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The very nature of the contracts awarded to 
Alton Batteries of Merit keeps us ever on top 
of our form. For to-day, so many great: 

names, Institutions and Governments are asso- 
cited with Alton installations that never for one 
moment, is our diligence relaxed to preserve the 
trust placed in us.
Against enormous and organised compeeit'ton;

O iMb i It ■ > I t w
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against an early prejud^c—Alton Batteries of 
Meit have, through no other reason than out
standing and exemplary performance, won their 
way to the top.
And so, to continue to deserve this success, we 
remain always on tiptoe—obeeast of any means 
or method whereby we can improve our 
products.

Of MERIT
TrZefl/mne; Alton 67. Telegrams: "BATTERY, ALTON."

LONDON OFFICE:
DONNINGTON HOUSE, NORFOLK STREET, STRAND

Telephone: Tammie Barr 9265-6.
Telegrams: ' BATTERICOL ESTRAND LONDON"
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The 
Telephone 
Subscriber 

of 
Tomorrow

Provision for future development is 
perhaps the telephone engineer’s 
greatest problem. The British Post 
Office, The South African Govern
ment, the Polish and Lithuanian 
State Telephone Administrations 
are among those'who have found 
their plans for improved and exten- 
ded service materially assisted by 
having adopted :—

w

smowom
AUTOMATIC TELEPHONE

EQUIPMENT
SUPPLIED FOR BOTH PUBLIC AND PRIVATE SERVICE

AUTOMATIC ELECTRIC CO. LTD.
STROWGER WORKS, LIVERPOOL



THE IMPROVED

GEGoPHOINE
SUBSCRIBER’S SET

—the standard self-contained bakelite instru
ment for public service. Unique in design, 
unsurpassed in performance, this telephone 
possesses every feature demanded by the discri
minating user. Of those qualities important in 
the light of modern developments, the most out - 
standing is improved intelligibility resulting 
from the maximum suppression of side tone. 
This instrument is unequalled for tropical 
service and has been adopted by Adminis
trations in all parts of the world.

s.&c TELEPHONE WORKS
COVENTRY "

Telephone: Coventry 4111 Telegrams: “Springjack, Coventry "

London Office: MAGNET HOUSE, KINGSWAY, W.C.2

BRANCHES AND AGENCIES THROUGHOUT THE WORLD
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SHENLEY HOSPPTAL
fins an Ericsson Telephone System 

_ — of course!

CNLY the very best in interna telephone 
equipment would satisfy the authorities 
responssble for SHENLEY HOSPITAL and 

they chose the Ericsson Intercommunication 
System.
Every development in telephone research and 
progress has been incorporated in this fine 
system, the illustrations of which are shown here.

Ericsson’s manufacture, supply and install 
complete automatic exchange equipment of the 
‘director ’ and ‘non-director ’ types for any 
number of lines.
May we send you informative literature—post 
frese P

POioOoflratfiis, Shaw

0 The Front View of Power Board and Atto Units.
Q The Main Frame.
0 The From: View of Atto Units.
0 The Battery Room.

ERICSSON TELEPHONES LIMITED
67/73, KINGSWAY, LONDON, W.C.Z

Telephone: Holborm 3271/3 Works: BeesSon, Notts

TELEPHONE 
EXCHANGE 
EQUIPMENT
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The Telephone for noisy situations

iEMEN
NEOPHONE

TYPE 300

Can be supplied for: 
Automatic, Central Battery, 

Magneto, 8 Battery Call systems, 
to meet: practically all requirements.

In the “Neophone” Type 300 the unrivalled transmission efficiency and 
articulation of our original “ Neophone ” has been rendered still more 
effective by the addition of our new “ And-sidetone Inductton Coil.’” 
Under all conditions the side tone control of this' new instrument 
produces a delightful sense of naturalness.

Curves showing improvement effected by the use of 
our new patent iASTIC circuit in various situations.

The Type 300 “Neophone” -olve- 
the difficulty of telephoning in noisy 
offices, engine rooms, railway -tation- 
and factories where an ordinary 
telephone is almost useless.

It is used by the British Post: Office, 
and after exhaustive practical tests 
has been adopted by many important 
Electricity Supply Authorities, Rail
ways, faction Companies, Cohens, 
etc.

Full particulars on request

SIEMENS BROTHERS &CO. LTD. woolwich, londoi', s. e is.
E/epAcne.* b/oo/w/ch ll6/ I
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0 AUTOMATIC
CHARGING 

TRANSRECTER
TELEPHONE, TELEGRAPH

a SIGNAL SYSTEMS. EMERGENCY
LIGHTING & POWER
BATTERÒ Ec

ELIMINATES NEED FOR 
SKILLED MAINTENANCE 
AND ENSURES MAXIMUM 
RELIABILITY AT MINIMUM 

COST

ENTIRELY AUTOMMAIC- 
NO RELAYS, CONTACTORS 
OR MOVING PARTS OF 

ANY KIND

HIGH ELECTRICAL 
EFFFCIENCY AT ALL 

LOADS

ENSURE MUCH LONGER 
ENTTERY LIFE’ AND
REPAIRS AND RENEWALS 

PRACTICALLY 
ELIMINATED

Siemens Automatic Charging Transrecter (incorporating 
Westinghouse Metal Rectifier), in conjunction w.ith a 
suitable accumulator battery, prov.des the most effieqent 
and economical method for obtaining an ABSOLUTELY 
RELIABLE D.C SUPPLY FROM A.C. SUPPLY MAINS. 
Current is supplied as required to meet: the load conditions, 
the battery being automatically recharged at the proper 
rate to maintain it in its highest: state of efficiency, and is 
always ready should the supply mains fail.

SIEMENS BROTHERS a CQ. LIMITED
WOOLWICH, LONDON, S.E.I8.

-------------------------------------------- —— ------------------- Tel.: Woolwich ll6l -----------------------------------------------------------------------
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PUBLISHED BY PITMAN
A SeeecCion of Books for P.O. Engineers and Students

TELEPHONY.
Vol. 1. Manual Switching Systems and Line Plant. 
By T. E. Herbert, M.I.E E., Superintending Engineer 
P.O. Engineering Department, G.P.O., London, and W. S. 
Procter, A.M.I.E.E. Demy 8vo, cloth gilt, 1200 pp. Second 
Edition. 20/- net.
(Vol. 2. Automatic Telephony, in preparation). 
telegraphy.
By T. E. Herbert, M.I.E.E. A detailed exposition of the 
Telegraph System of the British Post: Office. Crown Svo, 
cloth gilt, 1224 pp. Fifth Edition. 20/- net.

relays in automatic telephony.
By R. W. Palmer, A.M.I.E.E. Crown 8vo, cloth gilt, 
190 pp. 10/6 net.

alternating current bridge methods.
By B. Hague, D.Sc.(L0nd.), Ph.D., D.I.C., A.C.G.I., 
M.I.E.E., M.A.I.E.E., F.P.S.L. Demy 8vo, cloth gilt, 
424 pp. Third Edition. 15/- net,
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By W. West, B.A., A.M.I.E.E. Demy 8vo, cloth gilt, 
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By R. T. A. Dennison, of the Engineer--n-Chief’s Depart
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12/6 net,

PRACTICAL TELEPHONE HANDBOOK AND GUIDE 
to the telephonic exchange.

By J. Poole, A.M.I.E.E. Crown 8vo, cloth gilt, 870 pp. 
Seventh Edition. 18/- net.

the director system of automatic 
telephony.

By W. E. Hudson, B.Sc., Wh.Sc, A.C.G.I., Engineer
in-Chief’s Department, G.P.O., London. Crown 8vo, cloth 
gilt, 166 pp. 5/- net.

the call indicator system in automatic 
telephony.

By A. G. Freestone, of the Automatic Training School, 
G.P.O., London. Crown 8vo, cloth gilt, 124 pp. 6/- net.

MODERN RADIO COMMUNICATION.
By J. H. Reynbr, B.Sc, A.C.G.I., D.I.C, A.M.I.E.E. 
Crown 8v0, cloth, 318 pp. Fourth Edition. 5/- net.

Write for details of these books, post free on request :

SIR ISAAC PITMAN & SONS, LTD, Parker Street, Kingsway, London, W.C2

Morning Post, 
Se—Member 15t0, 1934.
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A MILESTONE IN
TELEGRAPH HISTORY

36 W

teleprinters completely supersede 
morse apparatus in the central 

telegraph office.e

Model No. 7 Page Teleprinter

CREED &
Telephooe—

Croydon 2I2I

Model No. 3a Tape Teleprinter

The British Post Office, fol
lowing their progressive 
policy, has been steadily re
placing Morse Apparatus by 
Teleprinters during the last 
few years.
This change-over enables l00 
telegrams an hour to be 
dealt: with on each circuit as
compared with 
Morse System.

COMPANY
Telegraph House

34 by the

LTD
Te/ee—

Croydon Telex [082
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Telephone Cables
and swih'libnoarl wires

As with all other Henley Products, the manufacture of Telephone Cables, 
Switchboard Wires and auxiliary conductors is governed by the 
accumulated experience of years of specialised production.

Before delivery is made to you their behaviour 
in actual installation is computed as near as 
human ingenuity can compute it. Our Research 
Laboratories at Gravesend deal with the practi
cal problems of installation as well as those of 
manufacture. May we be of service to you?

HEM LEY

W. T. HENLEY’S TELEGRAPH WORKS COMPANY, LTD.
HOLBORN VIADUCT - LONDON, EC.I Laying-up Machines for Dry Core Cables.

Turner Differential
Milliammeters
G.P.0. No. I7
& No. I8 Meet the most 

exacting demands 
for balancing currents

in multiplex telegraph circuits.
--------------------------A quallty 
product of outstanding 
meri t-------------------- ------------

FULL SIZE

Also manufacturers 0 G.P.O. 
Deeector No. 4, and a compre
hensive line of instruments for 
precisiwn electrical measure

ments.

I m electrigal iNsmumms, Ltd.
. CHILTBKM WORK5 

55-73. TOTTERIDGE AVENUS.
Telephone : High Wycombe 301.
Telegrumc : Gorgeous, High Wyyom^, HIGH WYCOMBE.

BUCKS, ENGLAND
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IThe Post Office ON DEMAND telephone service 

o which has recently been introduced is proving of 
inestimable benefit: to business men in all phases 
of indussry.

2 Many of the additional telephone cables 'required 
• in order to provide this standard of service have 

been manufactured by us at our North Woolwich 
factory.

3 The standard of service we set ourselves to give 
• our customers for all classes of telephone cable, is 

a first class product, and NO DELAY.
Standard

B//pbwz/s and Cables LimitedNORTH WOOLWICH, E. 16
Telephone: ALBERT DOCK MOI
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The Autodial W. A. COLLETT

Introduction.

NOTWITHSTANDING the very extensive tele
phone network and the tremendous volume of 
traffic carried, the telephone communications 

of the average subscriber are in the main limited to a 
comparatively small “ circle ” with whom his 
business and private interests are mostly concerned. 
Telephone communication with other subscribers 
outside this circle constitute a small proportion of 
the total calls made. It will be found that in a
large majority of cases, the number of other sub

The external appearance of the Autodial—Fig. l— 
is a rectangular black japanned metal box, on the 
top of which are two labels bearing the names and 
telephone numbers of the subscribers obtainable. 
Between the two labels is a siding pointe’, which 
frames the name and number of the required sub
scriber. The names printed on the labels will be 
supplied by the renter and will usually be the. 
colloquial name by which the person or firm is known. 
The telephone number, by the way, is required only

scribers with Whom he is in more 
or less regular communication 
does not exceed 25, while with 
few exceptions 50 will cover 
nearly all cases. That being so, 
it becomes readily apparent that 
the process of dialling subscribers 
within that small “ circle ” can 
be reduced considerably, lraving• 
subscribers outside that “ circle ” 
to be obtained by means of the 
normal dial.

The Autodial has been designed 
to meet this need. It reduces the 
process of gaining the attention 
of another subscriber, in so far as 
the caller is concerned, to the 
simple operation of selecting the 
name of the person required and 
pressmg a lever. Nothing more. 
The Autodial is at once both a 
directory and a dial machine.

The Autodial is available in two 
sizes. The smaller, which is 
known as Autodial No. I, has a 
capacity for 25 numbers and the 
larger, known as Autodial No. 2, 
has a capacity for 50 numbers. 
One number on each type is, how- 
everr, reserved for test purposes, 
leaving 24 and 49 numbers, 
respectiveey, available to the sub
scriber.

in the case of any particular subscriber who for the

Fro. 1.—The Autodial.
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Fig. 2,—Mechanism, viewed from Front.

disc may therefore be regarded as 
taking the place of the impulse wheel 
on the normal dial. The disc, however, 
is capable of controlling the complete 
number of trains of digits necessary for 
the various systems of automatic work
ing, Unit Auto, Non-Directorr with a 
maximum of seven trains for the 
Director System. In addition, the disc 
provides for the necessary inter-digit 
pause between each train of impulses.

The disc, which is known as Disc 
Autodial No. 1 is used in both Auto
dial No. 1 and No. 2.

The disc as issued has 120 castella- 
tions or teeth. Each castehation may 
be regarded as representing an im
pulse. In preparing the disc therefore, 
the object is to cut away all the teeth 
excepting where it is required to trans - 
mit an impulse to the line.

The disc is prepared by means of 
Tool Instrument No. 273 and the 
manner of doing so is illustrated in 
Fig. 4. The disc is inserted in the 
Tool Instrument No. 273 in the manner 
shown and it will be observed that the 
disc retaining spring is uppermost.

Commenting from the slot, the disc 
is rotated in a clockwise direction and 
the first four teeth are cut off. This is

i
।

time beng- might be on 
interception service and for 
the guidance of the faults- 
man. The Autodial No. 1 
is approximately 7" long 
x 57? wide x 4" high, and 
the Autodal No. 2 is 
approximately 10" x 5s" 
x 4". '

Two vlews of the com
plete mechanism of the 
Autodial are shown in Figs. 
2 and 3.

The Number Discs.
The Autodial consists of 

a number, 25 or 50, as the 
case may be, of castellated 
discs. Each disc is pre
pared with what might be 
termed a code correspond
ing with the trains of im
pulses necessary to call a 
particular subscriber. The 
function of the disc is to 
control the impulses set up 
by the impulsing mechanism 
so that only the impulses 
necessary for the particular 
digits making up the called 
subscriber’s number are 
transmitted to the line. The

162
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Flo. 4.—Method or Preparing the Number Disc.

spindle which is coupled through a train of reduction 
gears to a clockwork motor.

The Clockwork Motor and Control Mechanism.
The clockwork mechanism is controlled by means 

of a lever, termed the Start Lever, situated on the 
front of the Autodial. This lever has two functions. 
In the first place, depression of the lever to its fullest 
extent further tensions the main spring of the clock
work motor (which is already partly wound up) equal 
to the tension lost in driving the drum of discs one 
revolution.

