1111plic;1t1·d n;1t11r" 11f lilt' n·sponst·s, then· 
;ire 11ft1·n disctJntin11itit·s 111 tlw tJScillations 
11ht;1irwd as tilt' thickrwss 11f tlw pl;11P is prn
g-ressin·l_\ n·duc<'d. 11 is thus tJftt·n nl'n·ssan· 
t11 pn·p;rn· st· \·1·ral pl.1t1·s in ordt·r t11 gt'! ont· cc1111-
pl1·tPly satisf;1ct11r�· s1wci1111·n. 1·sp1·ci;tll_\· \\hen ;1 
high ord1·r 11f ;11Tl!f;lt'_\· is rt'quin·d. 

It h;1s lit•t•n sl111 \\n Ii\· I hi·* that tilt' t•q111\·;1-
l<'nt t•li·rtrical circuit 11f a quartz n.\·stal is ;1s 
shmrn in Fig-. 3, in \\hich K2 n·1m·senls tilt' 

N K 

K, 

capacity 11f the air gap and tilt' rest of the circuit 
represents 1he qu:1rtz rr.\·stal. The rnpacity K t 

\\·ill, IH>1\«•1·er, include the stray capacity of thl' 
huldPr, and tlw natural frP<jtt('nry of tht' \\htJlc 
circuit will de1wnd on tlw Y<ilttt·s nf K1 and K2, 
i.I' .. tlw frequl'ncy of a g·in·n n_\·st;d \\·ill lw 
cliff Prent in hu\clPrs tJf diffrrt>nt capacitit•s or of 
clifferrnt ;1ir gaps. Th<' t'q1ri1-;1\ent cirrnit of tlw 
quartz oscillator is :1s shmrn in Fig. 4, in 11·hid1 
the dotted lines n·pn·sent tlw inter-electrode 
capacities ;111d conductances. Tlw frequency uf 
oscillation of this cirrnit \\'ill not be the sanw as 
the frequency of responst· of tlH· crystal as a 

resonator, and will depend to a small extent 1111 
tht> 1·all't' capacities and crmd1wt;1rwt•s and tilt' 
tuning· llf tlw anod" circuit L<. ·. This circuit ii;1s 
lwen full:· analysed hy I'. \'igoureu:'\t and t'Cllll-

<'.· Proc. l'hvs . . 1)oc. L1111d. 19:.dJ, 38. 

t J. Ins/ .. }�'/eel. Engrs. 19311. rX. 
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p;1red \\ ith ;1 si111ilar cirn1i1 in \\ hich the crystal 
is c11rnwctt>cl het \\.t'('n the grid and anode of the 
l'al \'\·. 

The magnitudt• of the 1-:1ri<1tions that arl' likely 
tu occur in a quartz oscillator has lw(•n found for 
t_\·pical crystal plates, and an· as under:-
Tern peratme-25 pa rt s IH'f 111i11 ion pl'r degn·e 

<. 'entigrad(· . 
. \ir trap-;io parts per 111illi1m pt•r 111il air g·;1p. 
.\node Tunt>-30 parts 1wr million m·er full 

range uf oscillation . 
. \nude Vultagl' less 1h;1n 1 part pn 111illiun per 

I 0:, change. 
Filament \'ultage less th:111 1 part per million 

per t �{. change. 

To acliie\'\, tl1t· :1ct·uran· rt·quin·d, liw cnslt1b 
;111d the 11s1·ilbtor an· 1·ncl11st·d in ;1 thermtJSlal-
1·ontrnllt·d 11\'en, tli11s n·d1wing \·;1riation in 
k111perature to ;1 small a111ount ;1nd precluding 
till' possibility tJf :illl'ration of the air gap or of 
the anudc tww, \1·hile the supply voltages arc 
derived fru111 the most constant source available. 
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F11;, 6.-1'.-.ias OF Ut.•.11<TZ C1nxr.11. I loJ.DEI<. 

The temperature of 1he un·n is usual!\· adjus1ed 
to 50°C. and tlH· bimetallic lhenn;Jstat

.
s ;ire 

capable of maintaining this rnlUl' to ± o.25°C. 
In testing quartz plales su ppliec.1 liy manufac
turers a stanc.larc.1 crystal holder is prm·idl·d anc.1 
the oscillators an· tested with the stanc.lard cir
cuit at 50°C. Tests of the quartz plate as a 
resonator an· also made to check that there are 
no spurious " crevasses " near th<' required fre
quency. 

Desc-riptiou of <Juar/::; Oscillator and O'ucn 
Equipmenl.-The standard holder at present in 
use is shown assemblt>d in Fig. 5, while the parts 
are shown in Fig. 6 and consist of a lower 
electrode with contact blade, a metal spacer, an 
upper electrode support with mic rometer variable 
electrode and contact blade, and a micrometer 
cover. The crystal plate, which is roughly one 
inch square, rests freely un the lo\\er t•lectrode 
and its movement is limited by the spacer which 
is just greater in diameter t ban the longest 
dimension of the cr�·stal plate. The holder is 
clamped up b)· four nuts and the air gap may be 
read to I/ w,ooo inch Ii.'· means of the micro-

Fie;. 7.-Ut • .11<Tz Osc11.1..1Tu1<s, T11E1<�1osT.1T ,1:-;n OvE:-.. 

F1<;. s.-01·.11<Tz n�c11.1..1Tu1< 01·EN. L«.•r-:1>1-:�sE" l'.1�E1. 

IN l'OSITION. 

meter head. The n>,·er is SlTl'1n:-d in pos1t1on 
when the final adjustm!'nt lws been made to 
prevent subsequent alteration of the air g·ap. 

Fig. i sho\\s ;in o\·t·n \\·ith t\\o similar quartz 
oscill;1tors. The on•n consists of two she I Is 
uf aluminium separn ted h:· th ree layers of 

FIG. 9.-J{E.\R VIEW UF OVEN. 
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·� Ce1utex ''-a building· 111ateriltl 111anufaclured 
from cane fibre. The crvstal holders rest on ;1 
metal housing containing the on·n heaters . 
bimetallic helix tlwrnwstat and nickel resistann� 
thermometer. The arm l 'arrying the thermostat 
contact is seen to the left of the heater housing, 
together with the \\or111 gear b_,. means of which 
the operating temperature of tlw helix mav lw 
adjusted. Behind the cn·stal holders are 

.
seen 

the vah·cs and the output blocking condensers . 
,,·bile abO\·e are seen the anode coils and tlw 
mercury s\\'itch which selects the output from 
either of the oscillators. The anode tuning: con
densers are mounted on a mycalcx panel �vhich 
is connected to tlw circuit h,· s\\ itd 1 contact!' s1> 

that access to the interior c;f the O\-en mav lw 
readih· obtained. Fig. 8 sho\\S the cond�nse1 
panel in position , and Fig. 9 slw\\·s a rear view 
of th<' oven and i llustrates the rows of switch 
blades mounted on mvcalex bars hv which tlw 
various supplies are co

.
n nected to t h; oven. The 

corresponding connections arc carried on a panrl 
(Fig. 10) which scrvt's fur switching and meter
ing the supplies to the oscillators. The switches 
and meters are described by the labels on thr 
panel and there are, in addi t ion , t\\'o fuse alarm 

(i'u11ti1111ed fru111 pugc 1(J(J)-
lo eight or eYcn lo scn·n aftn bl'ing cun::;iderl'li by 
the Sn-rdan· ! HoWl'\"l'I", 011 ()ill' occasion sonw 
" abscnt-min.<kd beggar " drl'\\ 0111 the wirl's ;111d 
left an empty pipe ! It \\·as yl':irs lwfurl' SIH'l'p< 
rods for pipework were thought of. \\"hat 11·;1s to 

be done? Somebody suggested a rat and kngth of 
twine . Su far so good; but the rat thougln it \\iSl' 
tu settle down half-\va1· and it \1·a,.; n<>t until a frrn·t 
was sent in to d iscus; matters 11 ith him that lw 
decided lo finish the journe_1-. l don't kno11· wlwtlwr 
il wa s the rat or the frrrd 11·ho was 1T11·ardl'd ! i\lr. 
l'. T . . Fleetwood was the London l'ndergrnund 
1·xpert 111 those days-- ! do nol know wht:thn tht" 
rat idea orig·inated with him or 11·i1 h <>Ill' of hi,.; 
.�ubordinatcs. 

It would probably ,.;urprisc ma111 prcsent-da1 
Engineers to know that l'\"l'll \1·hl'n ·multiple dul't.s 
1verc first installed \\·c used to rnn ,.;a,;h lines in th(),;1· 
l hat were lo be fil led at onn· and iron \1·i re in span · 
ducts. I find the need for a rat in tlwse da,·s a littk 
perplexing. 

-

l wonder if your readers \\·ould frl'I an 1· intn,·st 
in a·• fishing " story? Soon after I s ULTl:l'1ll·d :'1!1-. 
Fleet 11·ood at �let. N. one of my Eng·inl'l'l"S tlild 1111· 
that they had been trying in yain for t\\·o or three 
days to get rods through a pipe in Ha1·lmev. " Fish
ing " from both ends by means uf rod� spccia lh· 
fitted with wire hooks had entirely failed, and h� 

Fil;. 10.-<J�l'll.IXl'UI< ;\)ETEl<l:-iG J'.1:-iEL. 

larnps. ;in o\·en pilot lamp \1 hich indicates the 
111wr;1tion uf the thermostat contact and two 
libment rheost;1ts of the " prl'st'l " type. The 
lay-out of the front of this p;111l'l is typical uf 
pn:'Sl'l1t practice in lransmittl'r l·quip1m·nt. 

I This urticft. ,,,ii/ he co11c/111/ed in I/ii: 11i:xt 

issue of this Juurnal. j 

thought thne \1;1.s nothing· fur it hut to opl'n up 
111id\1 ay. I disn1s,.;l'd t h1· prnlilun and 111adl' a rough 
skdl·h of a spring 1:oupling· a,.; a subs t itute for the 
" li,.;hing· " !woks. lt \1·as madl· 1>1· thl' llll'chanic, 
the t\\·11.haln,s uJ till' l ·oupling 11Tn' i-ixl'd on the sets 
()f rods ,.;crn·d from eal·h l'i1d and t lll'y l'ng·agcd as 
,;11011 as tlwy ml'l ! .\ f1·1\· 1bys lat1·r Ilic l�nginccr 
l·xplai1wd that uftcn it \\·as dillin1lt to rod a long 
,;cction as the rcan1·ard rod,.; spiralled in the duct 
owing to the \1-cight of or the fridio11 on the rods in 
frnnt. I said that ; i lthoug·h thl' ,;pring l'L>upling 
1\·ould meet the l'ase it \1·1 1uld lH' intl'resting tu try 
a not her device. So I had a " t hid-.: to thin '· adaptor 
111;1de and we pa,.;sed fon1·ard thin rods until they 
bound and 11·uuld go no furthn; then fiyc or six 
h·ngth,.; \1crc \\·ithclra\\"n , thl' adaptllr conncl'l cd and 
t lit.: thin rods pushl'd fonl"anl by t hid.: rods. This 
also \1·as cntircll" suu ·1·,.;sful . I duh · submitted the 
Spring Coupling: and ;1 1·ompletc set. of .-\daptors to 
H .Q. and it was adopted. 

l'rnbabh· standardisation of cable kngths has 
:d1oli,.;lwd ·,Ill.' 1wl'd for such dt.:\·ices to-day-except 
:it Turin! 

Yuurs faithfulh-, 
.\. ) . S"JTl.lllS, 

Carlisle Lodgv, 
�8. Howard Ro;1d, 

S.l«.2:;. 
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ICHAEL FARADAY was one of the greatest 

Englishmen that ever lived. He was a 
great man, not only by what he did but also 

because of his simple kindliness, which did not allow 
him to lose his head when honours were thrust upon 
him. His memory is revered at the Royal Institu
tion, and it is fitting that that august body should 
rnmbine with the Institution of Electrical Engineers 
to celebrate the centenary of the discovery of electro
magnetic induction by Faraday in the year l 83 i . 
An exhibition will be held at the Albert Hall, London, 
for ten days, beginning on the 22nd September, 
which will illustrate the development of industrial 
science due to the intuition and \York of this remark
able genius. The exhibition wil\ coincide with the 
mt'etings of the British ,\ssociation, and the I. E. E. 
will hold its annual convcrsationc at the hall on the 
22nd September. The P.O. is to participate in 
the Communications Engineering section and 
arrangements are in train for a very representative 
exhibit of what is called sometimes,, although quite 
erroneously, light electrical engineering. In all the 
sections, the items will be arranged in historical 
order, from a statue of Faraday in the centre to thP 
"creen that will cut off the arena from the boxes. 

In this issue we start a new venture in the shape 
of a Supplement to the Journal, one of which is 
enclosed in each copy. The main object of the 
Supplement is to cater for the needs of the younger 
members of the staff and the Department's work
men who have responded to our appeal in a most 
gratifying manner. In this number, the current 
year's C. and G's Magnetism and Electricity and 
Telephony Preliminary grade examination papers arc 
answered by a capable officer of the Department. 
The other grade papers will follow in October. The 
addition of a Supplement throws a very heavy 
burden on the Board, but we think it will be appre
ciated and will, we hope, result in a still further 
increase in our circulation, which is now between 
seven and eight thousand copies per quarter. 

l\lr. Sydney Evershed, l\L I. E. E., has sent us a 
copy of his Discourse given at the I. E. E. on the 
'' Commemoration of the Centenary of the birth of 
David Hughes." \Ve regret we have no room in 
this issue for the paper, which relates the life history 
and doings of a man whose inventions have been 
closely associated with telegraphs and telephones. 
He was a vVclshman, born in London, but his father 
took him when a boy of seven to Virginia. He 
returned to London in 1857 with his telegraph 
printer, but, in the words of Mr. Evershed, John 
Bull said " No " to Hughes. In a few years the 
Hughes was at work all over Europe. In 1877 he 
invented his " microphone," and in 1879 the Induc
tion Balance. In 1880 Hughes was elected a Fellow 
of the Royal Society and in 1885 he was awarded the 
Society's gold medal. He was president of the 
I.E.E. in 1886. He died on 22nd January, 1900, 
and in his will he left a large sum to scientific 
societies, the Hughes Scholarship to the l.E.E. and 
the greater part of his fortune to four London 
hospitals. 

RATS AS DUCT THREADERS. 

The story from Turin which we published in last 
issue has brought forth quite a large correspondence 
on the subject. First we have a protest from our 
venerable friend, Mr. C. B. Clay, who writes from 
Bromley, Kent, as follows:-

May 8th, 1931. 
Dear Sir, 

In your notes in the April number under the head
ing " Rats," you mention as original a story from 
Turin. 

A very similar one was told to me in 1885 or 1886. 
In this case instead of the blow lamp a ferret was 
used with satisfactory result. I do not remember 
hearing the fate of the rat. 

Surely you won't let Turin claim originality 
for a device used in Newcastle-on-Tyne more than 
H year'i ago. 

Yours faithfully, 
-

c. B. CLAY. 
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Then comes a letter from Mr. Procter, of the T. I. 
Group, who confirms the ferret edition, and gives a 
sketch illustrating the pursuit. \Ve do not agree 
with Mr. Proctter that the method has any advantage 
since the ferret might overtake the rat in the duct, 
and the evil would then be worse confounded ! 

nth May, 193r. 
Dear Sir, 

The account, in the last issue of the Journal, of 
the episode of the Turin rat was very interesting, 
but the method employed was surely crude and was 
certainly not original. Some years ago, I was 
searching through a pile of old electrical trade papers 
dating about the latter part of the 19th century and 
1 recollect having seen a description in one of them 

Then our esteemed friend M. L. Kristiansen writes 
from Oslo and puts the seal, as it were, on the story 
by quoting from the classics :-

Dear Sir, 
''And the rat came back.'' 
The Italian process of using a rat f rn· pulling or 

drawing wire into a telephone duct-told in your 
last issue-is anticipated by the time-honoured 
authority: Preece and Sivewright: " Telegraphy," 
tenth edition (1892), page 313-but of course the 
blow lamp has improved it (i.e., the process--not the 
rat !) 

Yours sincerely, 
M. L. KRISTIANSEN 

(Foreign Member). 

IN HOT l'Ul�SlJIT ! 

of a method of getting a length of string through a 
duct; in the method described, a ferret was employed 
in addition to the rat. The article was illustrated 
and I enclose a sketch of the arrangement so far as 
1 remember it. 

The rat was put into the duct and then the ferret, 
muzzled and with one end of a length of strong twine 
fastened to the muzzle, was sent down the duct after 
the rat. In theory, of course, both went with all 
speed to the far end where a double-compartment 
wire cage, such as is to be found on most farm
steads, was waiting to receive them. The rat 
having run to the end of the cage, the dividing 
partition was dropped in readiness for the reception 
of the ferret. 

This method has the advantage of possessing a 

much greater degree of certainty in attaining the 
desired object, though I do not remember reading 
that it had ever been tried out in practice. Possibly, 
however, some of the older readers of the Journal 
may be ahle to relate actual experiences with the 
method. 

Yours truly, 
-VV, s. PROCTER, 

.\ml, lastly, Mr. A. J. Stubbs, whose vteracity, we 
all agree, is beyond dispute, writes :-
To The Editor, P.O. Engineers' Journal. 

8th June, 1931. 
Dear Sir, 

Rats! There's nothin[; new under the S1111 ! 

The most interesting point to me about Mr. Briggs' 
Rat Story on p. 66 is the implication that only the 
'' absolute veracity '' of the correspondent secured 
acceptance of the story. I trust that my veracity 
may be esteemed equally unimpeachable, because I 
want to assure you that this novel way of getting 
wires into a pipe was practised fifty years ago. In 
those clays when a pipe was laid it was going to be 
used at once so it was sufficient to thread a sash line 
through as it was laid (This of course is not novel 
even to-clay !) The gutta-percha covered wires were 
drawn in by its means (or by means of a larger rope). 
In those clays an increase in the number of wires in 
a pipe was a very serious matter-an S.E's sugges
tion to increase by (say) ten wires might be reduced 

( r:ontinuPd on page r64.} 
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TELEGRAPH \VAGON SENT OUT T O  THE CRIMEA, i854. 

HOW " SIGNALS " FUNCTIONED IN THE 
CRIMEAN "WAR, 1854. 

The Managing Editor, 
P.0.E.E. Journal. 

Sir, 

G.P.0., 
Gloucester. 

II-5-3I. 

Having read with interest about the experiment 
carried out in crmnection with the laying of cable in 
I he grass margin, N. E. District (Vol. 24, Part l, 

Page 73, April, 1931), I thought this picture might 
be of interest to you. 

You are quite at liberty to keep this, also the one 
of the Utility Wagon. 

E. F. G. HoBRO, SW.II., 
Gloucester. 

LOCATION OF SPLIT PAIRS IN CABLE. 

Research Station, 
Dallis Hill. 

l9-5-3I. 
The Editor, P.O.E.E. Journal. 

Locating the Crosses in Split Pair Cables. 
Dear Sir, 

In the April, 1931, issue of the Journal (page 71) 
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there appears under the abovl'. title an account of a 
somewhat novel method of locating split pair joints 
in cable sections of not more than about two miles in 
length. The use of the formula given for obtaining 
from the bridge reading the distance to the faulty 
joint would appear, however, to give rise to serious 
error, except in certain circumstances. This is 
because the formula neglects to take account of a 
number of capacity couplings between the wires, 
which would generally be large enough to affect the 
conditions for the balance of the bridge. 

Fig. I corresponds to the figure given by Mr. 
Brown, but includes all the capacity couplings in
volved. The diagram has been simplified by com
bining, in the usual manner, the wire-to-earth 

The condition for silence in the telephone is then, 
essentially 

Q 
p 

M1 -� \V? --- -- ...................... (1) 
x1 + Y1 + x2 + Ne 

Assuming that the two pairs arc very similar and 
are \Veil balanced, and that the capacity distribution 
is uniform, then 

Q 
p 

M1 + vV2 - '
V

. - ---·
\
.:...__ (very nearly) . ... . . (2) 

2 \ 1 + \T2 + J\12 
__ M + N 

where M = - ----
2 

Cr-ossed 
Jo/ni 

xm1/es l-xm1:les� 
A 

Pair/ 
p B 

8 2; 
c q Paire 

D 

FIG. 1. 

capacities with the wire-to-win.: capac1t1es to g1vl'. 
" resultant " wire-to-wire capacities. The signifi
cance of the letters used is as follows :-

\V, X, Y, Z are resultant capacities between 
wires in different pairs. 

M, N are resultant capacities between wires 111 
the same pair. 

Also, 
be ac \\T=w+ -- --------- , X=x+ 

a+b+c+d a+b+c+d ' 

M=m+ 
ab cd 

N=n+ 
a+b+c+d' a+b+c+d 

where w, x, y, z, m, n are direct wire-to-wire 
capacities, and a, b, c, d are direct wire-to-earth 
capacities. 

Mr. Brown's method of joining the wires to the 
bridge enables capacities w" zl' N 1 and M2, z2, y 2 
to be neglected, so long as the cable section is not 
more than a few miles in length. 

l m/les ----------------4..., 

W+X +Y +Z 
and \V = 4 

Also, it can be easily shown that in this case 

C = M + \V (very nearly) 

where C is the average mutual capacity of the two 
pairs. 

Substituting in (2) gives 

Q 
p 

and therefore 

Q 
-- ---P + Q 

c1 w, + w2 
-
t2 + 2W1 

By putting W 1 = W 2 = o in this equation we 
arrive at the equation (numbered (r)) given by Mr. 

Brown; but in general W 1 and W 2 could not be 
neglected. 
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= h, which is justifiable on 

the assumption of uniform capacity distribution. 
Then 

Q 
P+Q 

C1 - hJS:1 - _C2) 
(c1 + C2) (r + h) 

On the same assumption 

x 

- x 

Q 
I' + Q 

x 

cl and therefore 
c2 
x - h (2x - l) 

T(-;-·+-k) -

--p-� 
Q 

(1 + k) 
I - 2h 

and 

h ......... (4) 

This shows that in order to secure an accurate 
'ocation it is necessary to know the value of the h 
for the cable pairs in question. 

For x = o 

_(J__ 
P+Q 

For x 

Q 
P+Q 

k 0 1 + k or h = -f; ....... ..... ..... ... (5) 

I - h 
I + h 

or k p --- ......... (6) 
p + 2Q 

Putting h = o in equation (4) gives Mr. Brown's 
formula for the distance to the crossed joint. The 
effect of thus neglecting k can best be illustrated 
bv specific examples. 

·Taking the case of Multiple-Twin cable, k ==; 0.4, 
for pairs in the same quad, so that for x = o, 

P 
�-

Q 
= 0.29, and for x = l, -p � 

Q 
= 0.43. 

Thus, no matter what the distance to the fault, 
Q 

__ will never be less than 0.29 nor greater 
P+Q 

than 0.43; and the large error which may arise by 
. . Q . x us mg the relation ----- to give · is apparent. 

P+Q · l 
This error would not be cancelled by taking tests 
from each end of the line. It so happens that with 

"f x the above value of k there would be no error I r-
X 

were equal to 0.35, but for values of 1- greater or 

less than this, the error progressively increases. 
x Q . . 

f For --- = 0.2, --···-- = 0.3 giving an error o l P+Q 

+ so%; and for -r- = o.8, p � Q = 0 .4 giving 

an error of - 50%. These values, and also equa-

tions (4), (5) and (6) have been verified by experi
mental tests on a length of M.T. cable, pairs being 
looped up with crosses introduced at various distances 
fwm the testing end. 

In Star-Quad cable, h � 0.65, for pairs in the 
same quad, and therefore still larger errors would 
occur in this case. \Vhcn the faulty pairs arc not 
in the same quad, and also in the case of Twin 
cable, h would not be so large and the errors involved 
would probably be rather less. It is interesting to 

note that if h \\'Crc cxactf.v equal to o. 5, __ 
Q 

__ 

p + Q 
would always be 0.33 no matter what was the 
distance to the crossed joint. 

Equation (4) sh(Jws that the method is only reliable 
when the factor h for the pairs concerned is known 
to a fair degree of accuracy. ,\ value for h could 
be obtained by making use of equations (5) and (6); 
that is, by testing on " good " pairs in the cable 
and at the same time introducing a " split " at the 
testing end or distant encl as the case may be. 
"rhen the faulty pairs arc in the same quad, a fairly 
accurate value could be secured in this way, but 
when the faulty pairs arc in different quads, or if 
Twin cable is concerned, h will to some extent be 
dependent on the degree of adjacency of the faulty 
pairs in the successive cable lengths, and tests such 
as the above to find h would not necessarily give 
accurate results. 

Alternative M ethod.-l t may perhaps not be out 
of place to give a brief description of another method 
of locating split pairs which has been used. This 
method does not involve difficulties or sources of 
inaccuracies such as those discussed above and is 
not theoretically restricted by the cable section being 
either too short or too long. In this method the 
following capacities are measured on the faulty pairs 
(the wires being insulated at the distant end) :-

( I) 
(2) 
(3) 

Measure the capacities A to B and C to D. 
" " " A to C and B to D. 
" " " A to D and B to C. 

The mean of the two readings is taken in each 
case and calling these mean values K,, K2 and K3 
respectively, then if B and C or A and D are the 
crossed wires 

If A and C or B and D are the crossed wires 

x K1 - K2 
(K1 - K2) + (K�=-..-'R.�) ........... ..... ... (8) 

The equation to be used in any given case can 
always be determined by inspection of the measured 
values of K2 and K3• The rule is that if K2 is 
greater than K3 use equation (7); and if K3 is 
greater than K2 use equation (8). There is one 
exception to this rule, viz., when the faulty pairs are 
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two pairs in the same quad in a Star-Quad Cable. 
In ! his case the rule is reversed because the capacil y 
of a split pair is greater than that of a normal pair, 
whereas in all other cases the split pair capacity is 
less than the normal pair capacity. 

\Vhen !h(' fault consists of" rectified " split pairs, 
that is, when a second crossed joint has been made 
in an altl'mpt to correct the first cross, x is the 
distance bet wPcn the t \\'O crosses, and this informa
tion may sometimes be of help in deciding where 
firs! to open the cable. lf !he cable is opened be
t wcen the two crosses, each can then of course be 
located in the usual manner. 

FIG. 2. 

CapaC1f1.L 
Under �;est 

On short lengths of cable the measurements are 
generally made with a \Vien bridge as used for 
ordinary mutual capacity tests on loading sections. 
On long lengths of cable, a ballistic method of 
measurement can be employed. 

On short lengths, simple apparatus such as that 
suggested by Mr. Brown could be used with fairly 
accurate results, although in this case it would be 
preferable to secure the use of a properly graduated 
non-reacti\'e slide wire having a resistance of looo 
ohms, or, alternatively, to use two resistances, of 
the order of looo oh�1s, in series, one of which is 
adjustable in steps of l ohm. The value of the fixed 
resistance need not be accurately known. A diagram 
showing the method of joining up the components is 
given in Fig. 2, a small condenser (about o. 1 µF) or 
another cable pair being used as a reference 
capacity. Using this bridge the capacities Ku K2 
and K3 would be successively comp<u-ed with the 
reference capaci ! y. 

If P,/Q" P2/Q2, P3/Q3 are the ratios of K1, K2 
and K3 to the reference pair, equations (7) and (8) 
can now be written 

x l\/Q, - P3/Q3 
/- (l\/Q, - V,/<;J:,) + (P�/Q� - P3/Q3) 

and x 

respectively. 

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

I\/Q1 - P2/Q2 
(I', T Q2-_:_ -P �I <22)----=i� ( P 3 I <j3---=� I> 2 I <:i2) 

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

In conclusion, it should be mentioned that a high 
degree of accuracy is not, as a rule, essential in 
locating faults of this character, which must always 
occur at one of the joints. This probably accounts 
for the 5nccess claimed when the method in question 
has been used. Nevertheless, its limitations are such 
that in the gent:ral case it would be much safer to 
employ 1 he alternative method described in this 
letter. 

Yours faithfully, 
E. H. JOLLEY. 

MR. THOMAS PLUMMER, M.I.E.E. 
The many friends and colleagues of Mr. Thomas 

Plummer who are still in harness, and those in 
retirement, \Vill regret to hear of his death, which 
look place after a short illness at his residence 
'• Dunbrody," Port Hill, Shrewsbury, on the 12th 
'.\larch, 193 I. Some four years ago, just prior to 
1·etirement, he suffered a somewhat severe illness 
from which he did not recover completely. It had 
been hoped that freedom from the increasing stress 
of official life, and the pursuit of interests at leisure 
\rnuld have given him many enjoyable years, but this 
was not to be, and he was laid to rest in the beautiful 
cemetery at Shrewsbury on the r6th March. He 
leaves a son and daughter, and two sisters, one of 
whom, Miss K. Plummer, has devoted many years 
of her life to her brother and his children. 

A notice of his retirement appeared in the October, 
1927, issue of this Journal. B.J.G. 

HEADQUARTER'S NOTES. 
REMOVAL OF TRAINING SCHOOL TO 

DOLLIS HILL. 
The Training School which has so long been a 

feature of King Edward Building has removed to 
Dollis Hill and now forms part of the Research 
Section instead of the Telephone Section. As our 
readers are aware, Automatic Telephony in this 
country began on a small scale and elaborate train
ing of staff could not be evolved for a considerable 
period. Soon after the close of the \iV ar, however, 
training became an important issue and it is largely 
owing to the perseverance of Mr. Anson that the 

present School was started at the end of 1924 and 
was installed in such a favourable position in the 
heart of London. 

Since its inception the School has obtained a very 
high reputation, not only among the staff of the Post 
Office, for whom it was primarily intended, but also 
among our Manufacturing Firms and the staff of 
overseas Administrations. Such a reputation has 
been built up very largely by the helpful and stimulat
ing atmosphere created by Mr. C. W. Brown, who is 
in charge of the School, and his staff of able 
assistants. 
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The removal of the School to Dollis Hill, therefore, 
does mark something of the close of an epoch in the 
history of training in this country, more particularly 
ns since its inception its scope has been extended to 
cover training in transmission and other brnnches of 
work as well as in nutomatic telephony. 