The second function of the start lever is illustrated 
in Fig. 5. As the fever is depressed ft rotates an

necessary in all cases, irrespective of the telephone ■ 
number, to ensure that the off-normal springs 
adequately guard against clicks throughout the 
range of adjustment of the impulse-masking springs.

Proceeding to cut the number, the disc is rotated 
unt:il the first tooth past the cut stands opposite the 
number on the gauge corresponding to the last digit. 
If, for instance, the number NAT. 6321 is to be cut 
off, then the first tooth will stand against the 
numeral 1 on the gauge. By operating the “ Tool, 
Instrument No. 273,,” eight teeth are then cut oft' the 
disc, forming an inter-digit pause of 800 milliseconds. 
The disc is then rotated until the first tooth pass: the 
cut stands against the numeral on the gauge corre- 
sponding to the last digit but one—in the telephone 
number taken as an example, this will be the 
numeral 2—and a second series of right teeth are cut 
off forming the second inter-digit pause. The re - 
maining digits are set up in a similar manner pro - 
ceeding always from the last digit backwards in the 
correct order, to the first digit and an inter-digit 
pause of 800 millisrconds bring cut out between each.

All the teeth remaining after the last digit has been 
cut, should be cut off. The finished disc will present 
the appearance of a toothed wheel having a series of 
sets of teeth. Each set of teeth will be separated 
by a space equivalent to right teeth where the teeth 
have been cut off and the number of teeth in each set 
will be equivalent to the number of the digit it is 
required to dial. The illustration shows the telephone 
number NAT 6321 already set up and the unwanted 
teeth at the end bring cut off.

It will be observed in practice that a short length 
of each tooth remains after cutting. This is in order 
and has been allowed for in design. It would 
require a much more powerful tool than Tool Instru
ment No. 273 to cut off the teeth clean at the base. 
Nevertheless, it is extremely important that the tool 
should cut off as much of the teeth as is possible, 
otherwise dialling difficulties are likely to arise.

The disc used for test purposes is prepared in the 
following manner. Commencing from the slot and 
rotating the disc in a clockwise direction cut out 10 
teeth, leave 10 teeth, cut out 40 teeth, leave 10 teeth, 
cut out 40 teeth, leaving the remaning 10 teeth. 
This disc will therefore send out three trains of 10 
impulses with a pause of 4 seconds between each of 
them.

The whole of the discs are carried on a common

Fig. 5.—OoTTROL Mechanism.

eccentric cam A on the opposite end of the main 
spindle. This e:centric cam operates a Y-shaped 
pawl. In its normal position one arm of this pawl 
engages in a slot in the cam B on the drum of discs, 
so preventing the drum rotating. The other arm 
engages a pin on the impulsing cam spindle.

The purpose of this engagement is to ensure that 
when the drum of discs comes to rest after dialllng, 
the impulsing cam will be definitely stopped in the 
position in which the impulse springs make contact. 
Reference to the circuit explanatory diagram, Fig. 6, 
will show that if this were otherwise, the line would 
be disconnected. .

Fig. 6.—CoNOExino or Autodial when used with 
Haodmicrotelephooe.

The Y-shaped pawl is normally maintained in 
position under tension provided by a light spring 
mounted on the impulsing spring bank.

When the start lever is fully depressed, the 
rccentric cam A lifts the Y-shaped pawl clear of the
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slot in cam B and upon the release of the start' lever 
the drum of discs is free to rotate. At the same 
time, the other arm of the Y-shaped pawl lifts clear 
of the pin on the impulsing cam spindle and the 
impulsing cam is also, free to rotate.

During the rotation of the discs, the Y-shaped 
pawl rides on cam B and is so kept out of engage
ment.

When the drum of discs has made one complete 
revolution, the Y-shaped pawl falls into the slot on 
cam B and further rotation of the discs is stopped. 
At the same time, the other arm of the Y-shaped 
pawl locks the impulsing cam.

The start lever returns to its normal position 
during the rotation of the discs, and must not be 
retarded or interfered with in any way during this 
return. If it be interfered with, the speed of the 
rotating discs is varied and the dialling impulses will 
be mutilated. The start lever must return to its 
normal position freely and unaided. The design of 
the start lever mechanism so that the clockwork 
motor is released only after the start lever has been 
fully depressed, obviates two difficulties. In the first 
place, it will be reahzed tiiat the main spring of the 
clockwork motor must always be kept nearly fully 
wound up, in order to maintain a relatively constant 
speed. If the clockwork motor could be released 
after the start lever had been only partly depressed, 
then, as the drum of discs must make one complete 
revolution, the condition would arise where more 
tension was taken out of the main spring than was 
put in. Consequently after a few such operations 
the clockwork motor would be completely un - 
wound, in all probability coming to rest with the 
drum of discs left in a postion other than normal. 
Moreover for a number of operations before the 
clockwork motor had become completely unwound, 
the speed would have been so much reduced as 
seriously to mutilate the impulses and render them 
useless.

The second difficulty which has been obviated by 
the design adopted is that of over-winding. It will 
be appreciated that with operations each resulting 
in a little over-winding, .tie condition would
eventually arise where the main spring would refuse 
to be wound up any more, (apart from the 
breakage) and the mechanism would lock.

risk of

Release of the mechanism could then be 
effected only by taking the mechanism out of 
the case and releasing the retaining pawl.

The speed of the Autodial is governed by 
a governor similar to that on the normal dial 
and is such that the standard impulsing 
speed of 10 impulses per second is main
tained. The method of adjustment of the 
governor on the Autodial is similar to that 
for the governor on the normal dial, the 
governor springs being bent inwards to in - 
crease speed and outwards to decrease speed. 
One difference will be observed on inspection 
of the Autodial governor, that is, the 
governor springs are set slightly inward, 
whereas in the normal dial correctly adjusted 
for speed, the governor springs are roughly 

parallel. The setting inward of the governor springs 
on the Autodial is in order that the inertia of the 
mass of discs may be more quickly overcome and 
correct speed reached as soon as possible.

The Impulsing Spring Asseinkiy. Fig. 7.
A butterfly cam of insulating material continuously 

rotating between two contact springs is employed in 
this device. The butterfly cam rotates at 5 revolu
tions per second, providing in that time 10 complete

IMPULSE CAM

Fig. 7.—Ippul.se Spring Assembly.

cycles of break and make of the impulse contact 
springs. The cutting of the butterfly cam is such as 
to provide the standard break to make ratio of 66 
and 33 milli-secs. respectively.

The Impulse Masking Spring Assembly. Figs. 8 
and 9.

The impulse maskmg springs are controlled by the 
impulse maskmg pawl. Tension is applied to the 
impulse maskmg pawl by the pawl tension spring.

PAWL TENSION SPRING

Fig. 8.—Impulse Masking Springs.

IMPULSE MASKING PAWL

IMPULSE MASKING SPRINGS

The impulse masking contact springs are extended 
in the form of wipers travelling over the wiper bars 
which are in turn wired in parallel with the impulsing 
springs. The impulse masking contact springs are 

//de Baa Minei'SOFF normal Springs 

Number Disc

[® 
I® 
[® 
i®

'S

Impulse Maskby Pawl paw, Tension Sp^hg 
Impulse Masking Spring '

Slide Bars

Fig. 9,—Elctrrical Connexions of Autodial.

Impulsing Cam

Impulse Springs
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normally making and they also make when those 
portions of the number disc where the teeth have been 
cut away are passing the impulse masking pawl. 
When the impulse masking pawl is riding on a 
casteflation on a number disc, the contact springs 
are opened and the phase relationship between these 
springs and the impulsmg springs is arranged so 
that the latter are open at the same time. By the 
special shaping of the impulse masking pawl, it is 
arranged that, when a slot between two consecutive 
castellations on a number disc forming part of a digit 
train is passmg the impulse massing pawl, although 
the pawl, in following the contour of the discs, 
reduces the clearance between the contact springs, 
they do not make contact.

It will be seen, therefore, that the impulse masking 
springs short-circuit the impulsing springs at all 
times excepting during the digit trains as set up on 
the particular disc selected.

The impulse masking spring assembly is carried 
on a bracket secured to the number selector.

Provision is made in the method of securing the 
impulse masking spring assembly to the number 
selector to provide for adjustment to ensure the 
correct phase relationship between the impulsmg 
springs and the massing springs previously referred 
to. Referring to Fig. 10, it will be seen that the

bracket carrying the impulse masking spring 
assembly is secured to the number carriage by two 
screws through drawn holes. By slacking off the 
fixing screws and rotating the eccennric screw, the 
position of the bracket can be varied. This varies 
the position of the impulse massing pawl in relation 
to the castellations on the number disc.

When in correct adjustment, the massing springs 
should break during the closure of the impulse 
springs prior to the first break of the digit train and 
remake during the closure of the impulsing springs 
immediately after the last break of the digit train.
The Number Selector.

The number selector is illustrated in Fig. 10. It 
takes the form of a sliding carriage which may be 

moved longitudinally over the drum of number discs. 
The number selector carries on its upper side a 
pointer which frames the name of the wanted sub
scriber on the label on the top of the Autodial.

Also, as previously described, on this carriage is 
fitted the impulse masking spring assembly.. By 
moving the pointer on top of the Autodial to the 
name of the called subscriber, the impulse masking 
spring assembly is positioned over the corresponding 
number disc.

Sliding Carriage Locating Device.
Fig. 11 illustrates the method whereby it is ensured 

that the number carriage will not stay in an inter-

Fig. 11.—Sliding Carriage Locating Device.

mediate position between two discs. A sted ball is 
held in tension against a rack by means of a flat 
steel spring. The steel spring should be tensioned 
sufficiently to ensure that the sliding carriage will not 
stay in an intermediate position, but not so heavily 
tensioned as to make movement of the pointer too 
stiff. , .

The flat steel spring is mounted on, a small.angle 
bracket which, being secured to the sliding carriage 
by two screws through , drawn holes, provides a 
means of adjustment of the sliding carriage in 
relation to the rack.

Off-normal. Springs Assembly. Fig- 12,
The off-normal springs serve precisely the same 

function as those on the normal dial. Normally they

Fig. 12.—Off-Normal Spring Assembly.

are resting on an ebomte collet forced on to the end 
of the number disc locating bar. They operate 
immediately the Autodial moves off normal and 
remain operated until the Autodial again comes to 
rest. ‘
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Seven-Digit A.C. Keysending

Introduction.

SEVEN-DIGIT A.C. Keysending is a develop
ment of the Four-Digit Keysending scheme 
which has been described in previous articles 

in the Journal and is a further step in the elimination 
of the B-operator in the seeting up of exchange 
connexions in the London telephone network. Since 
the introduction of automatic working, the Tandem 
exchange has been the only routing centre for in - 
directly routed traffic originated at manual exchanges 
to other exchanges in the lO-mile ring. Under the 
Semi-mechamcaa Tandem routing scheme, the A- 
operator at the manual exchange orders the call on 
an order-wire to the Tandem B-operaaor, who keys 
the required code and number into the sender, which 
then routes the call to the automatic or manuaa 
exchange required. In the Seven-Digit A.C. Key
sending scheme, the control of the call is solely in the 
hands of the A-operator, who keys seven digits, iee 
the exchange code followed by the four numerical 
digits, over a junction to a suitable nearby automatic 
exchange where the caH, after being set up in a 
sender, is routed via the normal director equipment 
to the objective exchange. The exact routing 
arrangements are described later, but the essence of 
the scheme is that each manual exchange adopting 
direct seven-digit keysending utilizes a suitable auto - 
matic exchange as a routing centre for the whole of 
its indirectly routed traffic. 71 manual exchanges, 
including 22 in the 10—12% mile ring, have been 
selected and 33 automatic exchanges in the lO-mile 
ring are to be used as routing centres for the indirect 
manual traffic. Each automatic exchange, in 
general, acts as the centre for two or three manual 
exchanges, as determined by the junction cable 
lay-out.

The decision to adopt this system in the London 
area was made for three main reasons :—

(1) The improvement in service to be anticipated 
by the fact that only one operator handles 
the call.

(2) The saving in operating cosas by the recovery 
of approximately 80 Keysender B-positions 
in the Tandem exchange, Holhorn building, 
by the beginning of 1935.

(3) The fact that the recovery of the K.S.B.- 
positions at Tandem will free space, which 
by certain re-arrangements will enable the 
new Chancery automatic unit, which must 
be opened in 1936, to be accommodated in 
the Holborn-Tandem building and thus 
obviate the provision of a new site and 
building in that area, the cost of which 
would, it is estimated, not be less than 
£100,000.

M. G. HOLMES, B.Sc.(Hons.), A.M.I.E.E. and 

P. J. SARD, A.M.I.E.E.

Outline of Method of Working.
Fig. 1 illustrates the method of routing calls under 

seven-digit keysending conditions, Fig. 1(a) illus
trating a call from a manual exchange to an auto - 
matic exchange win the keysending centre and 
mechamcaa Tandem, and Fig. l(b) illustrating a 
call from one manual exchange to another manual 
exchange via the same channels.

As regards the manual-auto call, the A-operator 
plugs into the outgoing jack of a junction to the 
keysending centre; the junction relay-set causes the 
associated sender hunt«- to search for a free 7-digit 
sender, the V.F. hunter of which searches for and 
finds a free V.F. tuned relay-set:. These relay-sets 
are used indiscriminately in connunction with the 4
digit system and the 7-digit system, i.e. the 4- and 
7-digit V.F. hunter multiples are common. Pip-pip 
tone is given back over the junction to the A- 
operator, and the caHing supervisory lamp darkens 
indic-ailn^- that keying may proceed. The A-operator 
then depresses the start and cancel key, as in the 
4-di^it system, to “ dean-up ” the sender, and then 
keys the exchange code followed by the four 
numerical digits. The single or mixed frequencies 
are received on the V.F. sets and the corresponding 
digits are stored in the sender storage relays. On 
the completion of keying, the operator’s keysend 
lamp goes out, the V.F. set having been released.

Each 7-di^it sender has assoccated with it an A- 
digit selector fitted on the same rack as the A-digit 
selectors for automatic subscribers’ traffic, thus 
having access to the whofe of the exchange Erectors. 
The seven digfts stored in the sender are trans
mitted as Strowger rnpdses to the A-digit selector 
and then to a free director on the particular level 
selected, the director pulsing out the necessary 
translation vM the sender and junction reDy-set to 
route the call from the 1st code setector (group 
seector type) to Tandem, through first and second 
Tandem, selectors and the auto-auto repeater to the 
aut°matic exchMge required. The four numeric^ 
digfts foftow and select the particular subscriber re - 
quired at the automatic exchange. When the 
daector has competed its sending-, the Sender is 
released for further caUs and the A-operator’s caHing 
sripervisory lamp re-lights till the called subscriber 
mrswers, when ft ft again darkened till the end of the 
conversation.

The same operations apply for a call to a mMual 
exchange (see Fig. 1(b) ) except that when the 
director has sent the translated impulses, a C.C.I. 
repeater ft picked up at Tandem and prevents the 
director pulsing the numerical digits until a free 
coder has been connected to the junction. The 
numerical digits are then stored in the coder until
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Fig. 1.—Method of Routing Calls.

the junction to the manual exchange has found a free 
C.C.I. position, with its associated decoding, 
storage, and display relay groups, and display panel. 
When the required number is displayed, the operator 
connects it with her cord circuit and the A-operator’s 
calling supervisory lamp remains alight until the 
subscriber answers.

Owing to the small quantity of common apparatus, 
the circuit is arranged so that the 6-12 second time 
pulse on the V.F. sets throws the sender out should 
an incomplete number of digits be set up. Pulsing 
to the director does not commence till all seven digits 
have been set up, but directly the pulsing out has 
commenced the sender is dependent upon the A-digit 
and director time pulses.

The maiority of 7-digit keysmding calls are routed 
via Tandem or Sub-Tandem exchanges after leaving 
the automatic keysmding centre, although in a few 
cases certain calls may be routed over direct junctions 
from the keysending centre off lst, 2nd or 3rd code 
selectors. in general, the outlets from the keysend
ing lst code levels are commoned to the outlets from 
the subscribers' lst code levels, so that the 7-digit 
calls and subscribers’ calls use the same junctibns, 
but in certain instances, to meet transmission con
ditions, a higher grade of conductor to Tandem or 
Sub-Tandem is required for the 7-digit traffic and 
the krysrndidg lst code tandem and sub-tandem 

levels have separate access to the higher grade 
junctions.
Development of 7-Digit Scheme through its various 

Stages: Preliminary Design.
immediately the derision to adopt 7-dijgit key

sending had been made, a considerable amount of 
work had to be carried out to determine the most 
suitable routing centres for the manual exchanges at 
which keysending was to be adopted. it was con - 
sidered uneconomical to adopt 7-digit keysmding at 
manual exchanges which would be converted to 
automatic working before the beginning of 1936 and 
one or two manual exchanges to be converted in 
1936 were eliminated owing to the absence of suit
able economic routing centres. As mentioned pre- 
vioussy, 71 manual exchanges and 33 automatic 
exchanges are involved.

To determine the most suitable routing centre for 
the manual exchanges, it was necessary to study 
each case individually from the point of view of the 
lay-out of the junction plant to adjacent automatic 
exchanges, the availabiiity of junction plant from 
these exchanges to Tandem and the area Sub
Tandem, and also the nrcessity of providing high
grade junctions to the keysmding centres and also 
to Tandem and Sub-Tandems to meet the trans - 
mission design figure used for London connexions.
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Consideration had also to be given to the number of 
junctions required; the calls -were converted to 
traffic units, combined with that of other associated 
manual exchanges, and added to that of the key
sending centre. The total traffic thus obtained was 
routed on an economic basis for direct, Sub-Tandem, 
or Tandem routing. Fig. 2 is a diagram of the

Fig. 2.—Mehhods of Routing Manually Originated 
Traffic.

possible routings for manually originated traffic. 
Locally situated automatic exchanges were not 
available for a number of manual exchanges situated 
outside the 10-mile circle and it has been decided to 
cater for this traffic at Holborn exchange by provid
ing a separate group of directors, with access to the 
Holborn outgoing routes where transmission con - 
ditions will permit. In other cases, direct access to 
the outgoing Tandem network will be provided.
Line Plant Work.

The work of providing new cables, involving in 
some cases new ductways and manholes, loading and 
balancmg, has been a task of no small magnitude 
for the external engineers in the London Engineer
ing District, but in spite of initial 
difficulties in obtaining supplies of the 
new type of loading coil, good progress 
has been made and the due dates for 
completion of certain cables have been 
anticipated by several weeks. The 
following approximate total quantities 
of material have been provided, viz., 44 
miles of cable ranging in size from 
lOOpp/40-lb. to 540-pp/20-1b.; 24,500 
loading coils in 166 loading ' pots; 8 
miles of additional duct-line. In a 
number of cases the loading, which has 
been provided to meet the 7-digit key
sending requirements, would have been 
necessary at a later stage for the rout - 
ing of Sub-Tandem traffic upon con - 
version of the keysending manual 
exchange to automatic working.
Design and Provision of the Automatic 

Equipment at Kcysenddng Centres.
Traffic data giving the estimated 

quantities to be handled at each 
keysending centre as at 1935, and 

the distribution and routing of the traffic from the 
keysending centre to the various exchanges in the 
London area, was obtained to enable the speccfica- 
tions for the equipment to be prepared and issued to 
the equipment Contractors.

Each work, which is carried out by the Contractor 
who originally installed the man exchange, involves 
the provision of junction relay-sets, sender hunters, 
7-dig’it senders and V.F. hunters, lst code selectors 
(group selector type) and A-digit selectors together 
with automatic routiners for junction relay-sets and 
senders. As regards lst code selectors and A-digit 
seeeccors, it has been found possible in a large 
number of cases to utilize spare selectors existing in 
the exchange, the group sekctors being taken from 
their original positions and mounted on an existing 
rack in proximity to the 7-digit equipment.

The senders and junction relay-sets with their 
assoc’iated V.F. hunters and sender hunters are 
mounted on standard open-type racks 1(0' 6” high 
and 4' 6" wide. Fig. 3 illustrates the junction relay
sets, senders, and lst code seketoor: it will be 
noticed that the senders are in two parts, one part 
containing the storage relays and uniselectors, and 
the other the control relays. To give an idea of the 
quantities involved, 2,400 junction relay-sets and 400 
senders are being installed in 33 exchanges.

It has been necessary at a few exchanges to pro - 
vide additional directors on existing racks to cover 
the increase of traffic quantities, and a few additional 
V.F. sets have also been provided by the Depart
ment, although, in general, the number originally 
fitted for 4-141^11 keysending has sufficed, the holding 
time being very short indeed.

During the installation of the equipment the 
standard automatic equipment tests such as insula
tion resistance, resistance of relay coils, mechamcaa 
and relay adjustments, inspection, and functional 
tests are carried out' by the local staffs. A call-

Fig. 3.—Typical Equipment at a Keysending Centre.
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through"'test is made, usually during- a week-end, 
calls bring keyed from a manual exchange into the 
automatic exchange, every exchange and special 
service in the London area being covered, the usual 
figure of 1% or less faults being the determining 
factor for'acceptance of the equipment. In this way 
every junction relay-set and every possible set-up on 
the senders is checked. As regards speccal services, 
it may be of interest: to know that it is necessary to 
key up a series of four digits after the code to cause 
the -sender- to pulse into the director. The four 
digits are not always completely pulsed to the 
director as the latter will drop out on completion of 
the translated code digits. The set-up for Telegrams 
is- for-example, TEL 2211. Furthermore, certain 
sperial services which are reached via Tandem are 
non-registering to automatic subscribers caffing; 
there is therefore no reversal of the polarity of the 
speaking wir-es incoming to the repeater at Tandem 
when the sperial service operator answers and hence 
if 7-digit traffic were routed over the same channels, 
no darkening of the A-operator’s calling supervisory 
lamp would occur. It is therefore necessary for a 
separate code to be allotted for sperial services 
obtained via the 7-ciigit keysending route and trans'- 
lated to route the traffic via a separate level in 
Tandiem, with a repeater destgned to give a reversal 
when the special services operator answers. The 
outgoing side of this repeater is teed to the outgoing 
sid«e of the normal repeater. A typical case is the 
Foreign Telegram Enquiry 559; an automatic sub
scriber dials 559 and the Tandem translation is 919 
and C.O.; a keysending operator will key 578 + 2211 
and the Tandem translation is 618 and C.O.

Another important feature of the installation work 
at the automatic exchanges is the measurement of 
the attenuator resistances to be inserted in the 
junction relay-sets to maintain a uniform value of in
put voltage to the V.F. sets. The present method 
of measuring the required values is by means of a 
meassiring set similar to a Moullin voltmeter inserted 
across the input terminals to the V.F. set and pro - 
vided with a scale in which the voltage limits are 
clearly marked. The measurement is taken by send
ing out each frequency W-9OO cycles per second, 
X-750, Y-600 and Z-500 in turn from the manual 
exchange, inserting an adjustable resistance box 
between the “ pad ” terminals and choosmg a resist
ance value which will maintain the voltage within the 
proper limits for all four frequencies. The output 
levri at the manual exchange is calculated to be 
7.5 db. above 1 milliwatt through 600 ohms and the 
input level to the V.F. sets should be between 5 and 
8 db. below 1 milliwatt through 600 ohms. On certain 
routes, in which, owing to loading, the calculated 
decbe! loss is very low, it is not possible to maintain 
the voltage limits for all four frequencies with a 
series “ pad ” and it becomes necessary to insert 
three-element or “ T-pads.” A 2 FF condenser is 
fitted in series with the shunt resistance to obviate 
shunting of the D and I relays in the junction relay
set.

Re-arrangements at Keysending Centres.
Owing to the 'combination of 7-digit traffic from 

the manual exchanges with the traffic originated by 
the automatic subscribers, it has been necessary at 
certain keysending centres to re-arrange a number 
of levels to give a more economical use of code 
selectors under the new conditions and, in addition, 
the augmenting of the routes to Tandem and Sub
Tandem has entailed the regrading of those levels, 
throwing a large quantity of work upon the IocuI 
staff before the introduction of keysending at the 
particular exchange concerned. The new codes for 
specca! services mentioned in the previous portion of 
this article have also had to be brought out on the 
directors.
Re-arrangemants and. Additional Equipment at Main 

Tandem Exchange.
A very considerable amount of work has been done 

and is still bring done at Main Tandem Exchange 
in order to meet the new conditions introduced by 
7-digit keysending. The augmentation of the in - 
coming routes from the automatic keysending 
centres, together with the provision, in certain cases 
for transmission reasons, of a separate high-grade 
route to Tandem, has entailed an increase in the 
number of lst and 2nd tandem selectors to carry the 
traffic through the purely automatic side of Tandem. 
Before the inception of 7-digit keysending, 2,880 lst 
tandem sriectors, including 110 just fitted on spare 
shelves, existed and 2,500 -were in use. It is 
estimated that by the middle of 1935 when the 
scheme, it is hoped, will be fully completed, approxi
mately 3,500 lst tandem sriectors will be required 
to carry all traffic including 7-ditgt traffic.

As the initial routes were thrown over to 7-digit 
keysending, a number of keysender B-positions with 
their assoriated lst code (group type) selectors -were 
thrown spare. In order to utilize these sriectors as 
lst tandem sriectors, it was necessary for the out - 
lets, which -were incorporated in the portion of the 
grading proper to 2nd code selectors, to be regraded 
so as to be included in the portion proper to 2nd 
tandem sriectors. Code sriector boards U/V and 
VV/X which have 480 sriectors equipped were, thrown 
spare of junctions, and each levri was regraded so 
that the outlets from the shrif multiples were con - 
nected to 2nd tandem selectors of which 250 new 
selectors had been fitted on existing racks at the 
same time as the 110 lst tandem selectors were 
added. Similarly 2nd code sriectors thrown spare 
from this regrading were picked up for use as 2nd 
tandem sriectors and the 100 levels so treated were 
regraded in approximately two months, a task of no 
smaff magnitude. Concurrently with this work, the 
larger outgoing junction groups which consist of two 
portions, i.e, one portion from tandem selectors and 
the other portion from code selectors, have had to be 
altered so that the tandem selector portion has been' in
creased and the code sriector portion correspondingly 
reduced, to cater for the transfer of incoming traffic 
from the Keysender B (code switch) side of Tandem 
to the Automatic (tandem switch) side of Tanderm 
Further alterations in this direction will have to be 
made as the number of 7-digit keysending exchanges 
increases, and further regrading of code sriectors to 
become tandem sriectors will also be necessary as
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Flo. 4~—Tandem Switchroom, 1927.

they are thrown spare by the closing of keysender B- 
positions.

It may be mentioned here that additional 3rd stage 
selectors are being installed on the third floor of the 
Holborn Building so that levels may be available for 
new automatic exchanges to be opened up to the year 
1940. At this date, the Tandem equipment will be 
deallng almost wholly with traffic originating from 
automatic exchanges, the number of keysender B- 
positions remaining being well below ten.

One effect of the transfer of the originated manual 
traffic from the keysender B- 
positions to the 1st tandem selec
tors is that calls to manual 
exchanges must now be handled 
by C.C.I. repeaters and coders at 
Tandem, whereas previously the 
senders associated with the K.S.
B-positions pulsed out the C.C.I. 
impulses to the manuaa exchange. 
Although the number of manual 
exchanges is decreasmg gradually 
year by year, it has been found 
necessary to install an additional 
600 C.C.I. repeaters and asso
ciated coder hunters, and 35 
additional coders to cater for this 
transfer of traffic. The 600 
C.C.I. repeaters have been in - 
stalled by the London District 
engineers, 60 on an existing rack 
and 540 on 6 racks thrown spare 
by the recovery of keysender B- 
positions and their assoccated 
junction relay-sets and position 
apparatus. The coder hunters 
have been installed by the Con
tractors, and as regards coders 
24 have been released from Monu
ment exchange and have been 
fitted on an existing rack, whilst 
the balance of 11 are being

obtained from spares at Holborn ex - 
change.

Owing to the necessity for opening 
Chancery automatic exchange early in 
19(3(6, the equipment Contractors are 
scheduled to start operations early in 1935, 
the Office of Works building re-arrange
ments commencing early in August this 
year. Fig. 4 indicates the Tandem switch
room as it existed originally and Fig. 5 as 
it will exist when Chancery exchange has 
been installed. It will be seen that the 
information desk and four suites of K.S.B- 
positions will have been recovered, leaving 
Holborn and Chancery A-positions, 3 K.S. 
B-positions for Holborn and Chancery, and 
33 Keysender B-positions for Tandem. It 
was not possible to free enough postions 
from 7-digit keysending transfers to clear 
the whole of the space for welfare accom
modation by August lst, hence it has been 
necessary to shift 51 K.S.B-positions to the 

Holborn end of the switchroom, i.e., 3 suites of 18 
less 3 Holborn K.S.B-positions, to cover the traffic 
requirements at this date. The suite nearest the 
welfare portion will be recovered when further 7
digit routes are introduced, in time for the installa
tion of the A-positions shown on Fig. 5, and further 
postions on the other two suites will become spare 
by 7-digit or manual to automatic conversions. Fig. 
6 is a photograph of the Tandem switchroom towards 
the close of the shifting operations.