A few facts with regard to the removnl may be of 
interest. The bulk of the Courses closed down on 
the 28th March, "1931, and the work of dismantling, 
for which preparation had already been made, began 
immediately. The whole of the apparatus, includ
ing racks and cnbling, had been recovered in a 
period of two weeks and practically the whole staff 
transfened to the new headquarters on the 2oth 
April. But it is of interest to note, too, that Courses 
on Rural Automatic Exchanges will continue 
throughout the period of the removal. In addition 
a course for Probationary Inspectors was commenced 
nt the new headquarters on May 1 st, so that it can 
be said that the work of the School was never 
entirely interrupted, even by the cli!';\ocation caused 
bv the removal. '

It is possible to look forward to a time when the 
School, its scope considerably extended, will be 
firmly established in its new headquarters and 
achieve an even bigger reputation tht>re than in 
K.E.B. 

TRAINED. 

THE RE \CTIO:-.IS TO TRAINING OF :\ PROBATION:\RY 

ASSISTANT ENGJ:-;EER. 

.I co111ple111entary article to " Trai11in�-, ... 
J.I.l).().E.E., ()ctolJe,r, ',)O. 

WHEN trammg for the Olympic games, it is said 
that Grecian athletes practised for long periods with 
lead weights tied to their ankles. After such pre
paration it was thought that they would not easily 
tire in the actual race, for which, of course, the 
weights were removed. The Engineering Depart
ment of the Post Office undoubtedly has a similar 
end in view when training its employees, particularly 
the younger ones, but it seeks to accomplish its 
object by means less brutal and probably more 
effective. 

In the anti-penultimate issue of this Journal an 
outline was given of the syllabus that had been 
followed during the early months of 1930 in the 
training of those Probationary Assistant Engineers 
and Inspectors who had entered these grades by 
examination. Accurate as may have been the in
formation contained in that article, justice could 
hardly be done to the subject by the author concerned 
for reasons of personal modesty. In this article is 
given a chronological summary of a few of the re
actions, which in retrospect stand out most pro
minently, of one who underwent the course of 
training. 

It will make large demands on the imagination of 
those who have been engaged in situations for a 
number of years to conjure up recollections of tlw 
excitement which is engendert>d by the anticipation 
of taking up a new post. The excitement for most 
of us was enormous, being bolstered up by the great 
pride that we frlt in ourselves in having attnined an 
object on which vYe had been persistently intent from 
the moment that we completed the first official form 
in our existence, our entry form. :\part from having 
read sundry technical publications of the Department 
nnd possibly Sir Evelyn Murray's handbook treating 
of the general ramifications of the Post Office, most 
of us had probably gained our detailed knowledge of 
this much abused organizntion from the daily press. 

The attitude of employers towards new members 
of their staff 'Taries; naturally, they nre to a large 
extent influenced by the impression that they wish 
to create. In our case, asse.;;sed by the extent cf the 
desirable atmosphere it created, the welcome ex

tended to us was conspicuous by the completeness of 
its success. On arrival, an official welcome was 
extended by some of the clignatories of the Depart
ment, not to the new entrants collectively, but to 
each one individually. Immediately we were handed 
over to the Trnining School, at that time (February, 
1930) housed in King Edwar<l Building; a period 
then followed in which every effort was made by the 
School staff to assist the new students to accom
modate themselves to their fresh surroundings. 
Meanwhile to each one was issued suitable armour 
to carry him through the impending battle. Not the 
least amusing incident, at least to one who had 
entered from a very up-to-the-minute concern, where 
two weeks extra remuneration took the place of 
annual leave, was the appearance of the ubiquitous 
leave form, for, having entered the Service on the 
wth February there would be leave accruing to us 
before the end of the " leave year," February 28th. 
Now as the course proceeded, an amazing thing 
transpired which was this, everybody in the Post 
Office was actually working hard; and, moreover, 
nothing was left undone that might be done to pro
mote efficiency in that Department. This, of course, 
was absolutely contrary to the information that had 
been gained from wiseacres in the outside world; 
not that the writer is complaining of having been 
attracted into the Service under false pretences ! 

During the first three months of the course that 
was to follow in the Training School, it was to be 
our lot to nssimilate the accumulated knowledge of 
the Accountant General and the Engineer-in-Chief; 
later we were to wander out into Engineering Dis
tricts to study how the knowledge of these two 
giants was being exploited. It is not possible for 
any syllabus adequately to describe the subject 
matter that was dealt with in the lectures; all the 
lecturers gave freely of their knowledge, not only of 
that part of it which is of necessity stereotyped and 
which could have been obtained from the regula
tions, but of that part of it which is sometimes 
absent from the Regulations and Technical Instruc-
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tions, the detailed fruits of their experience. The 
suhjcct matter was presented in the following 
sequence. The earlier lectures were confined to 
expositions on the administrative and organizing 
activities of the staff of the Department. Then, 
gradually, stage by stage, the lectures merg·ed into 
those more directh· associated with the activities of 
the average assistant engineer and inspector. The 
\·ast amount of detail which constituted a large part 
of these lectures might have proved monotonous but 
for the welcome relief of practical work. Dcmon
st rations and informal lectures on External work 
were given by a lineman from the London Enginecr
i ng District. The practical side of Overhead work 
was dealt with in a manner that no one less familiar 
with the details than an actual lineman could have 
equalled. On many occasions since t hcsc lectures 
has tht writer been able to acquit himself with 
honour when it has been necessary to tie knots under 
conditions of great strain, C.K., j·or towing a motor 
car, fixing a jam cover, etc. ! 

Among the Internal practical work was included 
the forming and lacing of cahie, soldering, the dis
section of apparatus that some of us had not had the 
opportunity of handling before on such familiar 
terms, the erection of, and identifying of faults on, 
subscriber's apparatus. Possibly amongst the In
ternal practical work might be included several con
ducted visits to_ manual and automatic exchanges. 
To anyone who has been bred in an atmosphere of 
manual working it may be difficult to conjecture how 
intricate docs manual operation appear at first sight. 
On all these visits we were accompanied by two 
members of the School staff, who were our tutors 
and advisers while the lectures were in progress. 
Two visits were made to Contractor's works during 
the School part of the rnurse, both of which left 
pleasant recollections (and valuable information) in 
the minds of the visitors. Spectacular and impres
sive as were the technical demonstrations that had 
been staged for us, undoubtedly these left a much 
smaller imp1·ession than did the hospitality extended. 

As the time allotted for lectures grew less, the 
more did we appreciate how well we were being 
treated. No great exercise of the imagination is 
called for to realize how entertaining the course 
proved; everv fresh member of the staff that we 
encountered �ndeavoured to convince us that we 
were having the time of our Departmental lives. 
Even as all good things come to an end so did the 
School portion of our training terminate at \iVhitsun, 
and, on Whit Tuesday we reported to the various 
Engineering Districts in which we were to proceed 
with the rest of the syllabus. The sensation was one 
of beginning a long journey, of several months 
duration in fact; now did each student go his own 
way, the Probationary Assistant Engineers for 
eighteen and the Probationary Inspectors for thirty
six weeks training in the Districts. So must the 
writer's tale be now considered individual, although 
on the various occasions on which he has had an 
opportunity of comparing reminiscences with his late 

colleagues a marked similarity of experience has 
always been observed. The description that follows 
centres round those things that are to be seen while 
training in a '' country '' section of the London 
Engineering District. Undoubtedly the staff of this 
section must have thought unkindly of the writer 
on not a few occasions, but with one exception, they 
were sufficiently sympathetic or discreet to conceal 
it. 

The first six weeks of the District experience were 
spent in an external section. Having interviewed 
the probationer, the Sectional Engineer introduced 
him to the chief of his clerical staff. The latter, 
after furnishing the writer with a list of all the 
clerical duties in the office, introduced him to his 
assistants. It was then the writer's embarrassing 
privilege to take a chair and sit by each clerical 
officer, watching his every action and making copious 
notes, lest at any time in his career he should be 
callee! upon to organize a Sectional Engineer's olfice 
from '' scratch:'' Concurrentlv the work of the 
Development office was stud;ed. The study of 
Development technique was to prove cxcecding·Jy 
fascinating, for, not only was the actual planning of 
the schemes witnessed, visits being made to the sites 
during the survey, but later the checking of the 
plans in the Superintending Engineer's office and 
the execution of the work were seen. And now for 
the one exception to the generous welcome, it was 
that extended bv a Plumber-Jointer whose work the 
writer was due to investigat� in much the same way 
as he did that of the clerical officers. It was later 
discovered that this same man had on a previous 
occasion chased his Inspector with a spanner. 
Verb. sap.-cspccially to anyone who may seek 
information from a similar source. 

In country sections in summer time, training in an 
Internal Section is no less interesting than in an 
External Section, and it was about this time that the 
writer beg-an to find the way to make the most of the 
training resources at his disposal. For instance, 
not least of his discoveries was that U.S. W. was the 
abbreviation, not for Un-Skilled Workman but for 
U nestablished Skilled Workman. Another discoven· 
of g-reat utility was that of the standard method t� 
be employee! in gaining a man's confidence, namely, 
to assist him in arriving at satisfactory explanations, 
harmless to his dignity, for his having been " passed 
over,'' masterly phrase ! When the writer reported 
to Section Headquarters in the middle of June, the 
Internal course of training was begun in the reverse 
direction to that followed in the External training. 
The writer saw first a selection of the practical sides 
of Internal work, witnessing in turn, Section activi
ties from a maintenance Inspector's office and in the 
various exchanges in his charge, Construction and 
Fitting. The study of the administrative aspects of 
the work were left until the last. Owing to the 
similarity between Internal and External adminis
trative �ork this represented no great disadvantage. 
It is difficult to decide whether there is any choice 
between the two methods, taking the Administrative 



HEAD\}UAI{TER'S .:\OTES. 173 

or the " .Practical " aspect fir�(. Probably the 
reversal of the procedure, as explained above, is the 
more interesting. The first Inspector under whose 
care the writer was placed had in his charge a large 
variety of maintenance work, including one Director 
Exchange, one manual exchange in the Automatic 
area, and five n:ccntly constructed C.13. exchanges. 
Construction work \Vas seen in progress in great 
variety, embracing such things as a Director ex
chang-c, a Rural Automatic exchange, complete 
manual exchanges and extensions thereto. To an 
onlooker, Fitting probably provides the maximum 
uf entertainment, although apparently for those 
actively engaged on it the entertainment is tempered 
with a considerable amount of nervous strain. At 
this point of contact with the public everyone 
endeavours to show an exemplary front, although, 
not infrequently the odds against the department's 
staff are excessive, the odds amounting to anything 
from satisfying the many prospective (and other) 
subscribers who demand absolute precedence for 
their installations to the peculiar local conditions of 
their premises. Included in the good fortune of the 
Probationer \Vas the realization of an old ambition, 
no less than that of pulling a real Fire alarm, and, 
for the purposes of unravelling· the mysteries of the 
alarm system, of )wing given the free run of a large 
Fire station. The name of the Section may be had 
on application, although it is possible that the writer 
may have spoiled the pitch for other players. 

And so the passage of time brought the training 
to its closing phase, the six weeks in the Super· 
intending Engineer's Office. This, however, was 
brought to an early conclusion, for, after ten days, 
the auth'.Jr was despatched to his appointed rut or 
mountain slope. The first week, spent in ignorance 
of the impending change of headquarters, was 

organized according co the prescribed programme. 
The remaining three days were utilized in what a 
globe-trotter would refer to as an effort to '' do '' 

the Technical Section in that time. Thanks to the 
untiring consideration of the staff, these efforts to 
gain a superficial knowledge of this section's work 
were neither unpleasant nor unsuccessful. 

During the entire course, and actually after it 
had finished, the members of the training School 
Staff who were responsible for its administration and 
those members of the staff of the Engineer-in-Chief's 
Office who were connected with it in any capacity, 
maintained an attitude of intense and kindly intt:rest 
in the welfare of the students. The latter were 
persistently solicited to express their views on any 
alterations or additions to the svllabus that thev 
thought could possibly add to th� usefulness of th

.
e 

training. One is naturally lecl to speculate on the 
means by which the Department hopes to gain by 
its generosity, in proportion to the obviously large 
expenditure incurred by such a training course. 
Some of the means available are these; newcomers 
art: deprived of any idea that they may have wrongly 
acquired that their new employer is going to force 
them to make bricks without straw; the Department 

endeavours to ensure that when the straw is dis
tributed it will be put to the best advantage 
from the beginning, a minimum being required for 
practice. The new staff arc inspired with con
fidence in the firm they are to represent and the 
goods they will have to handle. \\'hat proves of 
great use to the Probationer, and indirectly a benefit 
to the Department, is that as a result of the intro
ductions gained to members of the staff in all 
quartei-s, including his late colleagues in training, 
the Probationer invariably knows good authorities 
to consult when occasion arises after the conclusion 
of the course. Encounters with the colleagues re
ferred to above are always the scene of exchanges 
of new experience and advertisement of recent " dis
coveries." Let those who are not yet convinced of 
the mutual benefits emanating from such a course 
consider a " psycho-mercenary " aspect of the case. 
If the Department is willing to start its new 
entrants with such a large credit account, it can 
safely rely on even the meanest feeling some com
punction in the necessity for paying it back and on 
the more magnanimous a compunction for repay
ment with interest ! 

G.B.W.H. 
1\pril 3oth, 193r. 

EXCHANGE EQUIPMENT. 

The following works have been completed: -

Preston 
Fulwoud 

E.'xchange. 

\'r•\\Tastle Arca (12) 
HarlJorne 
r .f"\"lonstone 
Bi;mingham Northern 
Birmingham Victoria 
Evington 
:\yr ... 
Prestwick 
Rainhatn 
Tan cl em 

Stoke 

\I accleslicld 

1'1·rt" 

Bexhill 
Truro 
Eccks 

Hastings 
Maggs -& Cu. (Bristul) 
Lcsmc, Ltd. (\Villesd<'n) 
Cuml;crbnd C.C. 
King & Hutchings (Cxbridge) . 

Type. 
1--

New Auto. 

" 
Auto Extn. 

" 
,\Janual 

Exten�ion�. 

" 
l'.A.B.X. 

No. of Lines 

3790 
560 

19500 
1290 
2470 
5280 
2815 

800 
1780 

510 
200 

Positions 
P.A.B.X. 
Selectors. 

Re-

I 
arrangements 

360 
OlJservatio11 

Equipt. 
240 
560 

Ob6ervation 
Equipt. 

30 
30 
20 
30 

Orders hm·e been placed for the following 
works:-
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Exchange. 

( 'astlc Br om\\·ich 
\\'ords\\·orth 
Bu\\Ts Park 
Yalentinc ... 
Park (Dundee) 
Springfield ... 
\\'olvcrhampton Arca (6) 
llunskt 
.\de! 
Horsforth 
( 'orstorphinc 
\lic!dleton ... 
Tipton ,\n·a (5) 
<iibbet Hill 
( 'hurston 
Pin hue 
Fails\\'orth 
\\'alkdcn 
l' rmston 

.\rd\\'ick 

('o\.('lltn· 
York -
lps\\'icb 

Hove: 

-1-
Typ<'. 

! N(_�\y Auto 

Auto Extn. 

I 
I 

No. of Lines 

300 
2440 
3580 
4100 
1020 
2000 
7500 

730 
300 
700 
680 
900 

2880 
400 
200 
200 

1300 
500 

1200 
Routitlf'r 

Equipment. 
Re

;-irrange111ents 

1140 
Re

;1rrangen1cnts 

Portslade 
Leeds 

Hilbidc 
l 'ollyhurst 

Coklwster 
NPwhury 
North\\·oud 
l - "bridge 
PillnPr 

Exchange. 