The work of shifting the 51 K.S.B-positions has

Fm. 5.—TaNPEM-HoIOOAN-HHANCEOY SWiTCHROOM, 1936.
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Fro. 6.—Aandbm Switchroom, 1934.

been a heavy task occupying a period of five months 
and has entailed close co-operation throughout be
tween the local engineering and traffic staffs in 
diverting junctions from one position to another to 
free the postions in correct order in batches of four 
for shifting. The postions which will remain are 
the high-numbered positions 108 downwards and the 
recovery of all the low-numbered positions will free 
rack space in the apparatus room which can and no 
doubt will be used for further extension of the 
Tandem automatic equipment. The reduction in 
positions will also enable a large number of 7-digit 
senders to be recovered, freeing further space.

Additions and Rr-arrangements at Reliance Sub
Tandem Exchange.

At the above exchange, 600 additional Tandem 
selectors with associated banks have been fitted to 
cater for development and to take a certain amount 
of traffic which was originally routed via the Tandem 
keysender B-positions; a number of levels have been 
re-arranged and regraded to the revised require
ments. In addition the Reliance Exchange-Reliance 
Tandem link has been regraded, as also the Reliance- 
Main Tandem link. Reliance Exchange is the key
sending centre for Brixton, Rodney and Sydenham, 
and Reliance-Tandem is a main routing centre for 
the following keysending centres :—Brrmondsey, 
Tulse Hill, Beckenham, Macaulay, Liberty, Fair - 
field, etc.

Provision of Keysending Equipment at Manual Ex - 
changes outside the Ten-mile Ring.

AH manual exchanges inside the ten-mile ring 
were equipped with keysending equipment for the 
4-digit scheme in 1932-33 and 22 exchanges outside 
this ring are being fitted with similar equipment for 
the 7-digit scheme. .The modification of the cord 
circuits, provision of key-sets and installation of 

the V.F. generators is being carried 
out by the District staff. At four of 
the exchanges, the V.F. generators are 
being driven by motors fed from the 
exchange battery, which is being plated 
to full capacity in each case, but at the 
remaining exchanges the motors are to 
be driven from the supply mains, ether 
through a rectifier or, in the case of 
frequency - controlled mains, direct:. 
Where necessaay, the exchange battery 
capacity will be increased so that in the 
event of a mains failure the batteries 
will feed the stand-by generator for at 
least 12 hours during which emergency 
arrangements can, if necessaay, be 
made.

Organization of Work and Cut-over of 
7-Digit Routes.

A programme of this magnitude 
necessitates speci¡rl organization and 
attention at the District: headquarters. 
On the equipment side three officers, 
one of whom is occupied solely on 7

. digit work, supervise and assist the 
local staffs in the testing out of the equipment and 
the cal-through tests, confirm that everything is 
ready for handing over for traffic trials, watch the 
progress of traffic trials (for which the accepted 
figure for opening with public traffic is 89% O.K. 
calls), and asssst with maintenance in the early 
stages. These officers report progress on the various 
works day by day to the engineer in charge of the 
group;difficulties are thus brought to light early and 
given speccal attention. Discussions are held fre- 
quently to maintain close contact. with the work. 
Two skilled workmen are also fully employed in 
meaauring V.F. junctions for pad values.

In addition, one officer on the equipment side and 
one on the trunking side deal with the equipment re - 
arrangements and regrading at the Main and Sub
tandem Exchanges and thus ensures continuity and 
co-operation in this important aspect: of the work. 
Close touch is maintained between the engineers in 
the District headquarters deaalng with grading 
and traffic routing, equipment and line plant—- 
also the headquarters engineers in the Engineer
ing Department. As a result: of the efforts made by 
all staffs, local and headquarters, on this very com - 
plicated job, 30 manual exchanges working into 18 
keysending centres have been put into public service 
between the beginnmg of January and the middle of 
May this year. Fig. 7 is a graph of the busy hour 
traffic handled at the Tandem keysender B- 
positions and shows clearly the decline in traffic from 
January, 1934, to the end of May, due to 7-digit 
keysending.

It will be of interest to note that an appreciable 
improvement in service has been realized. The 
“ follow-up ” observation results on calls 7-diigit 
keyseat via 13 automatic exchanges, available when 
this article was prepared, indicate that the percentage 
of calls completed on first demand averaged 69.7, 
while the corresponding percentage for calls com -
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pleted via the Tandem Keysender B-positions was
6 6.1. It is anticipated that further improvement 

will result: as the A-operators at manual exchanges 
become more proficient: in keying seven digits.

Telegraph and Telephone Plant in the United Kingdom
TELEPHONES AND WIRE. MILEAGES. THE PROPERTY OF AND MAINTAINED BY 

THE POST OFFICE IN EACH ENGINEERING DISTRICT AS AT 30th JUNE, 1934.

Number of 
Te5ep3ones 
owned and 
maintained 

by the 
Post Office.

Overhead Wire Mileages.
Engineering 

District.

Underground Wire Mileages.

Telegraph. Trunk. Exchange* Spare. Telegraph. Trunk. Exchange* Spare.

832,P70 563 8,237 45,444 3,674 London 37,335 204,037 3,710,425 170,281
101,782 2,200 18,357 46,111 5,547 P. Eastern 4,631 58,393 370,188 60,830
116,566 3,934 37,221 72,924 5,207 S. Western 26,370 47,781 294,256 97,949
80,484 4,302 41,309 69,536 9,143 Eastern 15,475 65,465 169,654 58,315

127.P8P 6,218 49,318 56,590 10,004 N. Midland 9,940 166,736 337,390 124,020
102.6P6 3,683 30,466 64,807 5,425 P. Midland 17,062 64,384 319,428 65,596
69.860 3,161 28,683 56,632 6,347 S. Wales 6,575 54,696 166,870 43,288

139.4P3 4,898 28,507 59,219 9,441 N. Wales 8,867 80,622 453,212 114,675
182,426 945 9,486 26,668 7,103 S. Lancs. 8,888 122,578 667,622 82,265
117,338 5,105 24,459 39,414 9,103 N. Eastern 11,163 93,198 344,975 55,618
77,349 2,098 21,690 27,396 7,550 N. Western 4,312 46,621 252,546 57,082
P9,791 1,628 14,212 22,140 7,114 Northern 3,858 52,789 190,826 33,178
29,602 3,317 11,231 12,399 894 Ireland N. 265 5,569 71,211 5,534
8P,276 4,649 28,267 41,177 7,706 Scotland E. 1,230 54,978 179,307 44,454

107,099 4,404 22,937 33,258 4,727 Scotland W. 8,208 48,283 276,522 46,214

2,229,837 51,105 374,380 673,715 98,985 Totals. 164,179 1,166,130 7,804,432 1,059,299

Figures as at
1,135,584 1,024,8332,202,723 54,462 388,156 665,040 84,209 31st March, 174,190 7,771,318

1934. !
* Includes low gauge spares (i.e., wires of 20 lb. or less in cables and 40 1b. bronze on overhead routes).
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Pneumatic Tube Facilities at 
Central Telegraph Office

J. E McGREGOR,
A.C.G.I., A.M.I.E.E. and

N. W. LEWIS,
B.Sc. (Eng).

VERY extensive alterations to the London 
pneumatic street tube system have now been 
completed by the conversion of the street 

tubes to automatic working. To appreciate the 
difference in working entailed the former method of 
handling telegrams on their arrival should perhaps 
be described briefly. Street tubes are used to trans - 
mit telegraph forms to and from the Central Tele
graph Office and the various branch offices, cable 
companies’ offices and newspaper offices, and radiate 
from the C.T.O. to these offices. There is also a 
small group of offices connected to a sub-centre in 
the War Office building connected to the 
C.T.O. by trunk tubes. (Incidentally a 
smaU automatic installation has been work
ing at this War Office centre for some years 
and was described in the P.O.E.E. Journal 
for April, 19126. The design of the present 
installation has been based on the experience 
gained from this installation, but; has been 
considerably improved in many respects). 
When a carrier was received at the C.T.O. 
it was withdrawn from the tube by means of 
a hand operated terminal in the Central Hall 
(Fig. l), where the telegrams after sort - 
ing were inserted in fresh carriers and 
despatched to various parts of the building 
by means of the house tube system. From 
the delivery points of these tubes the mes - 
sages were circulated by hand to the 
telegraph operators.

Under the new system the street tube 
carrier containing the messages is auto - 
matically transferred to a house tube extern - 
sion terminating at a table in the Instrument 
Room, where it is automaticaly ejected and 
carried by a band conveyor to a point 
adjacent to the circulation table where the 
telegrams are sorted and delivered to the 
instrument tables by means of conveyors, thus cut - 
ting out much intermediate handling and many 
sources of delay. In the same way the outgoing
messages are transmitted by conveyors to the circula
tion table where they are put into carriers which are 
inserted in the tubes through the open ends, auto - 
matically transferred to street tubes, and delivered 
through flap terminals at the out offices. Pneu
matically operated electrically driven rotary switches 
have been introduced to transfer the carriers auto - 
matically from street tubes to house tube extensions 
and vice versa.

In consequence of 'the alterations, in addition to 
the saving of time and labour in handling the 
messages, valuable space has been released in the 
Central Hall while the transit time, and the time 

interval between the carriers on the tubes themselves, 
have been reduced.

The house tube extensions are operated by centri
fugal blowers instead of using the air supply from the 
main compressors for the street tubes, as was 
formerly the case, enabling a very considerable 
economy in power to be made.

Coming now to the actual details of the alterations 
it is simplest to deal first with the street tubes enter
ing the building. These have been diverted into the 
old Pneumatic Container Room in the basement 
which has been cleared for the installation of the

Fig. 1.—Old Tube Table, Central Hall.

pneumatic apparatus. This is erected in four banks 
along which run air headers for the high pressure 
and vacuum, and low vacuum and pressure air 
supplies (Fig. 2). The high pressure and vacuum 
headers and ducts connecting to the main com - 
pressors are of heavy cast iron, while galvanised iron 
is used for the low pressure and vacuum ducts and 
headers. “ Up ” carriers are brought to the C.T.O. 
by vacuum and delivered to the Instrument Room by 
low pressure, outgoing traffic being drawn to the 
switches by low vacuum and despatched through the 
street tubes under high pressure. For this purpose 
the main compressors deliver air at 10 to 12 lbs. 
pressure and 6% lbs. vacuum gauge while the blowers 
deliver the air at about 24 inches water gauge 
pressure and vacuum, these pressures and vacua
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Fig. 2.—Aoromttic Switch Room.

being reduced as required for the shorter tubes, 
having regard to the required carrier velocity. The 
street tubes are fanned out to their respective 
switches which are connected to the various air 
supplies required and to the relative house tube 
extensions. The latter are collected in runs and 
leave the switch room by means of a gantry running 
up the light well to the 3rd floor which they enter 
through the tops of the windows, and are carried 
across the ceiling to the tube table (Fig. 3) where 
the incoming tubes are terminated in flap terminals 
and the outgoing tubes in bell mouths.

The transfer of the carrier from the street to the 
house tube is carried out by a rotary switch (Fig. 4) 
driven from continually revolving shafting by means 
of a magnetic clutch. The switch, which is mounted 
on an angle iron framework containing the driving 
gear, consists of a fixed open cylindrical frame with 
top and bottom plates having orifices to which the 
street and house tubes and the air supply pipes are 
connected. Inside this frame is a rotating body

Fm. 3.—New Tube Table.

Fig. 4.—Rotary Switch.

consisting of three tubular sections welded to top 
and bottom plates similar to those on the outside 
frame. Packing rings are inserted round the orifices 
to prevent leakage of air. The pipework connexions 
are shown in Fig. 5 and the electrical connexions in 
Fig. 6. When a carrier arrives in one of the com - 
partments of the switch, it is held by a perforated 
grid covering the vacuum supply pipe. The flow 
of air is thus interrupted causing a considerable

Fig. 5.—Pieework Connexions of Rotary Switch.
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Fio. 6.—Eletrric.al Connexions of Rotary Switch.

difference of pressure before and behind the carrier. 
Small pipes, led from above and below the switch, 
transmit these pressures to a piece of apparatus 
called a differenn:ial indicator consisting of a case
divided into two compartments by a rubber 
diaphragm stiffened by aluminium discs. The 
movement of the diaphragm, caused by the relative
change of pressure, is transmitted by 
an axial pin to a pair of contacts com- 
pletmg the magnetic clutch circuit, the 
clutch is energised and couples the 
switch to the shafting. When the 
switch leaves its normal position the 
circuit through the contacts in the 
difFsren.ial indicator is broken and a 
retaining contact is therefore provided 
on the switch to maintain the slsctrical 
circuit. When the switch has made 
one third of a revolution the retaining 
contact is broken by means of a ramp 
on the rotating portion of the switch 
which then stops in a postion where 
the carrier is blown out of its compart
ment into the house tube extension. 
The latter is operated by pressure, and 
the carrier is discharged at the tube 
table. ,

The outgoing carriers are transferred 
in a similar manner, being drawn to the 
switch by low vacuum and despatched 
through the street tube under pressure, 
and discharged through a flap terminal. 

The switch always moves in the same direction, the 
various tubes and air supply pipes being arranged 
accordingly.

The supply of air to the house tube extensions is 
continuous, butterfly valves being provided in the 
various headers so that these may be isolated, or cut 
off at night when only a few street tubes are worked. 
These tubes are concentrated in one of the four 
banks. Quick-acting hand-operated valves are in - 
stalled to isolate each switch from the main vacuum 
and/or pressure headers, while the air supply to 
working switches is controlled by electro-pneumatic 
switches. These are controlled by the despatch of 
the carrier and its arrival at the switch, or by means 
of signal impulses as described later. Where the 
tubes are worked in one direction the valves are 
arranged only to open and shut off the air supply, but 
where the tubes are worked both ways, a second 
valve determines whether the supply is pressure or 
vacuum. The valve is a form of slide valve operated 
by an auxiliary supply of compressed air, the admis
sion of which is controlled by a solenoid.

The terminals for delivering the carriers, both at 
the C.T.O. and at the outside offices, are of the flap 
type in which the carrier by striking the flap opens 
it and is automatically ejected.

The main compressors, which are of the reciprocat
ing pump type, electrically driven (Fig. 7) are in an 
adjoining room, in which the blowers of the single 
stage centrifugal fan type have also been installed. 
The blowers are also used to supply the other house 
tubes in the building (Fig. 8).

The shafting for the switches is driven by one of 
two alternative motors, the speed being gradually 
stepped down by gearing at various points from 
1000 r.p.m. to 10 r.p.m. The drive from the motors
to the shaating, and from the shafting to the magnetic 
clutches,is by chain, while mechamcal clutches have 
been included to isolate the driving motors and the

Fig. 7.-—Main Compressors ; High Pressure and Vacuum.
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Fig. 8.—Cntrrifugal Fans; Low Pressure and Vacuum.

individual switches from the shafting for maintenance 
purposes. -

In common with the mechanical side of the carrier
switching equipment the electrical side has been 
largely re-designed on the basis of the experience 
gained with the War Office installation. Briefly, 
the old method of announcmg the despatch and 
arrival of carriers by means of block instruments and 
a code of bell signals has been replaced by a semi
automatic combined signal and control.-system in 
which use is. made of apparatus of modern automatic 
telephone type.