London Trunk Record and 
Demand Suite 

St. ,\!bans ... 
Kilmarnock 
\!orris Cars (Smet!rn·ick) 
L.C.C. 
( 'umbcrlanrl C.C. 
('hapman, J,td. (Taunton) 
Courage & Co. (London, S. E.) 
Thorpe \IPadows cmd Co. 

(Hastings) ... ... ... 1, 
Norton (;1:inding '.Yhcel (Welwyn) 
Burnley Corporation ... .. . 
�lcllroy, Ltd. (Reading) ... I 

Type. 

.\uto Extn. 

" 
New Manual, 

" 
.Manual 

Extensions. 
" 

P.i\.B.X. 

::-\o. of Lines 

710 
800 

Rnutinr·r 
Equipment. 

" 
< lbscn·atiun 
EL1uipment. 

1080 
1600 
1900 
3500 

Positions. 
Obsen·ation 
Equipment. 

240 
50 

300 
20 
20 
30 

20 
30 
30 
30 

MR. E. H. SHAUGHNESSY, O.B.E., M.I.E.E., M.I.R.E. 

1-h the retirement uf l\Ii-. E. H. Shaughnessy, 
i\ssistant Engineer-in-Chief, on 3oth June, 1931, the 
Post Offa:e Engineering Department loses an out
st;.rnding and popular member of its staff. 

Mr. Shaughnessy entered the sen·ice of the Post 
Office as a telegraphist at the Central Telegraph 
Office in ;\pril, 1887. He \\as transferred to the 
Engineering Department as a sub-engineer in 1896, 
and he passed through the ranks of 2ncl Class 
Engineer (1898), 1st Class Engineer (1901), and 2nd 
Class Technical Officer ( ICJ03). The operation of 
the scheme introducl�d by l\lajor O'Meara by which 
Headquarters officers \\·ere required lo serve in pro
vincial districts resulted in l\lr. Shaughnessy taking 
up duty as Assistant Superintending Engineer in the 
Eastern District in 1908. In HJlJ he returned to 
Headquarters as the Staff Engineer in charg·e of the 
Radio Section. He became 1\ssistant Engineer-in
Chicf in 1925, the appointment being a new one, 
created ·' for \vireless sen·ices, '' in connection with 
the sernnd Imperial \\'ircless Scheme, adopted on 
the recommendation uf the Imperial vVireless Tele
graph Committee presided over by Sir Robert 
Donald. 

The scope of :\Ir. Shaughnessy's early activities 
\\·as extraordinarily wide. In addition to service in 
the Test and Telegraph Sections he took part in the 
experimental work in transmission which followed 
the development of the air-space paper core cable : he 
served as a cable engineer on the s. s. '' Faraday '' 

during the laying of cables in the c;ulf of Mexico, 
and he took charg·e of the Experimenting Room in 
(;.P.O. (\Vest) when one room sufficed, or, rather, 
was the only space allotted, fur development and 
research work in the Engineering· Department. 

It is as a radio engineer that Mr. Shaughnessy \\'ill 
be best remembered, and it is largely due to his 
energy, foresight and forceful handling of problems 
arising, as well as to his highly successful methods 
of selecting, training and using staff, that the Post 
Office is now in possession of radio-telegraph and 
radio-telephone services and equipment which are 
second to those of no other Administration. He 
took charge of the Radio Section when radio had 
barely passed the stage of infancy, although it was 
a healthy child, g·iving eyery promise of attaining 
vigorous maturity. The Coast Stations round the 
British Isles had been purchased from the �·Iarconi 
Company four years earlier, and their equipment was 
in course of replacement and improvement. The 
proposed Imperial \Vireless Chain of Stations was 
the subject of much discussion and comment, and, 
in 1913, a contract was entered into with Marconi's 
\Vireless Telegraph Company for their erection. 
vVar broke out, and the contract was cancelled in 
I<JI 5. The Company sued for breach of contract 
and were awarded damages approaching ;{600,000. 
Mr. Shaughnessy acted as an expert technical wit
ness for the Crown in this case. It \Vas a severe 
set-back, brought about by extraordinary conditions 
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beyond the cnntrol vl' l'il hn I 'osl ( li'lin· 01 Cvmpatn, 
hu.t the lesson \\'a" 1tt>I lost, ;ind henrdorth the 
Radio St .. ·tion, with :\lr. Shaugh1H·ssy as its leader, 
ai1ncd al an organisation \\·hid1, in the lechnicil 
"ellsc, \\'<Hild makl' it master 11f ih 11\111 fate. 

During the !'arly period 11f lhe war, i\11. 
Shaughnessy \\ as r!'sp11nsible for llw mL·asure5 tak!'n 
for lhl' dt'lection of illicil \\·ireless transmissiun, a 
phase of war activity \\'hich had its foundation more 
on rumour than 011 actual fad. .\ number of 
im·cstigations were made of ;i]leg-cd 11r suspected 
infracti.on of the regulations \\ ith11ut am· serious cast· 
1·oming lo light.' Later on, lw u;1dertook the 
organisation and conlrol of 1lw Direction Finciing 
Stations, the function of which was to identify and 
lo<"ale the 1110\TlllL:nts of 1·11emy airnaft during: their 
\'!l,Yag«:s lo this 1·ounlry 11n l>11111bing e:-;pcditinn�. 
The scheme pron:d highly successful and ga\T 
material assistance lo thl' Home Dd1·1ll't' Forces in 
their !'fforts to discouragl' tlw i11t1·nsification of this 
form of enemy warfarl'. l\lr. Shaughnessy was 
made an Otticer of the Order of thl' British Empire 
for his services in this connection. 

vVith the restoration of peace, t hl' work of recruit-
111ent and training of staff for furlhl'r radio dcvelop
nwnt was undertaken. 1\ small gToup of able young 
men was added to Mr. Shaughnessy's pre-war staff. 

The first task lo he undertaken was the completion 
of the Leafield and Cairo stations, the sites for 
\\'hich had been acquired for the Imperial Scheme, 
and on whid1 the nection of buildings and masts 
had been commenced. The choicl' of the systl'lll of 
transmission for t hesl' stations 11f a power of 2;iO 
kilowalh \\'as a malll'r 11f some concern. \·al\'e 
transmission had not rl'ad1l'd the stagl' al \\·hil'l1 thl' 
handling of anything approaL·hing this po\\Tr was 
possible. .\fter cardul 1·onsid!'r;11ion 1 he l�h\'l·ll
l'oulsen .\re SYslt'lll \\"<IS l'l'<'<Jlllllll'llded ll\· :\lr. 
Shauglmessy as.lll'ing· lhl' only s_,slt·m. ;n·ail;1bk at 
that time, capabll' of produ1·ing the required amount 
of continuous \\·an· high fr('qt11·n1·_,. t•nng·y for I hl' 
s1·rvices in conll'mplation. L1·atield and Cairo \\'l'I'(' 
1'<111tpil'tl'd, and pu1 into <>peralion in 11122, and till' 
su1.Tcss of L!'ati!'ld in partinilar, frnm thl' reftTen1Ts 
111adl' to it, seems to han· ht'l'll larg·ely responsible 
for indtll'ing· the· Donald ( '0111111il11T to report upon 
1 he largl'r issue of t 111' IH'\\' I 111pcrial S1-hL'llll' in l1·r111s 
of Post Oliin· o\\·nnship and L'onlrol. 

In th·� ml'antim1· :\Jr. Sha11g·h11l'ssy had set liis 
staff lo \\·ork 011 thl' probll'ms of \';d\'l· lransmi;.;sion. 
Experiments at ( 'aisll'r and Stond1a\Tn \\Cn' 
followed IJy 1h1· building· of ,-aln· transmitters al 

these stations \\·ith p1l\n·rs of appro:-;imatl'ly 1 � and 
2;i kilowatts rcspt'!'tin·ly, using· in the latter case 1111· 
output of six air-1·ookd \·alv1·s. The St11uehan·11 
transmitter replac!'d an an· transmittl'r, and a similar 
jll'<•et·ss of repla1T1111·111 \\ as f1Jllo\\·ed :1t Northolt 
\\·here a 30 k\\·. sl'I \\ as L·onslructed, the output 
being· from thrt'l' 10 k\\·. \\'at\'r-conlcd \·alvl's. 
Tht·CNortholt lran;..111itt1·r utilisL·d 011 a small scale the 
llll'lhods which it had bt'l'll d!'cid1'd lo adopt for the 
Rugh�· lransmittl'r, pn·li111i11a1'.'' sll'ps for thl' con
" ' l'llL'I irn1 of \\·hich h;1d alr!'ad1 h1·1·11 la ken. 

On the :;th March, 11123, I.hi' Prime !\linister (Mr. 
Hrnwr L;1\\) mad1· tlw f11llo\\·ing ann11unn·ment in 
t IH· Housl' nf Commons, · '  . . . .  t lw ( ;O\'l'rn111c11t 
has •icl·ided thal it is nt'<'l'S,.,an in the interests of 
national security that tlll'rl' ,,1H:nild he a wircles� 
station in this country capal>le of 1·ummunicating 
with thl' Dominions and 11\\·11\'d and "JJeratL:d hy the 
Stall'.'' The design of the Ill'\\' station was 
entrusted to the \·\'ircless Telegraphy Commission, 
which was originally appointed under the chairman
ship of the late Lord !\lilill'r, with Dr. \V. H. Eccle>', 
Mr. L. B. Turner and Mr. Shaughness.'· as members. 
The silt• chosen was al Hil1111orto11, near Rugby, and 
t lw task of d!'sign in d!'lail, in an:ordann· with the 
pri1H:iplcs laid dll\\·n l>y the Commission, and the 
er!'ction of the station, Wl'rl' undertaken bv the Pust 
(>I lice E11g·ineeri11g Depa 1·1 n11·n1. !\l r. Sh�tughnessy 
thus ser\'!·d in a double cap;11·ity. and the Rughy 
st;1tion 11 ;I\· he regard('d as his radio chc( d'11•11·;•re. 
Thi' desig;1 provid('d for an anial power of ,:;oo 
Kil11\\·a11s from .'i-1 10 k\\". \1·ater-coolcd val\'l·s. 
Nothing had µrevi"usly b1·1·n done in valve trans
mission which approacll!'d this figur!' in pm\'l'r 
handled. although, as alrt'ady stated, some of the 
methods used, including water-cooled valves and 
tuning fork frequency control, had been employed in 
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the Northolt transmitter completed a short time 
before. The transmitter, ·with its 820 ft. masts, 
dominating· the surrounding countryside, \Vas com
pleted, tested and put into operation without serious 
hitch or accident. Rugby was, to a large extent, a 
plunge into the unknown, and although it is not in 
the oflicial records, Mr. Shaughnessy probably 
breathed a sigh of relief when aerial current reached 
the 500 ampere mark and reports of reception 
arrived from the uttermost parts of the earth. 
Actually it was found that the aerial current aimed 
at was capable of being exceeded by over 50'1(,. 

Rugby, GBR, has been described in detail in 
numerous articles in this Journal, as well as by i\lr. 
Shaughnessy himself in the paper \vhich he rL'.ad 
before the Institution of Electrical Engineers on 
r 4th April, 1926; in a paper by Messrs. Hansford 
and Faulkner before the same Institution, and by 
Col. Angwin and l\Ir. T. \·\'almsley at the Institution 
of Civil Engineers. 

Rugby was a worthy effort of the man who was 
mainly responsible for seeing it through, Mr. 
Shaughnessy. Thrt>ughout the task he never 
faltered in his belief in himself, or in his confidence 
in the subordinates, to ,,·horn he was proud to ascribe 
most of the credit. 

1 ne Imperial \Vircless Telegraph Committee, 
1924, recommended the construction of high power 
stations in this country capable of communicating 
with similar stations in India, South Africa and 
.\ustralia. Canada was added to this list. The 
British stations were erected for the Post Office 
under contract by l\larcon i · s \\'i rekss Tclegrap h 
Company, the system adopted being that known as 
the " Heam "; shurt wave with directive antennae. 
.\ great deal has been said and \Hitten about the 
attitude of Post Otlin: engineers towards the 
'' Beam '' in its early days, with the usual exaggera
tion and Jack of accuracy, but the outstanding fact 
is that, when information was forthcoming of its 
ability to perform the task required from the new 
Imperial Scheme, it was adopted "·holeheartedly by 
the Post Office staff and worked to its utmost 
capacity. Mr. Shaughnessy was largely concerned 
in this decision, and the task of supervising, testing, 
accepting and working the stations erected under 
1 he contract fell upon him. The complaint against 
Post Otlice ownership of the " Beam " stations 
turned, not on inefficient handling of them, but on 
their ability to attract traffic from the older cable 
services. A very large amount of new traflic was 
also created by the lower rates in operation. The 
" Empiradio " system was, indeed, a highly success
ful business venture which probably more than 
fulfilled the hopes of the Committee responsible for 
its creation, while the Marconi '' Beam '' was tried 
out under Post Office management with a thorough
ness which it would probably have obtained in no 
other circumstances. The Imperial Wireless and 
Cable Conference \vhich was assembled in 1928, " to 
examine the situation which has arisen as a result 
of the compel it ion of the Beam vVireless with the 

Cable Services . ... ·' reportetl in favour of 1 he 
amalgamation of the two interests by a merger of 
the Eastern and Associated Telegraph Companies 
and Marconi' s \Vircless Teleg-raph Company, and 
the transfer of the Empiradio and Government cable 
systems to the Merger. The report was adopted 
and the scheme put into effect by the Government 
of the day, and thus endetl the episode of the Beam, 
so far as Post Office operation of the system was 
concerned. Whether this was a case in which it was 
wise to subordinate the new art to the requirements 
of the old only the passage of time can fully reveal. 

The original long wave channel of the American 
radio-telephony service was developed and brought 
into operation during Mr. Shaughnessy's regime, 
and his experience and knowledge contributed 
greatly to its success. Mr. Shaughnessy should 
also be given credit for the later short wave develop
ments which were made possible largely owing to 
the eflicient organisation which he had set up, and 
to his selection and training of expert staff. 

Mr. Shaughnessy has taken more than his full share 
of extraneous work, incidental to his profession, but 
much of it outside the scope of his official duties. 
Apart from his membership of the \Vireless Telegraph 
Commission he served for a time on the Radio Re
search Board, on several committees of the British 
Engineering Standards Association and on the Ro: al 
Society's National Committee of the International 
Research Council. In 1921 he attended as a delegate 
at the Inter-Allied Technical Conference on \\Tireless 
Telegraphy which was held in Paris, and in 1922 he 
\\'ent to Brussels as one or the representatives of the 
Roval Societ v at 1 he .\ssemb]y of the International 
Re�earch Co�rncil of the lT ;1ion I nternationale de 
Radiotelegraphic Scientifique. He has been a 
Member of Council of the Institution of Electrical 
Engineers for a number of years and he is a Past 
Chairman of the \Vireless Section. He is also a 
Vice-President of the Radio Societ v of Great Britain. 
He has served as Treasurer a!llJ as Chairman of 
Council of the Institution of l'ost Oltice Electrical 
Engineers, and he was for many years Chairman of 
the Board of Editors of this Journal. He has also 
undertaken the duties of examiner in Telegraphy for 
the Citv and Cuilds of London Institute. 

Mr. - Shaughnessy attended the International 
Radiotelegraphic Conference at \Vashington in 192/, 
as one of the British delegates, and he served as 
President of the 2nd Technical Sub-Commission 
during its proceedings. 

Mr. Shaughnessy was for a number of years 
lecturer in telegraphy and cognate subjects at the 
�orthampton Institute and other technical colleges. 
His old students will remember the thoroughness 
with which he hammered in fundamentals, and the 
delight with which his not infrequent sallies of 
humour, largely at his O\Vn Pxpense, were received. 
Mr. Shaughnessy's facility for the descriptive pre
sentation of technical subjects has caused him to be 
much sought after as a lecturer on Post Office 
achievements in radio, and his orations have been 
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delivered apparently \\ ith equal enjoyment to his 
audience and himsel f. He is, indeed, a man \\'hO in 
addition to kno\\'ing· his subject thoroughly has the 
gift of impar ting infmmation tu others in an interest
ing and ente rt aining manner. 

During the last fr,,. years of his service Mr. 
Shaughnessy \\'as concerned mainly with staff 
matters. His strict sense of justice and his ability 
to inspire L«>nfidence in his judgment made it a forP
gone conclusion that he would be sun·essful in this 
sphere. He discussed claims and grievances with 
representative,.; of staff associations "n a footing of 
('quality of inte rest , and the many agreements \\·hich 
have been obtained and put into operation are the 
best possibk evidence of his L'<.mciliatory methods 
and of his skill in negotiation. :\l the same time 
the staff <issociations of the Engineering Depart-

ment, in addition to obtaining substantial advant
ages, have gained, what is perhaps of equal import
ance, a reputation fur moderation and reasonable
ness which should stand them in good stead in 
further negotiations for a long time to come. 

Time appears to have dealt lightly with Mr. 
Shaughnessy and he has reached the age of retire
ment while still enjoying the vigour and the outlook 
of youth. It will be the earnest wish of all with 
whom he has been associated, and especially of his 
friends and colleagues-in his case the terms arc 
synonymous-in the Radio Section, that this happy 
state of affairs may lung continul'. \1r. Shaughnessy 
has always played the straight game and he has 
reaped his reward in the universal esteem in which 
he is held. Our best wishes go with Mr. Shaugh
nessy anJ his family in his retirement. 

C.J.M. 

MR. A. B. HART, M.I.E.E. 

ASSISTANT ENGINEER-IN-CHIEF. 

!\IR. HART is a Cambridge man and was educated 
al SL John's College School in that city. He 
entered the Post Office sen-ice as a telegraphist in 
the Cambridge ot1in: in 1893, but was transferred 
1 o 1 hl' engineering side in 1896 when he entered the 
S. E"s office as a Junior Clerk. In ;\larch, 'y8, he 
\\-;1s selcl'ted for sen·in' at headquarters and came 
11p to the Chief ' s  < >llit'e as a Jrd Class Clerk. He 
had lieen studying technical matters and while in the 
hl'ad oflit·e lw tm>k the opportunity of attending the 
«oursl's at the � orl hampl on Institute and the 
l'eople's l 'alace, a11d st·curl'd the C. a11d ( ;'s Silver 
;\fedal for Telegraphy. 

In those days clerks with technical bent in the 
engineering departnwnt were eligible for engineers , 
and in 1901 Mr. Hart was promoted to a 2nd Class 
t·ngineership in South \Vales. In 19oi he was pro
moted to the First Class and placed in charge of 
Brighton section. 

Mr. Hart was successful in passing a Civil Sen·ice 
examination for 2nd Class Staff Engineer (the grade 
is now known as Assistant Staff Engineer) and 
returned to headquarters in 1909, where he joined 
the transmission group under the control of the late 
'.\fr. !\. \V. Martin and took over the group when 
Mr. Martin died. At that time the underground 
trunk network was in progress of development, and 
during the seventeen years Mr. Hart was an 
.\ssistant Staff Engineer he was engaged entirely on 

this work and greatly fostered the growth of the 
system, introducing loading- and superintending the 
installation of the chain of repeater stations which 

MR. A. B. HART. make long distance telephony possible on small 
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gauge underground conductors. Un the 1st Novem
ber, ICJ28, he took over the charge of the Lines 
Section, and nO\v he has been promoted to be an 
A ssistant Engineer-in-Chief. He was one of the 
original members of the C. C. l. and attended the first 
meeting in Paris, in rc123. with Col. Purves and Mr. 
J. G. Hill. 

So much for his oflicial career. \fr. Hart has a 

fine pair of hands and drives a straight ball at golf , 

when he can find time. He is also a first rate 
mechanic and keenly interested in motoring, his first 
licence dating from 1903. Born and bred in the 
countrv, he lives there 110\\". His wife, a farmer's 
daughter. aids and abets him in his unofficial 
capacity as a yeoman of England. 

CAPTAIN J. G. HINES, M.I.E.E. 

CAPT. J. G. H11'ES. 

CAPTAIN Hnrns entered the Post Office Engineer
ing Department in :March, 1900, and was employed 
as a draughtsman in the preparation of the scheme 
for telephoning London, which the Post Office was 
about to undertake. Subsequently he assisted in 
supervising the provision of the initial underground 
plant. l\fost of the methods were new and much 

ingenuity had tti be exercised to overcome the 
difficulties inherent to new systems. 

\Vhen the installation or
" 

the Common Battery 
Exchanges commenced, Capt. Hines was employed 
as Assistant Engineer in supervising some of this 
work. 

In 1905 he was transferred tu the Engineer-in
Chief's Office, where he wrote the first edition of 
Technical Instruction.; XIV, which described the 
new methods of underground plant provision and 
also various special appliances, some of which he 
had designed. Included in these were motor-driven 

desiccators and winches, and it is interesting to 
recall that the P.O. Engineering Department was 
one of the pioneers in the introduction of portable 
machine-driven plant to replace heavy manual 
labour. In 1909, Capt. Hines went to the Test 
Section and was t"ngaged in testing cables and 
other engineering plant at manufacturers' works. 
In 1911 he returned to the London Engineering 
District as Executive Engineer of the City Internal 
Section. \Vhilc in this Section he established a 
school for telephone fitters and faultsmen, with the 
necessary equipment for giving adequate training. 
It is believed that this was the first of its kind. 

During the war Capt. Hines sern:d for a period 
in Mesopotamia an<l subsequently came back t1J 
England and organised training courses for Sign<;i 
Service officers and men. On his return to civil life, 
he was placed in charge of the Technical Section of 
the London District and prepared a lay-out scheme 
for the introduction of automatic working. 

In 1925 he was appointed Assistant Superintend
ing Engineer in the London District and was princi
pally engaged in the cxecution of the scheme above 
referred to and the provision of plant to provide for 
growth. 

In 1924 he received the Senior Silver Medal of the 
I.P.0.E.E. for a paper on the lay-out of multi
exchange areas, and in 1930 he was awarded the 
" \Vebber Award " of the Institution of Electrical 
Engineers for a paper on " The Economics of Plant 
Provision.'' 
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MR. W. J. BAILEY, M.l.E.E. 

MR. \VM. J. B,\ILEV \\·a,; edm·ated at Peckham 
Birkbeck School and pas,;L' cl an Open Competitive 
Ci,·il Servin: Examination for male telegraph 
learners and was appointed skilled telegraphist at 

the Central Telegraph Office, London, on the 29th 
August, 1885. He studied technology at the Tele
graphists ' School of Science under the then Mr. 
William Slingo. 

In January , 1890, he was transferred as Acting 
Sub-Engineer to the E!ectrician's Room, Holloway 
Factory, and wa" engaged chiefly in testing Trunk 
Switch Sections, etc. In November, 1896, he took 
up duty as Sub-Engineer at Sunderland, in which 
district the Post Olllce was in serious competition 
with the \lational Telephone Coy. He received 
n>mmendat ion for various improvements which he 
effected in the Secret Switching System in use in 
that District at that time. In NO\·ember, 1899, he 
was promoted to the grade of 2nd Class Engineer 
at Sunderland. Frnm 1898 to 1906 he held lecture
ships in Technical Telegraph anti Telephony at 
South Shields Higher ( ;radt· Schools, the Sunder
land Technical College and Armstrong College, 
:\1 ewcastle-on-Tync. In November, 1906, he was 
appointed 1 st Class Engineer at Bradford. In 
December, 1908, Mr. Bailey passed the Civil Service 
l'Xamination for 2nd Class Staff Engineer and was 
appointed to the Designs Section, E.-in-C.O., in 
. \ pril , 19og, where he took a very active part in the 
introduction of the first ,\ utomatic Exchanges and 
wrote comprehensive technical descriptions of the 
Strowger & Lorimer Systems, which were published 
in this Journal, \'ols . .=; & 6. 

On 23rd '.\1arch, 1q27, he was appointed Staff 
Engineer, in charge of the Equipment Section, 
sw·ceeding· the latl· Mr. :\I. Ramsay as Chairman of 
the London Automatic Committee. 

:\fr. Bailey initiated the Section swimming club 
and presented a Challenge Cup for competition He 
took a very actin· part in the Engineer-in-Chief's 
Social & Sports Club, bting chairman of the Central 
Committee. 

MR. BERNARD OGLIE ANSON, M.1.E.E . 

. MR. B. 0. ANSON was promoted to bt Staff 
Engineer in charge of the Equipment Section on 1 st 
J unc last. HP entered the t elegraph service of I he 
Post OHice in 1896 and began his career in the 
Engineering Department in 1903. 

Characterised by a progressive outlook, it is 
natural that l\lr. Anson should have been identified 
from the outset with the introduction of Automatic 
Telephony into this country and that he should have 
been prominently associated with every stage of 
development of automatic telephones in their applica
tion to the British Post Oflice telephone system. He 
was a member of the Commission that visited the 

United States of America with Sir v\'illiam Noble 
to study automatic telephone systems in 1919, and 
he has also made official and semi-oflicial visits to 
France, Holland, Sweden, Japan, China, India and 
Egypt. 

In 1929 his services were placed at the disposal of 
the Shanghai Municipal Council to investigate and 
report upon the telephone system of that city. The 
report which he presented to the Council at the end 
of a few weeks visit to Shanghai was far-reaching 
and convincing. Such was the confidence of the 
Municipal Council in Mr. Anson's ability and jm!g
ment, that his report was adopted in its entirety and 
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Mn. B. 0. ANSON. 

his recommendat ions are now in course of being 
implement<:cl,  notwithstanding the fact that their 
adoption inn)lves the rebuilding of the Shanghai 
telephone system within a period of two years at a 

cap ital cost exceeding onl' million pounds. 
Mr. Anson instituted, organised and planned the 

Engineer-in-Chief's Automatic and Repeater Train
ing· School, which is known throughout the service 
as a model of etticiencv antl which has contributed 
so largely to the sucn:ssful introduction and main
tenance of automatic telephones in the London and 
other important areas. 

The success which has attended the widesp read 
introduction of Rural ,\ utomatic Exchanges through

llUt the country during thl' past few years is also 
largely due to Mr. :\nson's foresight and energy 
and his ability to ad1ien: important results quickly. 

Always keenly i nterested in the training of 
personnel he was a member of the Committee on the 
Training of Probationary Engineers and Inspectors 
and of the Committee on the Training of Youths. 
He has also been a nH:mlH'r of the follllwing and 
other Departmenta l Committl'l'S :-\\'ork and Staff 
of the Engincer-in-Chief · s Office, Co-ordination of 
Development and Rt·scard1, Design of Automatic 
Systems for London and LargT Cities, Tra ffic Con
trol for :\utomatic Exchangt's. 

He is Examiner in Tl'iephony for the City and 
(;uilds of London Institute and in the same subject 
for the (;raduates examination of tht' Institution of 
Electrical Enginet·rs. 

His wide experience of neg«1tiation in matters 
connected with staff conditions caused him to be 
chosen as first J oint Secretary of the Official Side of 
the Departmental \Vhitley <. 'ouncil whf:'n V/hitleyism 
was first introduced into the Engineering Depart
ment. 

Readers of this Journal will be familiar with the 
name of Mr . H. 0. Anson. He has been an 
energetic member of the Board of Editors for many 
\"ears and has been Chairman of the Board since 
-ICJ26. His Chairmanship is distinguished by the 
same spirit of progr('ss and enterprise as he <lisplays 
in all his official and other a\'livities. Ht' is also a 
Member of Council of the Institution of Post Office 
Electrical Engineers and is Treasurer to the Institu
tion for the present year. 

MR. J. J. MARKWICK. 

MR. MARK\\'ICI\ retired from the service at the end 
of March last, having reached the allotted span. 
His name had been associated for many years with 
Fire Alarms, but it is a mistake to think his activities 
were confined entirely to that branch of the Depart
ment's manifold services. As Assistant Staff En
gineer in the Designs Section he was responsible for 
Telegraph apparatus and he was also entrusted \vith 
the task of standardising telephone subscribers' 
app aratus. 

He, like Mr. Shaughnessy and many other well
known men, graduated in the hard but bracing 
school of TS and was promoted Sub-Engineer with 

headquarters in the Electricians' Room, Holloway 
Facton·. \Vhile there he won the medal fur Tele
phony: Final grade. Si1· T. F. Purves , then plain 
�lr. T. F. I'., selected Mr. Markwick to take charge 
of and test out the installation of the Metropol itan 
Inter-Com S\vitch b\" the B. I. and H. Cov. \\"hen 
tht· board was take;1 over by the Department Mr. 
.'Vlarko.vick went to assist Mr. Sinnott in the Designs 
Section on Fire Alarms and soon made himself 
master of the various systems then in use and 
developed and improve

.
cl the L.C.C. and other 

corporatitrn services. He passeci through the grades 
of Second Class, Assistant and Executive Engineers 
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and then succeeded the late Mr. Mcinnes as 
Assistant Staff Engineer, all in the Designs Section. 
During the war he carried out many experiments on 
the use of the buzzer with search coils for various 
purposes and also on the Fullerphone. He retires 
with the best wishes of his many friends in the 

Department and outside. In his youth he was an 
enthusiastic cyclist and spent many holidays on tour 
in Europe. He has now turned his attention to 
motoring and has already covered most of the roads 
in the fine count1-y that lies north, west and south of 
Harrow. 

DISTRICT NOTES. 

LONDON DISTRICT. 

Growth of Telephone System.-During the quarter 
ended 31st March, 1931, the nett additions in 
exchange lines and stations amounted to 6.J43 and 
10,033 respectively. The total is now 413,882 
exchange lines and 696, 108 telephone stations. 

The total loop mileage of telephone wire is 
1,514,622. This includes the junction and trunk 
mileage. The number of telephone kiosks in the 
London area now exceeds 2,300 and additions are 
being made daily. 

New Automatic Exchange.-The Leytonstone 
exchange was opened on Thursday, 7th May, at 
I.JO p.m., with the transfer of l,786 subscribers' 
lines, of which 780 were transferred from the hypo
thetical exchange at Walthamstow, 516 from \Van
stead and 490 from Maryland. The exchange was 
installed by the General Electric Company, Limited, 
and has an initial capacity of 2,470 lines with an 
ultimate capacity of 10,000. At the time of open
ing 186 outgoing and 146 incoming junr,tions Wl"re 

also brought into use. 
The successful nature of tlw transfer mav be 

gauged from the fact that in the post-transfer tests, 
which were completed in an hour and a ha)f, only 
two subscribers lines were faulty and not a single 
junction was out of order. 