The adoption of the new system has made it 
possible to simplify the work of the tube attendant, 
at the same time eliminating certain traffic delays. 
In the case of the both-way type of tube, for example, 
the control of both “ pressure ” and “ vacuum ” air 
services was formerly vested in the C.T.O. attendant. 
It was therefore necessary for an out office attendant 
wishing to despatch a carrier to signal a request: for 
“ vacuum ” to the C.T.O. The introduction of a 
simple reservation facility has enabled the responsi
bility for the air supply to be divided equally between 
the C.T.O. and the out office, the former controlling 
the application of “ pressure ” and the latter the 
application of “ vacuum.” Further, the number of 
elcctrical controls required by the C.T.O. attendant 
has been reduced from four to one, while lamp signals 
enable the state of the tube as regards traffic con - 
ditions to be seen at a distance from the terminal. 
These two features are espedaHy valuable during 
slack periods, when several tubes are operated by one 
attendant. Another facility which should be men - 
tioned is that afforded by a timing device applied to 
the longer, more heavily loaded tubes. This allows 
trains of carriers to be sent with a relatively short 
interval between each carrier, and without the need 
for identification of the last carrier of each train by 
the operating staff.

In order to allow of speedy restora
tion of service in case of a fault on the 
signal equipment, the essential items 
for each tube are mounted in the form 
of a jacking-in relay-sett, and spare 
relay-sets of each type are kept avail
able. Standard uniselectors and 3000- 
type relays are employed throughout 
together with mercury-tube relays for 
controlling the magnetic clutches and 
electro-pneumatic valves from the 220- 
volt D.C. mains. The relay-set and 
differential indicators used for long and 
both-way tubes are illustrated in Fig. 
9, which shows the control panel. The 
corresponding circuit arrangement is 
sshown in schematic form in Fig. 10; 
relays A, P, V, PR, and VR are 
normally operated, but in accordance 
with the detached contact convention 
their contacts are shown in the un- 
operated position.

The general principles of the 
new system will be indicated by 
describing briefly the operation of this

“ long both-way ” Circ_ut. The eleccrical equip
ment associated with the despatching point at the 
C.T.O. terminal consists merely of one press-button 
(labelled “ Send or Reserve ”) and three lamps 
coloured red, white and green. One or other of 
these lamps must glow while the tube is in service. 
The green and red signals indicate respectively that 
a carrier may or may not be inserted into, the' tube.

Fig. 9,—Control Panel of a Long Bothway Tube.
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Fig. 10.—Signal Circuit for Long Bothway Tubes.

The white signal indicates that a carrier is on its way 
from the out office, with “ vacuum ” bring applied 
to the main tube for the purpose. At the out office, 
a “ Send or Reserve ” press-button and a pair of 
doll’s eye indicators fulfil functions similar to those 
of the apparatus at the C.T.O. terminal. An 
additional press-button is provided for acknowledg
ing the receipt of carriers; its replacement by an 
automatic carrier-operated device is under considera
tion.

Normally, when the tube is empty of carriers, the 
green signal is shown at the C.T.O. To send a 
carrier, the attendant merely inserts it into the open 
end of the tube after pressing the button once. The 
green signal is thereby changed to red and the appro
priate electro-pneumatic valves operated so as to 
cause “ pressure ” to be applied to the main tube. 
At the same time the uniselector is stepped o5' its 
home position and allowed to rotate at the rate of 
one step in 6 seconds (30 seconds in the case of a very 
long tube) under the control of a master clock. 
When the contact marked F in the diagram is 
reached, the green signalis restored thus indicating 
to the attendant that another carrier may be 
despatched. If traffic ir waiting, the buttoo ir there
fore again pressed and a second carrier inserted. 
The green signal is again changed to red, and the 
uniselector caused to “ home ” rapidly and then to 

recommence its slow rotation under clock control. 
In the absence of any traffic in the opposite direction 
this process may be repeated iaSefiniteiy, resulting in 
the transmission of a train of carriers. The time 
required for the uniselector to travel from home to 
the F contact is known as the “ feeding int^rval ” 
and is adjusted for each tube to a value such that a 
maximum of from six to eight carriers may travel 
in the tube at a time.

If, however, no. traffic is waiting, the uniselector 
steps on past the F contact and continues until that 
marked C in the diagram is reached. At this point 
it stops and prepares a circuit for the restoration of 
normal conditions, including the cutting-off of the 
“ pressure ” supply. The actual restoration rignal 
is given by the out office “ Receive ” button, which 
is pressed by the attendant on recript: of each carrier. 
The C contact is selected for each tube so that its 
distance from the home contact corresponds .to a 
“ clearing interval ” rather less than the transit time 
of the tube. It will be seen that the function of the 
unisriector is thus to render the clearing circuit 
ineffective until a short time before the last carrier of 
the train is due to arrive at the out office.

By means of the reservation feature, the attendant 
at either terminal is empowered to reserve the tube for 
the next “ torn ” at any time while a carrier is on 
its way towards him from the other terminal. For 
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instance, at any moment during the transmission of 
a train of carriers from the C.T.O., the out office 
attendant is able, by pressing the “ Send or 
Reserve ” button once, to maintain the red signal at 
the C.T.O. and so prevent the despatch of further 
carriers for the time being. As soon as the last of 
the train has arrived at the out office and been 
acknowledged, the attendant may take up his reser- 
vation by pressing the “ Send or Reserve ” button 
again and inserting a carrier. Similarly, the C.T.O. 
attendant may reserve the tube at any instant while 
the white signal is being shown, merely by pressing 
the button. It will be clear that the reseevation 
feature ensures that the tube is worked on a strictly 
“ carrier-for-carrier ” basis during periods of heavy 
traffic in both directions.

Full attention has been paid to the question of the 
provision of adequate testing and alarm facilities. 
The miscellaneous apparatus rack (Fig. 11) includes 
a field of break jacks for the line and relay circuits, 
two test panels for testing relay-sets either separately 
or in. situ, and a voltmeter test set for diagnosing 
line and apparatus faults. A delayed alarm, func
tioning on the S- and Z-pulse principle familiar in 
the “ forced release ” circuits of automatic telephone 
practice, is provided for drawing the attention of the 
maintenance staff after a few seconds to any rotary 
switch which becomes jammed by a damaged carrier 
or allowed to rotate continuously by a faulty differ
ential indicator. In addition to giving visible and 
audible warning, the alarm throws the tube out of 
service by cutting off the air supply and disconnecting 
the signals at both ends.

For the rapid exchange of operating data and 
instructions, a telephone order wire system is pro - 
vided. This consists of a central switchboard 
located near the C.T.O. terminals, with lines radiat
ing to the out offices at each of which a hand-micro
telephone is installed. Owing to the importance of 
the signal line associated with each both-way tube, 
a specal key is included in the equipment at the out 
office for crossing over the signal line and order wire 

in the event of a fault on the former. This key may 
be thrown by the tube attendant; in co-operation with 
the C.T.O. maintenance officer and so enable service

Fig. H.—ISisellaaneous Apparatus Rack.

to be promptly restored. A further emergency 
facility is, howeverr available for affording the 
C.T.O. attendant full control of any both-way tube 
in the rare case of failure of both lines.

Book Review
“ Radio Receiver Mnasurements.” By Roy M.

Barnard, London. Olifie & Sons, Ltd., 116 pp., price 4/6.
This work is described as being a concise handbook for 

the radio service engineer, giving up-to-date methods of 
receiver testing with full descriptions of comma-dal 
signal generators and their applicaton to the adjustment 
of modern superheterodynes and “ straight ” receivers.

The above claims are fully justified and the book admir
ably fulfils its purpose. There is much information in 
this book which, although fairly well known among radio 
laboratory workers, has not hitherto been published in a 
collected and orderly arrangement and the work should 
therefore be a most useful reference book.

One of the most attractive features is a tabular sum - 
mary at the end of the more important chapters where 
the various tests previously described are concisely re - 
viewed for ready reference.

The book does not attempt to describe the design and 
construction of testing apparatus, but rather its applica
178

tion to actual measurements. There is one point, how
ever, where some additional information might be of 
advantage and help in the avoidance of errors and wrong 
methods. In deafing with the use of attenuators, the 
conditions of termination of the various types do not 
appear to be as clearly established as they' might have 
been and it is suggested that this matter might be 
amplified when opportumty occurs.

The author has had considerable experience in the sub
ject on which he writes with one of the leading radio 
engineering firms in this country, not only on broadcast 
receivers but also on super-sensstive and superselective 
commerccal telephone and telegraph receivers and his 
views and recommendations may be accepted as authorita
tive.

In view of its modest: price the book is excellent value 
and can be thoroughly recommended to all persons inter
ested in or engaged on the measurement of performance 
of radio receivers. a j g



Parcel Conveyors D. P. GILBERT

THE first conveyor to be used in the British 
Post Office was installed in 1902, and since 
that date there has been a great development 

in their use as a means for transporting-and handling 
postal matter. In this article, it is proposed to give 
a description of the application of the latest develop
ments in a conveyor system that has recently been 
installed for handling parcel mails.

Introductory.

The cost and difficulties of transportmg parcels 
into an office for sorting, and out again for despatch 
by means of manual labour have been increasing for 
some years past. Whatever the number of parcels 
to be dealt with, the sorting must be completed and 
the parcels despatched to the various railway stations 
in time to be placed on board the mail trains which 
depart at specified times.

It has been necessary to maintain and store a large 
number of hand trucks, to have an ever increasing 

and elastic force of porters, to maintain wide gang - 
ways throughout the sorting offices and to provide 
storage space on the sorting office floors, threatening 
to encroach, and in some cases actually encroaching 
upon valuable and limited sorting space, especially at 
Christmas time.

In the ’90’s, parcels were carefully packed in 
strong wicker baskets, some 5 ft. x 2ft. x 2 ft., 
provided with runners and each basket was locked 
and sealed with seahng wax. These baskets were 
dragged by porters across the floor of the sorting 
office to the sorters who unpacked, sorted the con - 
tents and repacked thennfor despatch, but owing to 
the increasing numbers to be dealt with, bags were 
substituted for the baskets, and lead seals for selfing 
wax. The bags were loaded on hand trucks and 
wheeled to a primary sorting table. To-day, the 
numbers dealt with are such that it has become 
necessary, in order to obtain the greatest saving in 
floor space and labour costs, to dispense with bags

Fig. 1.—Loading Platform Convzvons. Fig. 2.—Rising Conveyors.
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for inward circulation and to design and install in existing build
ings systems of inward conveyors—for carrying loose parcels— 
and outward conveyors—for carrying bags of parcls.
Before these could be designed, a very close study of 
buildings and the material to be carried was 
necessary, for the word “ parcel ” covers a 
miscellaneous assortment of packages of 
varying size, weight and shape. They 
may be square, round, cylindrieal, 
flat or oblong; heavy or light ; 
fragile or otherwise; pro - 
tected or unprotected 
—packed lightly 
or loosely; 
tied with

Fm. 3,—Ayy-out or Conveyor System at

thick or 
thin string; 
fastened with 
gummed paper or 
not fastened at all; in 
skin or feathers; umbrellas 
and walking sticks; with tie-on 
or gummed labels. The largest parcel 
may be of the following dimensions :— 
lengths' 6" or length plus girth 6 ft. A parcel 
3' 6” in length may therefore be 2/ 6" in girth, 
for the smallest there are no limiting dimensions. 
these points have to be considered in designing a system 
of conveyors, for one is always faced with the slogan :—

“ Parcels may not be damaged.”

The first system of conveyors was installed in the Manchester 
Parcel Office followed by Mt. Pleasant—which is the largess: system of its 
type in the world—and Birmingham.
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Conveyors.

District Parcel Office, London.The South Eastern

The system dealt with in this article was installed in the south 
Eastern District: Parcel Office, London, in 1933; it is the most 

up-to-date and efficient system installed in any Post Office 
to-day.

Fig. 3 shows the complete system. It will be 
noted that the main conveyors from the load

ing platform, including the glacis con - 
veyors, are in duplicate; in this way 

an alternate path is provided in 
the eVent of a breakdown on 

any one of these con - 
veyors. The figure 

also indicates
the flow of 

parcels

through 
the sorting 

office. The mail 
vans are backed up

. to the loading platform, 
and the bags of parcels are 

emptied directly through trap 
doors on to conveyors under the load- 

‘ing platform—Fig. 1. From these con - 
veyors the parcels are transferred to the rising 

conveyors, Fig. 2, and are conveyed to and trans - 
ferred to the horizontal conveyors which run along 

the top of the glacis, Figs. 4, 5 and 6 (Fig. 5 shows the 
glacis empty).

The horizontal conveyors are reversible and are provided with a 
manually operated plough (the provision of an automatic motor-driven
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Fig. 4, —The Glacis.

plough is under consideration), which 
ploughs the parcels from the con - 
veyor band to the glacis down which 
they slide to the sorters. At this point 
the primary sorting is carried out. 
The parcels are sorted into eight 
divisions—each division consissing of a 
conveyor shown in section in Fig. 7 
and in Fig. 8.

The sorting fitting (Fig. 9) 122 feet 
in length is divided into nineteen 
sections, and will accommodate a maxi
mum of 45 sorters. Each sorter has 

Fig. 6.—Aotther View of the Glacis.

access to the eight conveyor bands 
through the medium of chutes or sub
sidiary conveyor bands—Fig. 7. The 
eight conveyor bands convey the 
primary sorted parcels to tight different 
points in the sorting office floor (Fig. 
10 shows one of these points) where the 
secondary sorting is carried out.

After the secondary sorting has been 
completed and the parcels bagged, the 
bags are placed on the outward con - 
veyors (Fig. 11) and are discharged 
through a balanced chute at the loading 
platform (Figs. 12 and 13) from which 
they are passed into the mail van.

Fig. 5.—Glacis Conveyor, showing 
Plough (Upper Centre).

Elevator.
A feature of the installation is the 

elevator, shown in Figs. 14 and 15. 
It 11 of the twin band type and will raise 
both loose parcels and loaded bags 
from floor to floor at an angle of 60°. 
It has a band speed of 200 feet per 
minute and may be used for fragile 
parcels wthout risk of damage to them. 
It has the great advantage of requiring 
less floor space than other systems and 
on that account is of great value for 
Post Office work. The elevator was 
recently developed and introduced by 
Messrs. Sovex, Ltd., Southwark,
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Elevation.
Fig. 7.—Primary Sorting Section.

London, E.C.l, who manufactured and 
installed the system.

In designing conveyors, the nature 
of the postal matter demands careful 
consideration as anything in the nature 
of force in the handling of letters, 
packets, or parcels is out of the ques
tion, and only plant that will handle 
the matter gently and deliver it safely 
and Without damage can be used.

The syssem is liberally provided with 
dust traps to collect dust and with 
shock absorbers to prevent: damage to 
parcels. Grease-gun lubrication is pro - 
vided.

Conveyor Bands.
The bands are of solid woven cotton,

Fig. 8.—Primary Sorting Section.

Fig. 9,—Rriaary Sorting Fitting.

3/16” in thickness, and those on the 
sorting fitting are of finely woven 
cotton to reduce noise; they run at 
speeds varying from 120 to 200 feet per 
minute.

In any installation the conveyor. 
bands are a most important factor and 
the general design should be such as 
to ensure for them a long life. Some 
points for consideration in this con
nexion are :—

The nature of the material to be 
carried.

The number of feed points for any 
particular conveyor should ' be 
arranged in order to avoid surfacc 
wear on the band.

The number of reverse bends to
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which the band is to be subjected 
should be as few as possible.

The diameter of the rollers. Both 
driving and driven rollers should 
be of generous dimensions.

The amount of tension should be 
only sufficient to provide adequate 
driving effort.

The relation between the load to be 
carried per foot run and the width 
of the band.

The bands should be of ample thick
ness.

Conveyor bands generally work 
under severe conditions and are the 
most expensive item for renewal; it is 
most economical to employ bands of 
the finest quality.

In regard to the rising bands and for

Fig. 10.—Primary Somme Conveyor
Terminal Point.

conveying generally it is not desirable 
to have a band too inclined. If the 
incline is steep the parcels slide back on 
themselves abrading the band and re - 
ducing its life. The maximum permissible incline 
varies from 12° to 26° according to the size and shape 
of the material to be conveyed; 18° is regarded as the 
critical angle for parcel work, but some parcels tied 
with string are liable to slide back even at this angle.

The bands are jointed by means of “ Alligator ” 
steel btit fasteners. These are easily fixed and hold 
well under very heavy loads and are suitable for both 
light and heavy drives.

Power Plant.
There are 17 motors totalling 95 H.P. Each 

motor is provided with a remote control heavy duty 
starter, the controls being interlocked in such a 
manner that a failure of one conveyor or section of 
a conveyor cannot cause damage to other conveyors 
through overloading. Further the control and motor 
circuits are interlocked in such a manner that it 
is impossible to leave the controller in the “ on 
posstion ” if the motor supply has failed from any 
cause.

Signalling.
A system of signalling by means of lamps has been 

installed in order to regulate the loading of the con - 
veyors. No light means cease loading.

Conclusion.
In conclusion, it is dessred to say a few words as 

to the usefulness of the conveyor system. It will be 
obvious that it saves an immense amount bf manual

labour, a type of labour, too, which in this en- 
lightened age it is dessrable to reduce as far as 
possible. The drudgery of porters’ work in dragging 
or handling heavy bags of parcels has been released

Fig. 11.—Uutward Conveyor,
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of the greater part of its burden by the 
machine and may, as increasing- ex - 
perience and further development takes 
place, be done away with altogether. 
But there are other and equally im
portant benefits which the Post Office 
derives from using conveyors. For 
one thing, they save a good deal of 
floor space as they usually run either 
overhead or underneath the floor and, 
in addition, they reduce the amount of 
traffic, such as the wheeling of basket 
trolleys and trucks, across the office 
and eliminate trafile congestion which 
at very busy periods may sometimes 
occur. Supervision is also facilitated. 
But the most important: advantage is 
probably the reduction of the time lag 
between receipt of the pared bags at 
the inward loading platform and the 
delivery of the parcels at the primary 
sorting position as well as in the sub
sequent movements to their final 
despatch. The conveyors reduce this time 
very greatly and, moreover, ensure an even and 
smooth flow of work from stage to stage. Thte

Fig. 12 — Balanced Chute.

regularity of treatment enables a rythmic movement 
to be given to the parcel sorting and ensures a steady 
and even output per man. Peak loads, whether daily

Fig. 13.—Loapìng Platfohu. Fig . 14.—Eevlator.
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Fig. 15.—Feevator.

or seasonal, all bow to the unrelenting efficiency of 
the organization and the machine.

The schedule reproduced below gives details of the 
various individual conveyors used in the system; the 
conveyor numbers are the same as those used in the 
isometric view of the lay-out shown in Fig. 3. Some 
conception of the volume of material which is handled 
smoothly and efficiently by this conveyor system may 
be gained from the details given in the schedule of the 
loading and lengths of the various conveyors. All 
this movement of material has been regularized and 
accelerated to the advantage of the staff responsible 
for the handling and sorting of that bewildering 
variety of packages which comprises the Parcel Post. 
The material saving in floor space resulting from the 
considerable reduction in the amount of wheeled 
traffic on the floor of the sorting office and the un- 
obtrusive location of the various conveyors will be 
apparent from the photographs.

The introduction of mechamcal conveyors in the 
sorting of parcel mails has reduced the amount of 
physical labour involved in the operation, with a con - 
sequent increase in the efficiency of the system to the 
advantage of the service rendered to the Public.

South Eastern Parcel Office.
SCHEDULE OF DETAILS.

Conveyo r 
No. From ■ To Remarks.

“math 
of Band 

or Chute.

Length 
Approx. 

feet.

Speed 
ft. 

per min.

L°ad in Lb
Max. Average.

1 Primary Sorting Secondarv Sorting Via Chute to 2' 6”' 145 200 2000 1200
Position. Position. Ground Floor

2 n n n |. n n First Floor 2' 6" 123
2A .3' 0" 100 n
3 2' 6" 123 n
3A 3' 0" 95 n n
4 2' 6" 123 U
4A 3' 0" 90 n u
5 2' 6" 123 n n
e 2' 6" 123 ■

16007 n n n ....................Via Chute to 2' 6" 123 n
Ground Floor

8 2' 6" 123 .. 1600 ,.
0 From “1A Con-

veyor Position. Glacis 3' 0" 60 120 900 600
9A From 10A Con-

veyor Position. 3' o" 05 120 900 600
10 Loading Platform 10A 3' o" 60 200 1200 1000
10A 9A Glacis 1st Floor 3' 0" 133 2000 1200
tOB Basement 10A 2' o" 46 600 400
11 Loading Platform 11A 3' o" 72 n 1200 1000
11A 9 Glacis 1st Floor S' 0" 133 2000 1200
1 IB Basement HA 2' o" 46 600 400
12 First Floor Loading Platform Via Chute 7 3' 0" so 1600 1120
13 Via Chute 6 3' 0" 117

200
2000 1200

14 Sorting Office 3' 0" 105 2000 1200
14A Loading Platform 3' o" 27 120 600 400
15 Sorting Office 3' 0" 135 20C 2200 1200
15A Loading Platform .. .. 3' 0" 27 120 600 400

1 to 6 First Floor 3' 01 — — —
chutes

16 Ground Floor First Floor Elevator 3' 0" — 200 — —
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The London Trunk Centre S BIRCH

THE introduction of the Trunk Demand System 
with the attendant adoption of an entirely 
new exchange equipment has necessitated the 

reconstruction of practically all the Zone Centre 
Exchanges in Great Britain.

London was the first centre to be dealt with and 
the final arrangements developed for the whole 
country are based on experience obtained from the 
original installation, in London, of 66 postions from 
which Demand working w'as first introduced.1

Work on the complete change-over to Demand 
equipment in London has progressed rapidly and 
there are at present 5 new switchrooms in use with 
a total of 435 positions, whilst others are in course 
of construction.

All the trunk switchrooms are housed in the 
Faraday Building, North Block (originally known as 
G.P.O. South, but renamed to form part of the new 
Faraday Building adjacent:).

In addition to the Trunk exchanges, there are at 
present the City and Central manual exchanges in 
the building, but with the transfer of these two 
exchanges to automatic units in the new South Block 
the whole of the North Block will be devoted to the 
long distance services.

Fig. 1 shows an external view of the building 
which contains basement, ground floor and five upper 
floors. The various floors have accommodation as 
follows :—

Basement. Cable chambers and Power Plant.
Ground Floor. M.D.F. Line transformer racks. 

Trunk and Toll Test positions.
First Floor. Internationaa exchange, Radio 

Telephony Terminal room and main I.D.F.
Second Floor. Central manual exchange and 

suite of Delay positions.
Third Floor. Inland and Main Trunk exchanges. 

Repeater station.
Fourth Floor. City manual exchange. Trunk 

Provincial exchange.
Fifth Floor. Toll manual exchange. Trunk 

Country exchange.
The lay-out: of the floors is given in Fig. 2 and each 

will be considered in detail.
Basement.

The cable chamber is extensive and the cabling 
and ductwork entering the building are most in
tricate. Apart from the subscribers and junction 
cables serving the two manual exchanges there are 
some 96 junction cables with an aggregate of over 
27,000 pairs serving trunk junctions, Toll junction 
circuits, local circuits to Toll B exchange for the 
extension of Toll circuits and through junctions. 
The main Trunk cables are fewer in number. There 
are 37, including the main Toll routes. The total 
number of pairs is approximately 5,000, but this 

does not represent the true number of circuits as 
some are 4-wire circuits using two pairs whilst others 
are phantom circuits.

In addition to the cable chamber, the power plant 
for the building is accommodated in the basement. 
A general view of the plant is given in Fig. 3. Two 
motor generator sets are installed. The motors are 
synchronous induction machines of 104 H.P. and are 
supplied from 400v 3-phafe mains. The output from 
the generators on full load is 1200 amps at 57v. 
There are two sets of batteries each of 7,800 Ah 
capaciiy. The power board is included in the illus
tration. The usual meters and switchgear for charg-

Fig. 1.—Faraday Building, North Block.

ing either battery from ether generator are provided. 
Facilities for “ floating,” i.e., running a generator 
'in parallel with the battery on discharge, are given. 
At the same time the switching would allow' the spare 
machine to charge the idle battery if this w'ere 
necessary.

The City and Central manual exchanges and the 
Toll exchange are supplied jointly from two inter
connected 22v plants. The Repeater station filament 
battery is supplied from one of these 22v plants and 
the anode battery, 150v, is charged direct from 200v 
D.C. mains, the charging current being regulated by 
an adjustable resistance.
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Ground Floor.
The ground floor is occupied manly by the test

room, including the Main Distribution Frame, Trunk 
Test Racks, Toll Test Desks and Transformer and 
Apparatus Racks.

The M.D.F. is fitted entirely with type 4028 fuse 
mountings and consists of 165 verticals with a 
possible extension to 177.

The trunk test racks were the first to be installed 
in this Country2 and consist of 7 line testing

FIFTH FLOOR

SECOND FLOOR THIRD FLOOR

Fm. 2.—Plan or Floor Lay-outs.
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Fig. 3,—Gnneral View oe Power Plant.

poSitions, 2 megger panels, I junction test position, 
1 fault control position and 1 telegraph speaker 
position. Fig. 4 is a photograph of the front equip
ment of the racks.

The Toll testing positions are 4 in number and are 
of the older desk type. When the City and Central 
manual exchanges are recovered test racks of the 
latest type will be installed in the space now used for 
the C.C.I. equipment and the Trunk and Toll testing 
will be combined.

Considerable space is taken up by transformer 
racks as most of the Trunk cables are repeatered and 
require transformers to match the line with the 
terminal impedances and also for phantom circuits. 
Altogether there are 27 racks existing
and as these are being moved shortly, 
the new postion has been shown in 
Fig. 2. Ample additional space for 
further racks will be available when the 
trunk test racks are recovered. The 
cable chamber is immediately beneath 
the M.D.F. and transformer racks. 
The majority of the cables terminate on 
the M.D.F. and are extended by V.I.R. 
leads to the transformer racks, but the 
new Birmingham and Liverpool cable 
and the latest St. Margaret’s Bay cable 
terminate direct on the transformer 
rack test tablets.

Junction relay set racks are also 
accommodated on the ground floor. 
31- racks are equipped and space is 
available for an additional 7. There 
are 10 relay sets per shelf and 9 shelves 
per rack.

The remainder of the ground floor 
is utilised for various staff' purposes. 
First Floor.

On the first floor is the International

Exchange and a complete description 
of this exchang'e wac given in an article 
in the last issue of thic Journal.“ The 
switchroom contains both Radio and 
Continental suites. In all 121 positions 
have been provided of similar type to 
the Inland Trunk positions, but altered 
in detail on account of the special 
character of the working involved.

The Radio Terminal Room on the 
same floor contains the control equip
ment and technical operator's positions 
for the Radio channels.

The first floor apparatus room is the 
largest in the building and contains 
trunk line relay set racks, C.T.I. racks, 
miscellaneous apparatus racks and the 
Intermediate Distribution Frame. The 
latter is of standard type and has a total 
of 106 verticals. The frame is in one 
straight run approximately 60 ft. in 
length. Space is available for 95
apparatus racks of the standard type 
4' 6” wide. Each rack has capaccty 
for 7 shelves in the case of bothway 

trunk relay sets, or 8 shelves for unidirectional relay 
sets. The shelves are the standard channel type and 
accommodate 10 relay sets per shelf. At present 
only 55 racks are equipped as follows :—
Bothway Generator Signalling Trunks 
Outgoing.Generator Signalling Trunks 
Automatic Signalling Trunks ... 
Chargeable Time Indicator equipment 
Multiple cut-in relay equipment ... 
Group engaged tone relays ... 
Miscellaneous equipment ... ...

24 racks.
3
4
6
5
4
9

H '

’ J

) }

J i

J (

M

These figures are interesting and, together with 
the junction apparatus on the ground floor, indicate 
the relative proportions of the various equipments.

Fig. 4.—Trank Test Racks.
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Fig. 5.—The Old Trunk Swttcuiroom.

ejected from the tube terminal heads A 
on to a traveling band which carries 
them to a table B. Here a preliminary 
sorting takes place and the tickets are 
then sent on via another band conveyor 
to the desk C for final sorting into 
exchange name order to facilitate 
accounting work.

There is an additional switchroom in 
the annexe of this floor, known as the 
Trunk Inland Exchange. It contains 
three suites, one of 34 Demand posi
tions, another with 45 incoming
positions and a centre suite of double 
sided enquiry positions. The A.C. 
lamp racks for this switchroom are 
fitted at the rear of the end sections 
The apparatus room adjacent to the 
main switchroom contains C.T.I. and 
A.C. lamp racks for that switchroom. 
The Repeater Station is also contained 
on this floor, but will shortly be trans
ferred to the new South Block build
ing.

Second Floor. Fourth Floor.
The second floor is still mainly occupied by the 

Central manual exchange and apparatus room. 
When the exchange has been replaced by the new 
automatic unit in April, 1935, the space will be used 
for additional trunk switchrooms and equipment. 
The annexe switchroom is already being equipped 
with one suite of 42 new trunk positions.
Third Floor.