New Trunk Record Positions G.P.0. South.-The 
new suite of Trunk Record positions on the 5th 
floor, G.P.0. South, installed by Standard Tele
phones �.nd Cables Limited, in conjunction with the 
local staff, was brought into use on the afternoon of 
Saturday, May 9th. The positions, which number 
6o, are arranged in three suites, and will in due 
course be utilised for combined Record and No Delay 
working, but at present they will only be used as 
Record positions, in replacement of the existing 
suite on the lst floor. Ultimately, the outgoing 
junction multiple on these new positions will accom
modate circuits to the main Trunk centres and thus 
enable direct connections to be made. For the 
present, the record tickets will be made out in the 
usual way and passed, via ticket tubes accessible to 
every operator, to a central point from which they 
can be retransmitted by tube to the appropriate 
Trunk position. 

Prior to the transfer, a complete test was made 
of every calling circuit and cord circuit, both from 

the Trunk Main Frame and the distant exchange 
manual coard. The transfer of the record lines was 
effected in three groups, viz. : -

Group T.-3.0 p.m.-3.30 p.m. All single 
record circuits from London Exchanges. 

Group II.-3.30 p.m.-4.0 p.m. The second 
half of each group of more than one. 

Group III.-4.0 p.m.-4.30 p.m. The first 
half of each group of more than one. 

The arrangements thus made enabled continuous 
service to be given from all exchanges in the London 
area during the change over period. Subsequent to 
the transfer a test was made of all circuits from all 
manual ::incl automatic local exchanges and indicated 
that the whole transfer was satisfactory. 

Gamewell Fire Alarm System.-Reference was 
made in the last issue to the installation of a new 
Fire Alarm System for the London County Council 
in the Southwark area. The new svstem, on which 
the apparatus was installed by Standard Telephones 
and Cables, Ltd., ·was brought into use on Tuesday, 
May 5th, and was regarded of such importance that 
many of the officials of the L.C.C. and Fire Brigade 
were present to sec the system in operation. The 
following additional details may be of interest :-

Two !cops are provided in the Southwark area 
with 28 call points in all. These loops are continued 
on junctions from the Southwark Fire Station to 
'Vhitefriars Superintendent Station, where four 
batteries, of which two are standbys, and each com
posed of 90 10-A. H. cells of the Chloride MMG1 
type, provide the necessary current for the loops. 
In the event of faults on the junction lines, power 
may be supplied to the loops from the Power Supply 
at Southwark Fire Station by means of a rectifier. 

Fire calls made from the boxes give audible and 
visual indication at both stations at the same time. 
The system provides for uninterrupted service in the 
event of an earth fault or break in the street loops. 
It also incorporates telephone facilities for the use 
of the Fire Brigade for communicating between 
alarm boxes and the Fire Stations. 

The equipment at the Superintendent Station at 
Whitefriars comprises a switchboard, register table, 
bell and batteries. The switchboard accommodates 
two fire alarm circuits and is mounted with appar
atus and instruments for use in the recording circuit, 
telephone circuit and battery charge and discharge 
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circuits. The register table carries a multi-circuit 
register, time and date stamp with clock, and paper 
take-up reel. 

The Out-Station equipment at Southwark com
prises a switchboard, a register table, three gongs 
and a bell. The switchboard accommodates two 
fire alarm circuits and carries the apparatus and 
instruments for use in the recording and telephone 
circuits as well as the rectifier for emergency_ pur
poses. The register table carries three single circuit 
registers with associated take-up reel, one for 
1.ormal use, and one spare. The gongs are mounted 
in the Fire Engine Room and give audible indica
tion of the fire calls. The registers in use are 
arranged to close circuits for the ringing of call bells 
in the Firemen's Quarters upon the receipt of fire 
calls. 

Teleprinters.-The use of this type of apparatus 
is steadily increasing and there are now 250 sets in 
the Central Telegraph Office. 

Stamp Vending 1vfachines.-A number of machines 
have been installed in the London area at which it is 
possible to obtain a two shilling book of stamps by 
the insertion of a florin or two separate shillings. 

Traffic Signals .-A new and improved system of 
traffic 'lignals is being installed in Oxford Street. 
The telephone apparatus and the lines for both tele
phones 2nd signals are being supplied by the Post 
Office. This system will enable a traffic control 
officer stationed at Oxford Circus not only to super
vise traffic at that point from North to South and 
East to West, but he will also be able to control 
traffic which enters Oxford Street from side streets 
between Marble Arch and Tottenham Court Road. 

Unique Telephone System.-Dorchester House, a 
palatial hotel which has been erected near Hyde 
Park, contains many uncommon features, not least 
of which is the telephone system. Each room has 
an extension from the main switchboard for obtain
ing access to the public telephone system in the 
usual way, but the telephones are of special design. 
Each consists of a hand micro-telephone with 
accommodation for two press buttons. One of 
these buttons is used to effect direct connection with 
the service room where the circuit terminates on a 
special switchboard equipped with lamp signals and 
an automatic searching device to pick up the calling 
line. Requests can thus be made without the aid of 
a P.B.X. operator. When the second press button 
is depressed a sectional signal and alarm is operated 
in the service room and at the same time a lamp 
signal is operated outside the room door in the 
corridor. This lamp can only be extinguished from 
inside the room and is effected by a servant inserting 
an insulated peg which disengages a mechanical 
lock on a relay. 

SCOTLAND WEST DISTRICT. 
The conversion of the Ayr and Prestwick Ex

changes to automatic working was successfully 

carried out on the 2nd instant. The installation at 
both of these exchanges has been installed by 
Messrs. Ericsson Telephones Ltd. 

At Ayr, calling equipment is provided for I ,835 
lines wit!1 an ultimate of 3,960 lines. At Prestwick 
the corresponding figures arc 560 and I ,260 respec
tively. 

NORTHERN DISTRICT. 

The Sixth Annual Dinner of the Middlesbrough 
Engineering Section was held at the \Vellington 
Hotel, Middlesbrough, on the 14th March. It was 
a large and representative gathering, the interest 
and enthusiasm with regard to this function being 
well maintained. The guests of the evening were 
Mr. F. G. C. Baldwin, the Superintending Engineer; 
Mr. B. A. Burton, the Head Postmaster of Middles
brough and Stockton-on-Tees, and Capt. H. A. 
Berry, the District Manager, North Eastern Tele
phone District. 

The Chairman-Mr. J. I. Smith, Sectional En
gineer-in his opening remarks spoke of the good 
relations which existed between the various Depart
ments. 'Ve were honoured in having as our guests, 
the Superintending Engineer, the Head Postmaster, 
and the District Manager. Mr. Baldwin we all 
know very well, but both Mr. Burton and Capt. 
Berry were newcomers to the district, and we give 
them a hearty welcome. He hoped it would not be 
the last time they would be with us at our annual 
function. 

The Head Postmaster in proposing the toast of 
'' The Pest Office Engineering Department,'' said 
he had the greatest admiration for the Engineering 
Department on account of the intricacy and magni
tude of its work. He had many friends in this 
Department, and he was grateful for the opportunity 
of expressing his appreciation of Mr. Smith and his 
staff at Middlesbrough who took care that the 
relationship between the Commercial side and the 
Technical side was of the happiest, and whether it 
be telephones, telegraphs, electric lighting, clocks 
or lifts, if they were in any difficulty one or other 
of the Engineer's staff was quickly along with the 
remedy. 

Mr. Baldwin, in replying to the toast, spoke of the 
many changes that had taken place in the Northern 
District both in the work and in the Staff. He re
ferred to the Engineering achievements, the largest 
of which was the simultaneous transfer from thirteen 
Manual Exchanges to twelve Automatic Exchanges 
in the Newcastle area-this being the largest 
transfer of its kind ever undertaken in this country. 
He took this opportunity of expressing personally 
his thanks to all those in the Middlesbrough Section 
who had helped to make the transfer a success. 

Mr. W. D. Williamson-Chairman of the Middles
brough Branch of the P.O. Engineering Union-in 
proposing the toast of " Our Guests " spoke in a 
few well chosen words of the aim and object for 



DISTRICT NOTES. 

which not only the Engineering Department, but the 
other Departments represented by our Guests, were 
working in unison-the success of that vast under
taking the British Post Office. 

Capt. Berry responded to this toast in a very 
hreezv and witty speech. He spoke of the hearty 
welcO'me he had received from the people in the 
North and he felt sure he was going to be happy in 
his new sphere. 

During the evening the Sectional Engineer, on 
behalf of the Staff, presented a bureau to Mr. W. 
Tait, wh;) had recently been promoted to a Chief 
lnspectorship at Coventry---,ancl also a gold watch to 
Mr. H. Bowron, late Foreman, recently retired. 

An exctllent musical programme was provided by 
r.-:embers of the local staffs. 

NORTH EASTERN DISTRICT. 

MR. ,R. ALEXANDER. 

The passing of Richard Alexander on 27th Decem
ber, 1930, was one of those tragic happenings which 
reminded us, with unusual force, of the uncertainty 
of life. He left Leeds early on December 24th and, 
with his wife and daughter, travelled in his motor-car 
to Dunbar, where a very happy Christmas was spent 
in the house to which he intended to remove on his 
retirement from the service-timed for the latter part 
of the present summer. During the morning of 
December 27th he was taken ill but apparently 
recovered, only to suffer, in the evening, a relapse 
which culminated fatally in a few minutes. 

Mr. Alexander commenced his service in Edin
burgh as a S. C. and T., at the age of l 5, on 29th 
October, 1885; later, he took up the study of 
technical and scientific subjects and the knowledge 
thus acquired led to his transfer on l st March, 1898, 
to a Clerkship in the office of the Superintending 
Engineer, Mr. James Gibson. 

Early in 1903 he was promoted to an Engineer
ship (2nd Class) and proceeded to London where he 
took up duty in the Estimates Section of the E.-in
C.O. : in those pre-devolution clays, the Estimates 
Section was responsible for a very wide range of 
estimate scrutiny work, as well as for questions of 
external plant design and of stores requirements; 
and those who worked with Mr. Alexander can bear 
testimony to the big output of work which resulted 
from the steady and continuous application of his 
methodical mind to the many problems which arose 
during the infancy of the " P.O. London Telephone 
System.'' 

The next promotion came after eight years' service 
at headquarters, during which period many lasting 
friendships were formed; and, in February, 1911, 

Mr. Alexander returned to Edinburgh as Sectional 
Engineer. He acted in that capacity for . l? years 
and his ability as an engineer and adm1111strator 
enabled him to cope successfully with the numerous 
issues involved, first, in connection with the transfer 
of the N.T. Co's plant and staff at the end of l9II; 
secondly, in sPcuring a steady incr�ase i� efficien�y 
and a reduction in costs; and, thirdly, 111 the big 
task of converting the Edinburgh exchange system 
from manual to automatic working. 

He remained at Edinburgh long enough to see the 
result of his planning of the auto. transfer work, in 
the shape of a greatly improved public service! and 
in August, 1928, he came to Leeds as Assistant 
Superintending Engineer. 

ln the last stage of his career, Mr. Alexander dis
played the same high qualities as in earlier positions; 
and he rapidly gained both the respect and the 
friendship of those new colleagues with whom he 
came into contact. \Ve parted with him two days 
before Christmas, knowing that he was contem
plating a pleasant interlude in the little town from 
which, later on, we expected to receive from time to 
time many friendly messages couched in the 
humorous strain characteristic of the man : it was 
not to be, and we mourn the loss of one who, in the 
short space of two years, had become a real force in 
the North Eastern Engineering District. 

J.W.A. 

SOUTH WALES DISTRICT. 

Exhibition of Official Films.-The films showing 
the improved methods of pole hole excavation and 
cable jointing have been shown at Swansea, Cardiff, 
Newport, vVorcester and Hereford. Keen interest 
was displayed at all of these places by the workmen, 
about 400 of whom attended altogether, and Mr. 
Albry, of the Engineer-in-Chief's Office, was kept 
busily occupied in answering the inquiries and com
ments made. 

Types of R.A.X. Buildings.-In negotiating for 
a plot of land on which to erect an R.A.X. it is 
frequently necessary to meet the wishes of the land 
owner in regard to the type of building to be erected. 
For example, in villages in the Cotswold Hills the 
Department is generally asked to use Cotswold stone 
for the walls and roof instead of brick and slate. In 
a case some months ago at the village of Moccas in 
Herefordshire, in order to harmonise with the local 
amenities it was decided to erect a " mock " half
timberecl building. It is thought that the imitation 
is an exceedingly good one. The imitation of 
timbering is effected by a cement band course floated 
smooth and coated on the top of the rough cast walls 
and gables. 
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THE INSTITUTION OF 

ANNUAL 

POST OFFICE ELECTRICAL 

MEETING, 12th MAY, 1931. 

ENGINEERS 

THE President of the Institution, Col. Sir T. F. 
Purves, Engineer-in-Chief, occupied the chair and in 
opening the proceedings said :-

\Ve havf' now reached the close of another Session 
-passed another milestone in the progress of the 
Institution. For several years I have been making 
a kind of hobby of calling attention here to the 
advancement in age of the Institution, and this year 
I have to announce that it has now completed the 
full quadrant of its first century since the year of 
the first session 25 years ago. 

Those of you who have been wedded to it since the 
beginning and clone so much by your work and help 
to further its interests and causes, can look on this 
meeting as a kind of celebration of your Golclt>n 
\Veclcling. 

The Annual Report and the Accounts will be 
placed before you, and I think that, taken in con
junction with several other items of the agenda, it 
shows that the Institution is not showing any signs 
of staleness or symptoms of moribundity. It con
ttnues to be active and progressive and I am sure it 
is doing a great educational work-one that is being 
in a widespread way recognised and appreciated in 
this country and abroad. 

As you all know, the human race still has many 
years of existence to spend on this earth and it is 
impossible to knO\v what may be attained. I think, 
however, that if we could come back in a million 
years we should find the Institution carrying on and 
still playing a great and essential part in dealing 
with problems and subject matter far beyond the 
reach of our present thoughts or imagination. 

However, to-night we are more concerned with the 
immediate past than with the more or less remote 
and speculative future. 

The first item is the presentation of the Annual 
Report of the Council. 

The Annual Report of the Council was read by the 
Secretary, Mr. P. G. Hay, and the Financial State
ment for year 1930-31 was presented by the Hon. 
Treasurer, Mr. C. J. Mercer. A resolution that the 
Annual Eeport and Financial Statement be accepted 
was proposed by Mr. T. E. Herbert and seconded 
by Mr. P J. Ridel. After a statement by Mr. 
Cruickshank on the satisfactory position of the 
Journal and a complaint by Capt. Timmis on the 
time occupied in printing papers, the report and 
financial statement were adopted. A vote of 
thanks to retiring Members of Council was proposed 
by Mr. B. 0. Anson, seconded by Mr. C. W. Brown, 
and replied to by Capt. N. F. Cave-Browne-Cave. 

PRESENTATION BY THE PRESIDENT OF 
MEDALS FOR SESSION 1929-30. 

The President then presented the following 
medals:-

Senior Silver Medal to l\Ir. A. Morris, 
A.R.C.Sc., M.I.E.E., for his paper, "Tele
phone Cable Circuit Interference." 