The third Hoor of the buikling has been associated 
with trunk working for many years. The original 
trunk exchange was installed here in 1904. The 
sections were of the 2-position 3-panel Helsby type 
as used at most trunk exchanges until 
recent years and the equipment was 
typical of the old trunk signalling 
system, although many modifications 
had been made at various times par
ticularly on posstions controlling Con
tinental and Radio traffic. Fig. 5 
shows the old switchroom as it 
appeared in September, 1929. The 
Jemooltion of this switchroom in Sep
tember, 1933, after over 29 years’ 
service, marked the end of the old 
trunk regime so far as London is con
cerned. The new switchroom which 
has taken its place is fittingly equipped 
entirely with Demand posstions. Stan
dard large type sections are used and 
the 89 positions are installed in two 
suites. Fig. 6 shows the new switch
room as it is to-day.

Adjoining the switchroom is a ticket 
filing office where completed cab tickets 
are received via pneumatic tubes from 
the various switchrooms. Referring to 
Fig. 2, 3rd floor plan, the tickets are

The fourth floor main switchroom contains the City 
manual exchange with its apparatus room adjacent. 
This space will be vacated when the new City auto
matic unit: is brought into use in July, 1935. In the 
annexe switchroom of this floor is the Trunk Pro
vincial exchange consistmg of two suites, one of 35 
positions and another of 45 positions, all equipped 
for Demand or Delay working. (Demand positions 
require only the addition of incoming tubes from the 
P.D.P. to make them mutable for Delay working). 
The main pneumatic distribution position (P.D.P.) 
for the trunk exchanges is also installed in the 
centre of this switchroom. The remainder of the 

Fig. 6.—The New Main Trunk SwiTmzoon.
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floor is taken up by the Toll A apparatus room 
which also contains racks for the C.T.I. equipment 
of the Country and Provincial Exchanges.
Fifth Floor.

On the fifth floor is the London Toll “ A ” ex - 
change which deals with traffic from London 
exchanges to Provincial exchanges in the Toll area, 
and through traffic in this area which circulates via. 
London. Traffic from the Toll area to London 
exchanges is dealt with by Toll “ B ” exchange 
situated near Holborn.

The control of calls at Toll “ A ” is being trans - 
ferred to the manual boards of the London local 
exchanges and the calls are routed via through 
positions at Toll “ A ” working on a straight
forward junction basis. Forty positions have been 
converted from control to S.F.J. working and the 
remaining 31 will shortly be completed. Each S.F.J. 
position has 36 cord circuits and automatic coupling 
on a 6 position basis is provided. The S.F.J. equip
ment is fitted in the apparatus room adjacent, in 
which there is space for 114 racks. The other 53 
positions are equipped partly for order wire working 
and partly for J.E.J. working for through Toll 
traffic. An enquiry suite of postions of the usual 
type completes the Toll switchroom.

The Trunk Country switchroom is also situated on 
the fifth floor. The switchroom contains three suites 
totalling 66 positions all of the smallest type i.e, 
4’ 6” in height. This type was necessary because 
of the restricted floor loading for this particular 
room. These are the postions from which Demand 
working was first introduced and originally differed 
in detail from the present standard. They have 
since been modified to conform to later design. A 
subsidiary I.D.F., apparatus racks and A.C. lamp 
racks are also contained in the switchroom. The 
equipment of the racks is identical in type to that of 
the other trunk apparatus rooms.

It will be seen that the'general scheme of the 
building allows for two switchrooms (a main and an 
annexe) on each floor together with various appar
atus rooms and offices.

A numbering scheme for the switchboard positions 
has been adopted for the building. Four figures are 
used for all positions, the first figure indicates the 
floor and the final three figures the actual position. 
The main switchroom on each floor is allocated 
numbers up to 500 and the annexe switchroom com - 
mences at 501. For example, position 3001 would 
be the first position in the 3rd floor main switchroom 
and postion 3510 would be the 10th position in the 
annexe switchroom on the same floor.

The trunk switchrooms have specially treated 
ceilings to reduce the noise produced by echo and 
reverberation. The International exchange has a 
celling fitted with Sanacoustic’ tiles, consisting of 
perforated sheet iron containers in which are laid 
pads of sound absorbing material known as “ Banroc 
Wool.”

The 3rd and 4th floor annexe switchrooms have a 
surface layer of “ Paxfelt ” stuck to the existing 
plaster ceiling. The “ Paxfeltt” a proprietary 

material, is in slabs 2’ square and consists of an 
asbestos fibre in a number of layers held together 
with a speccal fixing solution and built up to about 
1” in thickness. The surface is covered with three 
coats of distemper.

The 3rd floor main trunk switchroom has a sus
pended ceiling of if" pumice plaster on expanding 
metal. The plaster surface is covered with “ May 
Acoustic ” material. This is a proprietary article 
somewhat similar to Paxfelt, but the surface is sub
jected to additional treatment as follows. The 
material is glued to the plaster with dextrine and then 
has a muslin sheet pasted over the surface. The 
musiin is distempered and then finely pricked to break 
up the surface and expose" the sound absorbent 
material.

The use of various sound absorbing materials will 
enable a comparison to be made of the relative merits 
of the different systems.

With the exception of the Country exchange, all 
the switchrooms are fitted with the largest type of 
Demand Section. These sections are 7’ 6" in height, 
6’ 8?" long and consist of three operaatng postions 
with seven jack panels per section. They are built 
on the lines of a CB1 type of section, but B gauge 
jacks are used and the keyboards are wider and 
deeper to allow more operating space. The con - 
struction of these boards was described in detail in 
a recent article? Fig. 7 shows a front view of a 
complete section as installed in the London Pro - 
vincial exchange. A rear view of a section showing 
the multiple wiring and cord and position circuit:

Fig. 7.—Rrunk Demand Section, Front View.
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Flo. 8.—Trunk Demand Section, Rear View.

apparatus is given in Fig. 8. A general view of the 
Provincial exchange is given in Fig. 9 and this is 
typical of a Demand installation. All positions, 
whether used as Demand, Delay or Incoming, are 
similar as regards dimensions and construction and 
only differ in such details as the number of cords, etc.

The Demand positions deal with “ No delay ”

Fig. 9.—Provincim. Exchange Switchroom. 

outgoing traffic, i.e. calls from local subscribers to 
distant exchanges over trunk routes on which there 
is no delay. The positions are fitted with incoming 
junctions from locaa exchanges, and a multiple of 
outgoing trunks and junctions.

Delay positions are similar except that they have 
no incoming junctions, they have only the outgoing
multiples. Their function is to complete outgoing 
calls over trunk routes on which delay working is in 
force. Both Demand and Delay positions have six 
cord circuits each with a chargeable time indicator 
equipment. A card file on each keyboard gives 
information regarding routing, charges, etc.

Incoming positions deal with calls incoming from 
other distant trunk exchanges, either for connexion 
to locaa subscribers (terminated calls) or for con
nexion to other trunk lines (through calls). Incom
ing and through working is thus combined. The 
positions are fitted with incoming trunk lines and 
outgoing multiples of trunks and junctions. They 
are not equipped with timing devices as the timing 
and control of a call is always at the originating 
trunk exchange. The work per call ft therefore 
less and 12 cord circuits per position are fitted so 
that a maximum of 12 calls may be connected 
simultaneoussy.

All incoming lines, whether trunks or junction^ 
are multipled on either a 7- or 14-panel repetition 
ba^. This provides for tire distribution of incoming 
traffic over a number of position and allows an 
operator to concentrate on the call in hand, an 
essential feature of the Demand System.

All outgoing multiples are wired on a 6-pand basfe. 
The trunk multiples are equipped with the vftnal idle 
indicating feature in which a lamp shining thr°ugh 
tiie ifesignation strip indicates the first free circuit in 
a group of fines. A red lamp at the beginning of 
each route indicates when delay working is in force. 
These Vivo featores were dealt with in greater detail 

in an artide previously mentioned.“ 
The outgoing junction multiples have 
the standard group engaged tone 
equipment fitted. Speciaa multiple
cut-in relay equipment has been pro - 
vided for multiples which are common 
to a number of switchrooms. With 
this equipment, only the switchroom 
from which the circuR is picked up is 
connected to the line, the multiple jacks 
in other switchrooms being left dis - 
connected but testing engaged.

The multiple answering lamps and 
V.I.I. lamps are fed from the public 
supply mains to relieve the exchange 
battery of this load. The mains supply 
is stepped down by a transformer to 13 
volts. Low consumption lamps taking 
approximately 50 milliamps at 6 volts 
are used. They are wired on a three- 
wire system with the centre wire 
earthed. The output voltage from the 
transformer thus allows one volt drop 
and the A.C. lamp racks are fitted near 
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the line of switchboards to avoid long heavy-guage 
leads. Typical A.C. lamp racks are shown in Fig. 10.

It is imperative that there should be no interrup
tion in the supply of current to the answering lamps 
and to guard against failure of the public mains a 
stand-by plant has been provided. This comes into 
operation automatically if the mains fail and supplies 
A.C. at 230v to the input of the lamp rack trans - 
formers. The emergency motor generator set is 
driven from the 50v exchange battery and is thus 
independent of an outside source of supply. Facilities 
for testing the plant are provided and this is done 
as a daily routine. A pilot lamp on the power board 
is bridged across the load to indicate that the standby 
plant is functioning correctly.

Fm. 10.—A.C. Lamp Supply Racks.

The line relay-sets for trunks and junctions are all 
jacked-in equipments and mount on the standard 
channel-type shelves. The circuit arrangements are 
based on the Sleeve Control system and the opera
tion of typical relay-sets will be dealt with in detail 
as the equipment is representative of that installed at 
main trunk exchanges throughout the country.

The basic principle of the system is that one type of 
cord circuit only is used and this is of universal 
application. The varying requirements of the 
different line circuits to be interconnected are met by 
inserting a suitable relay-set in each line. The relay
sets vary in type according to the circuit on which 
they are connected, but the conditions sent out from 
the cord and position circuit are standard.

The cord and position circuit diagram is given in 

■Fig. 11. The positiolt circuit is common to the 
position and any number of cord circuits may be 
associated. The cord circuit is normally a straight- 
through connexion from the answering to the calling
plugs with no transmission element or bridging 
equipment in circuit. The straight-through con
nexion of the cord circuit is broken when the speak
ing key is thrown and the cord circuit connexion is 
then completed via the position circuit.

The circuit operation is as follows :-—
The throwing of the speaking key operates relay SK. 

Contact SKI operates relay SL. Contact SL4 short
circuits the l300-ohm winding of relay SK which now 
holds on the 15-ohm winding. The battery connexion for 
the SK relay is "ua a 400-ohm resistance common to the 
posstion circuit and if, with one speaking key operated, 
a second key is thrown the assoccated SK relay will not 
operate as its high resistance coil will be shunted by the 
15-ohm winding of the previously operated SK relay. 
This feature prevents the two cord circuits from being 
brought into contact.

Relay SK at contacts 2, 3, 4 and S diverts the cord 
circuit via the posstion circuit. The operator’s telephone 
circuit is bridged across the posstion circuit for spealdng 
purposes. The “ speak catl ” and “ speak ans ” keys 
separate the answering from the calling cord and allow 
either side to be spoken on separately if required. The 
transfer keys connect posstive battery to the ring of the 
plug and thence into the line unit. This facility allows 
a calling line to be transferred to another posstion, but 
is not at present in use at London.

The “ dial ans ” or “ dial call ” keys operate relay's DA 
or DC to connect the dialling or key sending circuut to the 
cord circuit:. Relays DK and DA or DC are held by 
earth from the off-normal springs of the dial to guard 
against restoration of the key before the dial has returned 
to normal. A guard lamp is also fitted and this glows 
whilst the dial key is thrown.

Coupping between portions in one direction is provided. 
The engaged test is obtained from a separate transformer 
which connects the operator’s telephone circuut to the tip 
of both plugs. Ringing keys are lndlvidual to each cord 
circwt and connect a battery via 100 ohms to the tip of 
the answering or caUing cord to operate an RR relay in 
the line relay-set.

There is also an individual moiutoring key which, when 
lhrown1 coimecte a high impedance monitoring coil 
across the cord circuit. At the same time relay M in 
the posstion crcuit connects the operator’s receDer to the 
secondary winding of the monitoring transformer. When 
a speaking key is thrown the momtoring circuit is dis
connected by relay MN. Listening-in taps are normally 
bridged across the tip and ring of the operator’s circuit to 
preserve balance, but during momtoring the tap is con - 
nected directly across the receiver by contact MS.

It will be noticed that a 600-ohm resistance and series 
condenser is always bridged across the cord circuit when 
the circuit is not otherwise terminated. This feature also 
occurs in the Trunk line relay-set circuits and is rssential 
where “ Zero Loss " trunk lines are in use.-

The sleeve circuits are connected to battery via the 
respective supervisory lamps. An 8S-ohm earth on the 
plug sleeve will light the lamp to indicate a Hear, a high 
resistance earth will dim the lamp for the engaged con - 
dition, and the two intermittently will flash the lamp for 
a recaal signal. These conditions are given over the 
sleeve circuit from the line relay-sets.

When lhr speaking key |s thrown the lamps on the 
sleeve circuits are replaced by relay combinations (FA and 
TA in series and FC and TC in series). The lamps are 
then controlled by the FA and FC relays and the normal
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supervisory signals retained, but the sleeve circuit is in
creased from 240 ohms to 1400 ohms and this operates a 
DR relay in the line relay-set (as will be seen later).

These are the main features of the cord and 
position circuits ‘and are not special to the London 
installation, but are standard at all sleeve control 
trunk centres. .

Of the line relay-sets, those for junctions incoming 
from London automatic exchanges will be described 
first. The circuit arrangement is shown in Fig. 12.

Fig. 12.—Incoming Junction from Auro Exchanges.

The selector at the automatic exchange extends a loop 
to operate L relay. Contact L2 operates relays LL and 
B. Contact LL2 operates the answering lamp relay to 
light the multipled answering lamps and LL3 returns 
ringing tone over the junction to the automatic sub
scriber. The trunk operator answers and relay 3 operates 
from battery on the sleeve of the plug. Relay 33 operates 
via 51 and LL]. Relay LL is disconnected by relay 33 
at S81 and releases. Relay 33 is held by SS4, CO1 and 
B3. Ringing tone is disconnected at SS2 and the lamp 
relay released at SS3. Contacts 335 and 336 operate, 
but relay L remains connected to line via B1 and S2.