Senior Bronze lo.I edal to Capt. A. C. Timmis, 
B.Sc., A.M.I.E.E., for his paper, " Carrier 
Current Telephony.'' 

Junior Silver Medals to Mess1-s. J. M. Owen, 
A.M.I.E.E., and J. 1\. S. :\1artin, for their 
jomt paper, " Compo�itecl Telegraph & 

Telephone \Vorking. '· 

Junior Bronze Medal to :\Ir. J. N. Hill, for his 
paper, '' Critical Methods of Investigation as 
Applied to the Study of Telephone Areas and 
Plant Lay-out.'' 

An award of £5 to Mr. G. T. Evans in respect of 
developments in telegraph technique as applied to 
Radio Circuits (Valve relay), and a joint award of 
£5 to Messrs. F. I. Ray, B.Sc. (Eng.), A.M.l.E.E., 
and :\. \V. Biddlecombe in respect of a new type of 
relay for use in Automatic Telephone Exchanges, 
were then given under the terms of the Booth
Baudot Award. 

The President announced that Mr. G. F. Greenham 
and Mr. E. J. \Vilby would be respectively Chairman 
and Vice-Chairman of the London Centre for the 
session 1931-32. 

COUNCIL FOR THE YEAR 1931-32. 

The constitution of the Council for the year 
1931-32 will be as follows :-

Chairman-Col. A. G. Lee. 

Honorary Treasurer-Mr. B. 0. Anson. 

Representing Staff of the Engineer-in-Chief's Office-

" 

" 

Mr. C. W. Brown and Mr. E. S. 
Ritter. 

Executive Engineers-
London : Mr. W. C. Burbridge. 
Provinces : Capt. H. Hill. 

Asst. & Second Class Engineers
London : Mr. J. Prescott. 
Provinces: Mr. G. Bailey. 
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" 

" 

Chief Inspectors-
London : *Mr. A. Miller. 
Provinces: Mr. \V. Weightman. 

Clerical Staff-
London : l\ir. J. T. Kelly. 
Provinces: Mr. J. Mawson and 

Mr. A. C. Smith. 

Inspectors-
London: Mr. A. E. Donovan. 
Provinces: Mr. R. P. Collins. 

Draughtsmen-
London and Provinces : Mr. F. 

Downward. 

* This representative has since been promoted, 
and a further election is now proceeding in connec
tion with the resultant vacancy. 

ESSAY COMPETITION. 

The Judges reported to the Council that the Prize 
\Vinners in the recent Essay Competition for the 
Session, arranged in order of merit, are as follows : 

L. F J. Brunel, S.\V. Class II., Guildford. 
" Modern Aspects of Electricity and l\fag
netism. '' 

J. C. Alexander, C.S.\V., London. "An Intro
duction to the Electronic Theory and the 
Conduction of Electricity in Matter." 

G. E. Clarke, S. \tV. Class I., Radio Section, 
E.-in-C.O. '' The Piezo-electric Crystal." 

W. E. T. Andrews, S. W. Class II., Cambridge. 
'' Sound and Hearing.'' 

H. Miles, S. vV. Class I., Manchester. " The 
Faultsman and the Subscriber.'' 

The Council decided to award Certificates of Ylcrit 
to the following four competitors vvho were next in 
order of merit:-

A. A. Hard, S.W. Class 11., Ipswich. " In
sulation in Automatic Areas." 

R. N. Renton, S. vV. Class I., Circuit Lab., 

E.-in-C.O. " The Development of A.C. 
Apparatus in Telegraphy and Telephony." 

C. G. Wardrop, U.S.\V., London. " Radio 
Frequency \VaVPs in Space." 

\V. H. Maddison, U.S.W., Research Section, 
E.-in-C.O. "The Electron." 

The number of essays received this year was 54, 
an increase of l 2 over last year's competition. The 
Judges reported the quality of the winning essays to 
be well up to the standard of previous years and the 
average marking also satisfactory. 

PRINTED PAPERS. 

The following is a list of the printed papers issued 
to the Membership during the Session :-
No. l 25. " The Development of Automatic 

Routiners in the British Post Office," 
A. Speight, A.M.I. E.E. 

No. 12Ci. ·' Telephone Cable Circuit Interference," 

No. 12/. 
:\' 0. 128. 

No. 129. 

No. 130. 

:\' o. 131. 

No. 132. 

No. l 33· 

,\. Morris, A.R.C.Sc., M.I.E.E. 
'' Secondary Cells,'' H. M. Turner. 

'' Critical Methods of Investigation as 
applied to the study of telephone areas 
and Plant lay-out," J. N. Hill. 
"Picture Telegraphy," E. S. Ritter, 
D.F.H., A.M.l.E.E. 
'' Composited Telegraph and Telephone 
Working," J. McOwC'n, A.M.I.E.E., and 
J. A. S. Martin. 
'' Carrier Current Telephony,'' A. C. 
Timmis, B.Sc., A.M.I.E.E. 
'' Heating and Ventilation of Post Offices 
and Telephone Exchanges," VI. T. 
Gemmell, B.Sc., A.M.I.E.E. 
'' Rural Automatic Exchanges,'' J. C. 
Dallow. 

• 

The meeting concluded after the reading and dis
cussion on a paper on '' Making the Most of Auto
·matic Telephone Apparatus. The Development of 
Traffic Recording," by W. G. N. Chew. 

LOCAL CENTRE NOTES. 

NORTH WALES CENTRE. 

The sixth and final meeting of the 1930-3 l Session 
was held at Shrewsbury on the 18th March with an 
attendance of over 70 members. In opening the 
meeting the Chairman recalled in feeling terms the 
recent death of the late Superintending Engineer of 
the North Wales District {Mr. T. Plummer), the 
members paying the usual token of respect. A 

fuller note on the loss that the District and the 
Centre has sustained is written elsewhere. 

Mr. R. Sheppard read a lengthy and comprehen
sive paper on the Birmingham Automatic Scheme. 
As the transfer of the four initial Exchanges to be 
dealt with under the proposals had been successfully 
carried out only a fortnight previously, the subject 
was eminently topical and the lecturer was able to 
clothe the bare b<mes of statistics with the flesh of 
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personal experience as a result of long and intimate 
association with the scheme. A keen discussion was 
prolongeJ to a late hour and Mr. Sheppard was 
cordially thanked for his masterly handling of the 
past, present and future of a subject which will 
eventually be the largest of its kind in the Provinces. 

J.T.W. 

SCOTLAND EAST CENTRE. 

The Session was opened on the 18th November, 
1930, when a paper entitled " Free Wayleaves " 
was read by Mr. James Patrick. The paper dealt 
with ( 1) the conditions under which way leaves on 
private property are sought; (2) the measure of 
success which has attended the efforts made to obtain 
way leaves free of payment; (3) the methods in 
force for reco;ding free wayleaves and (4) the need 
for safeguardmg wayleaves after they have been 
obtained. An interesting discussion followed. 

A paper, entitled " A.C. Rectification for Power 
Purposes," was read by Mr. R. Mc V/hirter, B. Sc., 
of the Scotland West District, at the December 
meeting. The method of converting A.C. to D.C. 
was explained; various types of rectifiers were dis
cussed, the Tungar rectifier being specially dealt 
with. The theory and characteristics of dry plate 
and electrolytic rectifiers; voltage and current 
relationships between the A.C. and D.C. sides of a 
rectifier were also dealt with, and reference was 
made to the Department's requirements. Th� sub
sequent discussion brought out some interesting 
points. 

At the January meeting a paper on "Allocations" 
was read by Mr. J. Airey. The objects of allocation 
were first pointed out and the importance of the 
correct allocation of capital and revenue expenditure 
�n business concerns was stressed. The following 
items as they affected Post Office Engineering 
expenditure were dealt with :-Budgetary system of 
control; Capital and Revenue Account; Composite 
Works; The importance of data on primary 
vouchers; Adjustment of expenditure. The Distric't 
expenditure in terms of percentages under the 
various sub-heads was stated. The paper aroused 
an interesting and lively discussion, particularly 
regarding Capital and Revenue expenditure and the 
accounting methods for surplus and recovered 
stores. 

An informal meeting was held in February where 
two short papers on the following subjects were 
read :-" Advice Notes, Motor Transport and Light 
Construction," by Mr. W. Petrie, and " Drawing 
Office Records," by Mr. R. A. H. Paterson. 

Mr. Petrie dealt with the methods employed in 
providing subscribers' circuits and carrying out 
light construction works consequent on the rapid 
growth of underground plant, the multiplicity of 
distributing points and the increased motor transport 
facilities. Other points discussed were the duties 
of survey men, the size of gangs,. suitability of tools, 

organisation of work, use of motor transport and 
suitability of vehicles. · 

Mr. Paterson detailed the various records and the 
method of preparing them and emphasised the 
necessity for furnishing correct details with the 
minimum of delay, and the value of correct and up
to-date records. The need for consulting the 
standard records before commencing work affecting 
existing plant was demonstrated. 

At the meeting in March the subject of '' Develop
ment and Underground Relief Schemes," with a dis
cussion on the new T.0.38, was introduced by 
Mr. H. Burgher. He considered the telephone 
service to be the cheapest thing sold to-day in the 
British Isles and that it should be extensively adver
tised. Too much emphasis was put on the "house" 
and too little on the possible " subscriber." Im
portant points in the different Sections of T. l.38 
were dealt with and suggestions were made with a 
view to improvements. A number of important 
points were raised in an interesting and profitable 
discussion. 

The last meeting of the Session was held on the 
21st April, when a display of Educational Films 
illustrated-

( 1) The jointing and plumbing of lead-covered 
cables. 

(2) Pole hole excavation by the " bar and spoon " 
method and " lwan " earth auger. 

(3) Shifting poles by means of pole lifting jacks 
Explanatory remarks were offered by Mr. W. H. 

Albry, who macle running comments on the pictures 
as they were shown. 

The- new methods brought forth a considerable 
number of questions and many suggestions were put 
to the lecturer. 

The ordinary attendance was increased by a 
number of the Department's workmen as well as 
officials of the Corporation, Railway Companies, 
Power and Lighting Companies and the Scottish 
Command. 

LOCAL ORGANISATION-1931-2. 

Chairman-Mr. J. D. Taylor, M. l.E.E. 
Vice-Chairman-Mr. J. T. Tattersall, A.M.l.E. E. 
Committ,�e-Messrs. J. A. Gunston, J. \V. Jarvis, 

T. Lawrie, J. Mcintosh, R. Ramsay, and W. V. 
Ryder, M.l.E.E. 

Librarian-Mr. T. Lawrie. 
Secretary-Mr. J. Airey, Superintending Engineer's 

Office, G.P.O., Edinburgh. 

SOUTH WALES CENTRE. 

A v1s1t to Messrs. Lysaghts' Works, Newport, 
Mon., in October, 1930, inaugurated the meetings of 
the South Wales District. A large attendance of 
members under the guidance of one of the Com
pany's Engineers was greatly interested in the 
various processes of steel plate manufacture. 



LOCAL CENTRE .\JOTES. 

In November, the second lecture was given by 
Mr. W. Day, on " Some notes on the conversion of 
the London Telephonic network from Manual to 
Director vVorking." The lecture was illustrated by 
lantern slides. Opportunity was taken at this meet
ing to. congratulate Mr. H. J. Hunter, late Sectional 
Engineer, Newport, on his promotion to the position 
of Assistant Superintending Engineer at Cardiff. 

The third lecture in December was given by Mr. 
E. A. Pearson, on " Waste, with general reference 
to Engineering work and Design." Mr. Pearson's 
paper dealt with the question of economy in the cost 
of production and showed that the elimination of 
waste, whether of money, material or labour, was 
1 he greatest need of all staple industries to-day. 

The fourth paper g·iven by Mr. S. G. Joscelyn, 
Swansea, on '' The Drawing Office and its Func
tions," dealt with the place and functions of the 
Drawing Office in Engineering work generally, and 
reviewed in detail the application of these to the 
particular case of tlw Post Office Engineering 
Department. 

The fifth paper was jointly given by Messrs. R. D 
Fuse and A. E. Tiley on the subject of" R.A.X's." 
!\fr. Fuse dealt with the constructional side of the 
subject and from his expert and practical knowledge 

uch valuable information was obtained. Mr. Tiley 
then dealt with the equipment details. Many lantern 
slides were shown of R.A. X. buildings installed in 
various parts of the District. 

The last lecture of the series was given by Mr. 
H. C. A. Linck and was entitled '' The Construction 
and Operation of Teleprinter 3"·" Apparatus was 
installed in the Lecture Theatre and a practical 
demonstration was given of the working of Tele
printers. 

THE INSTITUTION OF P.O. ELECTRICAL ENGINEERS. 

Officers of Colonial and Foreign Telegraph Administrations 
who are engaged in Electrical Engineering Works may be 
admitted as Colonial and Foreign Corresponding Member" 
respectively, after application. 

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

Colonial Members 
Foreign 

£1 0 0 
£1 10 0 

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

Forms of application for Colonial and Foreign Membership 
can be obtained on application to 

The Secretary, 
Institution of P.O.E. Engineers, 

G.P.O. (Alder House), E.C.1, 

or the undermentioned gentlemen who have kindly agreed 
to act as representatives of the Institution in their respective 
countries :-

R. Badenach, Esq., B.Sc. (Melb.), 
Chief Engineer's Office, 

Postmaster-General's Department, 
Treasury Gardens, 

Melbourne, C.2, 
Australia. 

H. C. Brent, Esq., 
District Telegraph Engineer's Office, 

Wellington, N .Z. 

N. N. Banerjee, Esq., A.M. l.E.E. (Ind.), 
Divisional Engineer, Telegraphs, 

Calcutta West Division, 
8, Wellesley Place, 

Calcutta, 
India. 

A. T. Kingston, Esq., M.B.E., A.M.I.E.E., 
Office of the Chief Engineer, 

Telegraphs & Telephones, 
C.T.O., 

Colombo, 
Ceylon. 

A. J. Kellaway, Esq., 
Department of Posts and Telegraphs, 

P.O. Box 366, 
Pietermaritzburg, 

South Africa. 

E. L. Jephcott, Esq., A.M.I.R.E., 
Chief Engineer's Departrr.ent, 

G.P.O. Box 391, 
Salisbury, 

South Rhodesia. 
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BOOK REVIEWS. 

'' High F rC'quency Alternating Currents.'' By 
Knox Mcilwain and J. C. Brainerd. (London: 
Messrs. Chapman & Hall). 510 pages. Price 30;
net. 

The subject matter of this book outlines a course 
designed for senior or first year graduate students 
in electrical communications and, as such, has been 
given for the past several years to students. at t.

he 
Moore School of Electrical EngineC'ring, Umvers1ty 
of Pennsylvania. . . . . 

,\ knowl<'dge of the calculus, some famil1anty with 
differential l'quations and acquaintance with the 
clcmentarv th�·orv of alternating currents, including 
the use or'comple'x numbers, is assumed. 

The term " high frequency " is used in this book 
to designate any frequency used in telephony and 
sound reproduction, in carrier telegraphy and tele
phony, and in radio telegraphy and telephony. 

The following is a brief summary of the contents. 
In an introduction the nature of sound and the 
requirements to be considered in its transmission are 
discussed. Carbon granule and condenser trans
mitters, telephone receivers, loud speakers and the 
transmission unit are dealt with in the first chapter. 
Separate chapters are t.hcn . devoted . to . resonance 
phenomena, coupled circmts, therm10�11c vacuum 
tubes, amplification, modulation, detection, pr.od�c
tion of high frequency currents, filters, transm1ss1on 
lines, electromagnetic waves, reflection and refrac
tion electro-mechanical systems. 

Although the authors lay no claim to an ex.haustive 
treatment of the subject, a large amount of mforma
tion is nevertheless given on each particular section. 

The material included and the method of presenta
tion has been chosen with a view to its suitability 
for students in electrical engineering and in this the 
authors have been very successful. 

The book is well illustrated with curves and 
diagrams and at the end of �ach chapte: a . biblio
graphy, bearing upon the subiect dealt with 111 that 
chapter, is given. 

Included in each chapter are a number of problems 
which are intended to be solved by the student. 

The book can be recommended to students in 
electrical communications and it should also prove 
very useful to engineers. 

G.W.H. 

'' Elementary Technical Electricity.'' 
Agger, B. E. 268 pps. (Published by 
Green & Co.). Price 3/6. 

By L. T. 
Longmans, 

This little book is intended to meet the needs of 
first year electrical students in evening Technical 
Schools and, although it does not cover the whole 
of the Citv and Guilds syllabus in Magnetism and 
Electricity- it should prove useful to students pre
paring fo; this examination .. After a preliminary 
survey of elementary �echan1cs, the au.thor deals 
with Magnetism, the effects of an electric current, 
primarv and secondary cells, ending with a short 
accoun-t of electro-magnetic induction. The exercises 
given at the end of each chapter have been carefully 
chosen and form a useful feature. 

'' Corso di Telefonia : 
atus." By Ing. Dott. 
Turin). 35 Lire. 

W.S.P. 

Part 1 ; Telephone Appar
Scipione Treves. (Sten : 

The rapid development in Italy, du'.in� recent 
vears of modern telephone commumcation has 
�timulated the interest of Italian engineers, tech
nicians and teachers of physical science in the art 
of modern telephony and the author of the present 
volume is to be congratulated on having produced 
the first part of what is almost certain to b.ecome the 
standard Italian text-book on the subject. The 
whole subject is to be covere<;I in �hree vol1;1me;. 
The present volume deals mamly with subscriber s 
station equipment, including protective devices, 
prepayment, and intercommunicat�ng sys

.
tems. 

Sufficient theory is included and practical considera
tion in regard to installation, maintenance and test
ing receive ample treatment. The diagra�s and 
illustrations, of which there are many, are umformly 
clear and distinct. Naturally, the type of apparatus 
and the practices d.escribed �re �hose in cur.rent use 
in Italy. Part 2 will deal with 1 elephone Lmes and 
Networks and Part 3 with Telephone Exchanges. 

J.J.M. 
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Name. 

Hart, A. B. 
Hines, Capt. J. G . .. 

Blick, F. 

Cottle, Maj. P. J., O.B.E., M.C. 
Bell, R. L. 
Chamney, R. M. 

Noyes, H. S. 
Albry, W. H. 

White, A. E. 

Jeary, L. G . ... 

Dipple, H. W. 
Stevenson, B. J ., 0.B.E. 
Paish, P. B . . . .  

Veale, A .  H .  

Miller, A. 

Little, W. R. 

King, A. G . . . •  

Dunk, W. G. 
Cresswell, W. H. 

Meldrum, F. A. 

Wilson, C. F. 
Pirie, H. A . ... 
Wood, Capt. J. A., M.C. 

Robinson, R. P. 

Davies, L. 
Collins, T. J. 
Bryant, G. H. 
Davidson, T. 
Heaton, A. 
Howcroft, A. 
Bolton, G. F. 
Layton, N. 
French, W. S. 
Sims, A. E . .. . 
Carr, G. E . .. . 
Downes, A. D. W. 
Bevis, W. F. 
Leece, W. 
Grant, C. 
Mickler, L. 
Mellish, A. 
Hutton, R. 
McCullough, J. 

PtWMOTIONS. 

From 

Staff Engineer, E.-in-C.O. 
Assistant Suptg. Engineer, London 

District. 
Executive Engineer, E.-in-C.O. 

Assistant Engineer, S. \Vest District. 
Assistant Engineer, E.-in-C.O . 
Assistant Engineer, E.-in-C.O. 

Assistant Engineer, E. District. 
Assistant Engineer, E.-in-C.O. 

Assistant Engineer, S. Lanes. 
District. 

Assistant Engineer, Scot. West. 
District. 

Assistant Engineer, E.-in-C.O. 
Assistant Engineer, E. -in-C.O. 

Chief Inspector, S. East District. 

Chief Inspector, London District. 

Chief Inspector, London Di,trict. 

Chief Inspector, London District. 

Chief Inspector, s. Mid. District. 

Chief Jm;pector, 
Chit'f Inspector, 

E.-in-C.O. 
E.-in-C.O. 

Chief I mspeclor, E.-in-C.0. 

Repeater Officer, Cl. 11., E. District. i 
Repeater Officer, Cl. II., E. District. ! 
Repeater Officer, Cl. 11., S. \Vales 

District. 
Chief Inspector, E.-in-C.O. 

Inspector, N. Wales District. 
Inspector, S. Mid. District. 
Inspector, S. East District. 

Inspector, N. District. 
Inspector, S. Lanes. Distrkt. 

Inspector, N. East District. 
Inspector, S. Mid. District. 
Inspector, London District. 
Inspector, N. Ire. District. 

Inspector, E.-in-C.O. 
Inspector, E.-in-C.0. 

Inspector, Testing Branch. 
Repeater Officer, Cl. I I., E. District. i 

{Skilled Workmen, Cl. I., N. District. I 
{ Skilled Workmen, Cl. I., Scot. W.11 District. 

To 

Assistant Engineer-in-Chief. 

Staff Engineer, E.-in-C.0. 

Assistant Suptg. Engineer, London 
District. 

Executive Engineer, S. West District. 
Executive Engineer, E.-in-C.O. 
Executive Engineer, E.-in-C.O. 

Executive Engineer, E. District. 
Executive Engineer, Testing Branch 

Birmingham. 
Executive Engineer, S. Lanes. 

District. 
Executive Engineer, S. Lanes. 

District. 
Executive Engineer, E.in-C.O. 
Executive Engineer, E.in-C.O. 

Assistant Engineer, S. East District. 

Assistan t Engineer, E.-i11-C.O. 

Assistant Engineer, London District. 

Assistant Engineer, London District. 

Date. 

1-7-31 

1-4-31 
1-4-31 

Tc.. be fixed 
later. 
16-3-31 

1-4-31 

16-3-3 1 

1-6-31 
1--4-31 

To be fixed 
later. 

To be fixed 
later. 

I To be fixed 

1 later. 

1 To be fixed 
1 later. 

Assistant Engineer, S. \\'ales District. To be fixed 

Assistant Engineer, E.-in-C.O. 
:\"istant Engineer, E.-in-C.O. 

.h,istant Engineer, S. f ,ancs. 
District. 

( '.hief I n.spector, E.-in-C.0. 
Chici Inspector, E.-in-C.0. 
Chief ln'ipector, E.-in-C.0. 

Assistant Engineer, E. District. 

Chief Inspector, N. Wales District. 
Chief Inspector, S. Mid. District. 
Chief Inspector, S. East District. 

Chief lno;pector, Scot. W. District. 
Chief Inspector, S. Lanes. District. 
Chief Inspector, N. \Vest District. 

Chief Inspector, S. Mid. District. 
Chief Inspector, London District. 

Chief Inspector, N. Ire. District. 
Chief Inspector, E.-in-C.0. 
Chief Inspector, E.-in-C.0. 

Chief Inspector, Testing Branch. 
Chief Inspector, E.-in-C.0. 

Inspectors, N. District. 

Inspectors, Scot. W. District. 

later. 
1-4-31 

To be fixed 
later. 

: To be fixed 
later. 
22-3-31 
22-3-31 

1-9-30 

To be fixed 
later. 

11
.

}To be tixecl 
later. 

i 

15-2-31 
16-8-30 

I To be fixed 
, f later. 

17-2-31 
15-3-3 I 

28-12-30 
27-u-30 
23-u-30 

25·3-31 

����·-��������������--����-



Name. 

Bogg, A. 
Voss, L. C. 
Hay, J. 
O'Roark, A. F. 

Strathern, J. 

Stokes, B. C 

Mcclarnon, J. R. 

Smith, W. C. 

Hogarth, R. :-.; . 

Speight, E. A., Ph.D. 

Brogden, A. E. 

Name. 

Knight, N. V 
Turner, A. F. 
Prescott, J. 
Goodchild, R. F. 
Atkinson, J. . . . 
Harnden, A. B. 
Nickolls, C. A. L. 
Owens, W. H. 
Renton, R. N. 
Dunn, W. K. 
Prickett, \V. . .. 
Carrette, A. D. 
Hamilton, D. F. 
Stonebanks, A. :\I. 
Judson, J. E. 
Porter, W. F. 
Watling, C. E. G. 
Fairs, A. E . ... 
Ellendon, A. H. 
Pilcher, C. J. F. 
James, L. R . ... 
Combridge, J. H. 
Mayne, E. A. 
Fogg, G .H . .. . 
Trott, L. J. . .. 
Button, G. E. 
Reed, R. E. 
Leach, F. 
Edwards, S. J. 
Pugh, S. E. 
Dolan, W. H. 
Maddison, W. H. 
Watson , L. R. 

ST,\FF CIL\NGES. 

PR0�10Tro�s-co11liHued. 

From 

Skilled Workman, Cl. I., E.-in-C.O. j 
Skilled Workman, Cl. II., E.-in-C.O. ·,if 

Skilled Workman, Cl. II., E.-in-C.O. 
Skilled Workman, Cl. II., N. \Vales 11 

District. 
Skilled Workman, Cl. !., Scot. W. 

District. 
Skilled Workman, Cl. !., S.W. 

District. 
Skilled Workman, Cl. !., N. Ire. 

District. 
Skilkt! \Yorkman, Cl. !., Scot. W. 

District. 
Skilled \Yorkman, Cl. !., Scot. W. 

District. 
Unest- Skilled Workman, E.-in-C.O. 

Skilled \\iorkman, Cl. I., N. E. 
District. 

. \PPOl�T�tENTS. 

From I 

To 

ln,pectors, E.-in-C.O. 

Inspector, N. \Vales District. 

Inspect or, Scot. \\i. District. 

lmpector, S. W. Dii>trict. 

Inspector, �- Ire. District. 

Inspector, Scot. W. District. 

Inspector, Scot. \Y. District. 

Inspector, E.-in-C.O. 

Inspector, E.-in-C.O. 

To 

Ifr I I-30 
1-1-J I 

1-1-3 I 
13-7-30 

J 1-2-29 

13-4-3 I 

To be fixed 
later. 

To be fixed 
later . 

Date. 

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

Limited Competition. Probationary Inspectors. 

1-5-31 

Open Competition. 
Probationary Inspectors 



Name. 

Shaughnessy, E. H., O.B.E. 
Bailey, W. J. 
Markwick, J. .J. 
Cheshire, F. W. 
Brown, J. 
Bannister, G. \V. 
Chambers, H. 1\1. 
Vaughan, G. H. 
MacLean, 1\1. J. 
MacKenzie, K. 
Wilshen, H. G. 
Edwards, F . ... 

Name. 

Coward, C. 
Gough, H. H. 
McEwan, J . ... 
Husband, \V. J. 

Name. 

Graham, C . ... 
Millar, H. T. W. 

Name. 

Crossley, W. C. 
Payne, W. J. A. 
Gell, E. R. 
Brockett, A. \V. 
Harmsworth, W. If. 

_, 

I 
I 

1--
1 
I 

I 

STAFF CHANGES. 

RETIREMENTS. 

Rank. 

As.sistant Engineer-in-Chief. 
Staff Engineer. 

Assistant Staff Engineer. 
Assistant Suptg. Engineer. 
Assistant Suptg. Engineer. 

Executive Engineer. 
Assistant Engineer. 
Assistant Engineer. 

Chief Inspector. 
Inspector. 
Inspector. 
Inspector. 

DEATHS. 

Rank. 

District. 

E.-in-C.O. 
E.-in-C.O. 

Eastern. 
London. 
S. West. 
London. 

S Lanes. 
Scot. West. 
Scot. West. 

London. 
N. West. 

Date. 

30-6-31 
31-5-31 
30-4-31 
31-3-31 
30-6-31 
31-3-31 
31-3-31 
28-2-31 
19-3-31 
12-4-31 
31-3-31 
14-6-31 

D
. . I D 1stnct. 

I 
ate. 

----- �----·------�-·-------- -------

Chief Inspector. 
Inspector. 
Inspector. 
Inspector. 

COLONIAL APPOINTMENTS. 

Rank and District. 

Assistant Engineer, S. Lanes. 
Assistant Engineer, E.-in-C.O. 

CLERICAL ESTABLISHMENT. 

Rank. 

H.C.O. 
H.c.o. 

RETIREMENTS. 

Executive Officer. 
H.C.O. 
H.C.O. 

N. West. 
S. Lanes. 

Scot. West. 
London. 

To 

Palestine. 
Egypt. 

I 

8-5-31 
7-2-3 l 

2-5-31 
6-3-31 

I Date. 

1--
1-4-31

--

19-6-3 l 

I 

District. I Date. 

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

S. Lanes. 
L. E. D. 
L. E. D. 
L. E. D. 
S. Eastern. 

12-4-3 l 

30-4-31 
12-6-31 
30-6-31 
26-6-31 



STAFF CHANGES. 

PROMOTIONS. 

Name. From To Date. 

--------________ , -----�-·-
Tyson, J. i • • •  ! H.C.O. (Scot. East). Staff Officer (Scot. W.) 

H.C.0. (N. Wales). 
1-4-3 l 

II-4-3 l 

13-4-31 
1-4-31 

1-5-31 

Donaldson, J. G. K. 
Willcock, H . ... 
Swan, R. K. 
Sells, W. E . ... 

Clerical Officer (N. Wa.) 
Clerical Officer (S.Lcs.) 

Clerical Officer (Scot. E.) 
Clerical Officer (L.E.D.) 

H.C.O. (S. Lanes.) 
(H.C.O. (Scot. E.) 
H.C.O. (L.E.D.) 

Golding, F. 

Name. 

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

Name. Rank. 

DEATH. 

Rank. I 

--------- J 
H.C.O. 

TRANSFERS. 

, I From 

From I Date. 

1---
North Wales. 

To Date. 

Williams, J. T. -- -- - -- --H-.C-.0-.
--

- 1 Oxford. Croydon. 27-6-31 

BOARD OF EDITORS. 
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f-f. KITCllEt\, .\1.1. E. E. 
:\. ]. (;11.1., B.Sc., l\l.l.E.E., .\1.1.R.E. 
j. D. BouLro:-:. 
J. T. KELLY. 
\V. CRUICKSHANK, YI. I. E. E., l\lanaging Editor. 
J. J. McK1c11AN, 0.B.E., .-\ . .\1.1.E.E., Assistant Editor. 

COMMUNICATIONS. 
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Binding covers and copies of the Contents for Vol. 3 to 23 
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