If there is delay in setting up the call, the auto sub
scriber may hang up his receiver and wait to be rung. 
The subscriber’s line and the junction are held by the 
trunk operator as follows :—

Relay L is released when the subscriber hangs up. 
Relay B is disconnected at L2 and releases. B1 and B2 
connect battery via- 200 ohms to posstive line to hold the 
auto switches and earth via- MH relay to the 
negative line. When the trunk line is read;/, 
the trunk operator can call the auto sub
scriber by operating the answering plug ring
ing key. This extends battery to RR relay. 
Contact RR1 connects a positive battery to 
the posstive line and operates a relay in the 
first code selector at the automatic exchange. 
This relay is shunted by a metaa rectifier and 
does not operate with normal current, but 
only when a positive battery is used. When 
operated, the relay applies ringing to the sub
scriber’s line. When the subscriber answers, 
a loop condition is given from the automatic 
exchange and relay MH at the trunk ex - 
change operates from battery via 200-ohm 
resistance, contact RR1 normal, B2 normal, 
335 operated, posstive line, auto exchange 
loop, negative line, 335 operated and B1 

normal. Contact MH1 operates relay L which re - 
operates relay B, relay L is again connected to line and 
the caH is established in the normal way. When the 
auto subscriber clears, relay L releases and earth via L2 
normal, CL1 normal and S_-ohm winding of 6 relay 
lights the supervisory lamp. Relays CL and CO are 
special to the London circuits and control the clearing 
signal when the junction is extended by the Demand 
operator to the Continental exchange. Relay CL operates 
when the Continental exchange operator answers. If the 
L relay is operated, i.e., the subscriber is on the line, LI 

connects a low resistance battery to the 
Continental posstion and the Continental 
supervisory lamp is darkened. When the 
auto subscriber clears, relay L releases and 
at LI gives a clear to the Continental opera
tor. Relay CL remains operated on its high 
resistance winding and the release of L2 
operates relay CO. Contact CO1 discon
nects the earth via 334 operated from the 
33 relay which remains operated, but is now 
dependent solely on CL2. When the Con
tinental operator clears, relay CL releases 
and at CL2 disconnects relay S3 which 
restores and lights, at SS4 normal, the 
supervisory lamp of the Demand posstion. 
Relay CO is slow to release in order that 
relay SS should not hold on contact 334 
when CO is restoring.

Circuits outgoing from the Trunk 
exchange to automatic exchanges may 
be either loop or battery dialling. The 

former are more common in London and only this 
type will be considered.

Fig. 13 shows the circuit arrangement; of an out - 
going loop dialling relay-set:.

When the line is picked up by an operator, relay 3 
operates on the SS-ohm winding and a clear is received 
on the supervisory lamp. Contact SI operates relay 55 
which operates the group engaged tone relay and con
nects flicker earth to low resistance winding of relay 5. 
This flashes the supervisory lamp as an indication that 
the operator must dial.

When the dial key is thrown, battery from the posstion 
dial circuit operates relay RR. Contact RR1 operates 
relay DT which locks via DT contact operated, LR2 
normal, and $S2 operated. Contact DT2 disconnects 
RR relay and short circuits the condenser in the tip 
circuit. Contact DT5 disconnects the through signaa- 
ling battery circuit and shunts the condenser in the ring 
circuit. DT4 disconnects the flashing earth and connects 

Fig. 13.—’Uttgoing Junction to Auto Exchanges.
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the LR relay in parallel with the 5,000-ohm winding of 
relay S. Dialled impulses may now be sent direct to 
line from the posstion dial circuit. Loop impulses are • 
sent out as the battery is disconnected by relay DK, Fig. 
11, when the dial is off normal.

When the dial key is restored, the 3,000-ohm resistance 
in the cord circuit sleeve wire is short-rircuited and relay 
LR now receives sufficient current to operate. Relay LR 
locks at LR1. Contact LR3 disconnects relay DT which 
restores the transmission bridge. Contact LR2 switches 
the control of the clearing signal to IL and D relay con
tacts and contact LR4 connects IL and D relays to line 
to hold the sriectors and receive supervisory signals from 
the mitomadc ^chiinge. Relay IL competes the circuit 
for the polarizing wanting of reDy D, gives the busy back 
flash signal at IL3, and relays this signal at ILL
Clears are gwen by the reversal of current from the 

auto exchange selector circuit. This reeases «Dy D 
which, in torn, connects earth to the 8S-ohim winding of 
relay S to fight the supervisory lamp. The clear is 
relayed as a through signal on incoming trunk lines by 
contact D2.

Junctions from and to manual exchrniges are Mso 
provided at London, but these are comparativey 
Simple and have not been described in detail as tf^y 
work on a normal C.B. junction siguallmg bass, but 
of course mcorporate skeve control pra^iptes of 
design.

ReDy-sets for trunk fines are of two main types 
aand depend on foe signalling system employ«! on the 
hue, Viz., automatic signalling or generator signM- 
^g____ _______________________Autooat:ir signalling is similar to and gives all the 

faccfities afforded by D.C. junction working, but ft 
lmited to lines up to approxrnately SO mifts long 
Itis n°t reliable over greater distances as in the Case 
of overhead fines the msulation loss act:s ns a shunt 
to the supervisory relays and on undei-ground cabfts 
Mtimugh the msulation loss ft small, tim conducto- 
reSstance becomes too high. Generator signaling 

therefore iused on lo^g fines MtdMso rep^-tered 
circuits.
. The disadvantage of generator signalling is 
it -s necessary to operato a key to call or dem and 
operating work is increased. 
Automatic signalling is therefore 
always to be preferred and voice 
frequency signabing systems at 
present being developed aim at 
giving full automatic signalling 
facilities on repeatered circuits.

In the following description of 
trunk relay-sets, bothway circuits 
are considered as these combine 
the features of both incoming and 
outgoing circuits.

The bothway automatic signal
ling trunk circuit is given in 
Fig. 14.

Taking first an incoming call, 
battery and eaath’are connected to 
line at the distant end and L relay 
operates from the battery on the B 
line. Contact Li operates relay LL. 
This in turn operates the answering 
lamp relay, VII lamp relay and en-

gages the bush of the outgoing multiple jack. The 
operator answers and operates S relay. Contact S1 
operates relay SS. Contact SS1 disconnects the terminat
ing impedance from the line to avoid transmission loss 
under speaking conditions. SS2 operates relay LO which 
locks via LO2 and LL2 to prevent a false signal if the 
incoming operator clears first. Contacc SS3 provides an 
alternative earth to engage the outgoing multiple jack 
when the distant end clears first.

Contact LOI disconnects the answering lamp relay 
and holds the VII lamp relay operated if the distant end 
clears. When the speaking key is thrown relay DR 
operates as follows :—Battery is connected on one wnd- 
ing of DR via. a 300-ohm resistance and SSS and LL‘. 
The other winding has battery from the cord circuit 
sleeve via 240 ohms plus the 8S ohm S relay. The 
currents in the two winding's of the DR relay are thus 
practically equal and as they are wound in opposition 
the relay does not operate. When the speaking key is 
thrown the sleeve circuit resistance is increased from 240 
to 1400 ohms and relay DR operates on the out of balance 
current. DR1 operates: relay TS which connects battery 
to the A-wire to dim the distant supervisory.

When the call is established via an outgoing circuit 
through signalling.is given by TS reDy.

On outgoing calls relay M operates from battery on 
sleeve .of plug and at Ml operates relay MM. Contact 
MM4 connects relay SS which also operates. MM1 and 
MM2 reverse the battery and earth conditions to line 
(note that TSI contact does not now control the battery 
connexion as no through signalling is required on_ out - 
going -calls). “"ContactMMS- connects battery- via -LL3- 
to the ring wire to give through signalling to the incom
ing line connected on the answering cord. It wil.be 
seen that LL3 controls the battery connexion on the ring 
wire.

Clears are received by the release of relays L and LL. 
For incoming calls LL2 connects earth via S relay direct 
to the answering jack sleeve and for outgoing calls-the . 
earth is via M relay and MM6 to the outgoing jack . 
sleeve. .

A flashing signal, to recall the distant operator on an 
established call, may be sent on either incoming or out - 
going calls by operating intermittently the cord circuit 
ringing key. This operates intermittently relay RR 
which controls the battery connexion to line.
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The generator signalling bothway trunk circuit is 
shown in Fig. 15.

On incoming calls, relay L operates whilst ringing 
current is applied to line from the distant end. Contact 
LI operates relay LL which locks via DR1 and operates 
the answering lamp relay, the VII lamp relay and 
engages the bush of the outgoing jack. The operator 
answers and operates relay S from the battery on the 
sleeve of the plug. 51 operates relay SS which discon
nects the terminating impedance from the line, releases 
the answering lamp relay to disconnect the answering 
lamps, holds the VII lamp relay and.engages the bush of 
the outgoing jack against the release of LL. The lock
ing circuit of relay LL is broken by the operation of relay 
DR from the out of balance current when the cord circuit 
speaking key is thrown. When the speaking key is 
restored DR relay releases, but LL is now dependent 
again on relay L.
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If a ringing current is received on an established con - 
nexion, relay L operates and reoperates relay LL which 
again locks as DR1 is normal. LL4 completes a circuit 
for LF relay to operate intermittently from the flicker 
earth. LF2 connects earth via 85 ohms to light the 
supervisory lamp intermittently. In order to prevent 
premature operation of relay DR when one coil is short- 
circuited by LF2, contact LF1 is arranged to disconnect 
the other col. The flicker signal on the cord circuit 
supervisory lamps acts as a signal to recafl the operator 
into circuit. When the speakmg key is thrown, relay DR 
operates and disconnects LL as before.

On outgoing calls relay M operates from battery on 
sleeve circuit, and operates relay MM. This relay at 
MM3 completes a circuit for relay SS, changes earth for 
battery for through signalling at MM1, connects high 
resistance battery at MM2 to avoid dry contacts in the 
speakmg circuit and at MM4 connects relay M direct to 
the outgoing jack sleeve against operation of relays SS 
and LL. A calling signal is sent out by the operation of 
the ringing key which connects battery to operate relay 
RR and connect at RR1 and RRZ, ringing current to line. 
A reraH signal is received in a similar manner to that on 
incoming calls, i.e., by the operation of L, LL and LF 
relays. The flashing signal is released by the operation 
of relay DR as before.

No mention has so far been made of cord circuit 
repeaters. There are only 8 cord repeaters in use 
and 100 lines only are balanced for use with the 
repeatered cord circuits. The repeater equipment is 
installed in the Repeater station and the line jacks 
and cords are fitted on an angle section in the Inter - 
national exchange.

The cord repeaters are of the semi-automatic type, 
in which the C.C.R. operator connects two trunks 
via a cord repeater at the request: of a controlling 
operator. All coin-rolling positions have access by 
order-wire to the C.C.R. position operator whose 
only function is to insert the cord repeater and clear 
down when required. The control is left with the 
original controlling operator, who retains all signal
ling and monitoring facilities. Full details and 
circuit description of these repeaters have been pub-

lished in a printed paper of the Institu
tion.6 This type of repeater was 
originally intended to provide addi
tional amplification on through trunk 
connexions, but the introduction of 
zero loss circuits has rendeeed them 
unnecessary.

The timing device used on all De
mand and Delay positions is the 
Chargeable Time Indicator (C.T.I.). 
Each cord circuit has rssocrated with it 
a uniselector controlled by a lever key 
with start, stop and reset positions. 
In the start position of the key, the 
uniselector is operated by 12 second 
impulses from a master clock and 
rotates slowly for a maximum period of 
18 minutes. A red lamp on the key
board is connected to the uniselector 
and lights for 12 seconds every three 
minutes to indicate to the operator 
that the duration of the connexion 
must be announced. At any point

the uniselector may be stopped from the cord 
circuit supervisory relay when the calling subscriber 
clears. The operator, by throwing the key into the 
stop position, connects in circuit a lamp display. 
One display consisting of a strip of lamps numbered 
1 to 18, is fitted in a panel on each position. A lamp 
lights corresponding to the position of the uniselec
tor and the actual time for which the call must be 
charged is indicated. The display is disconnected 
and the uniselector brought to the home contact by 
throwing the key to the reset position. The com - 
plete circuit arrangement of this device has recently 
been described.7

The call tickets are distributed in the building by 
the standard pneumatic ticket tube system of the 
Post Office. Outgoing tubes worked on a vacuum 
basis carry the tickets for completed calls from all 
positions to the ticket filing room. Tickets for calls 
to be completed on a Delay basis are sent from the 
Demand positions to the pneumatic distribution 
position (P.D.P.) from which they are sent by in- 

■ dividual pressure tubes to the Delay positions. The 
complete system for the London trunk building is 
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extensive and has already been described in this
Journal.“

With the exception of the Power Plant and the 
tube blowers the whole of the manufacture and 
installation of the telephone equipment has been 
carried out by Messi's. Standard Telephones and 
Cables, Ltd., to Post Office design.

The change over from the old to the new system 
of working in London is ’now complete, although 
additional equipment is being installed for develop
ment of the services and there is still considerable 
work yet to be done.

The task of reconstruction has been most difficult 
because of the congestion which existed in the 
building and this was accentuated during the 
demolition and rebuilding of the South Block.

Many schemes were discussed in conference before 
a satisfactory solution was reached, and the pro - 
gramme adopted required rigid adherence to the 
various dates to avoid dislocation of the trunk 
service.

The Demand System is now well established and 
in the London Trunk Centre the Post Office has, a 
fine-example of modern long dfetance communication 
equipment.
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Frequency Characteristics of a Western Electric 
Moving Coil Microphone

The type 618A moving coil microphone is an 
instrument particularly suited to studio uses. 
Details of the design have been published by E. C. 
Wente and A. L. Thuras (Journal Acous. Soc. Amer. 
Vol. 3, p. 44, 1931) and by W. C. Jones and L. W. 
Giles (Bel System Monograph B-630).

An arched duralumin diaphragm carries a small 
coil, having an impedance of about: 30 ohms, in the 
annular airgap of a permanent magnet. Small 
cavities and air release slots behind the diaphragm 
are designed to improve the uniformity, at different 
frequencies, of the tensit:vity, which otherwise would 
be mainly controlled by the mechanical constants of 
the diaphragm.

The figure shows the results of calibrations made 
on one of these instruments at the Research Station; 
the full line curve is a pressure calibration (in terms 
of the sound pressures applied at the .diaphragm) 

and the broken curve is a field calibration (in terms 
of sound pressures in free air, for sound incident 
normally on the diaphragm). The curves have been

drawn ignoring such minor irregularities as cannot 
easily be determined exactly by a point-to-point 
method of calibration.

198



Telephone Transmission—IV. R. M. CHAMNEY, a.k.c., b.Sc. a.m.i.c.e.

FORMULZE for the study of telephone trans - 
mission over lines were developed in the 
article which appeared in the July issue of this 

Journal. These formulae gave expressions for the 
attenuation constant (B) and the wave-length con - 
stant (a) as follows :—

6= (g viRgYYTAyyswm + %rg ->2lc)...(1) 

a= \//%VTR2+W2L2J(G2+W2C2) -%(RG-<o2LC) ..(2)

As by definition the primary constants R, L, G and 
C are expressed per unit length, formate (1) and (2) 
give the attenuation and wave-length constants in 
similar terms. Thus if the primary constants are 
given per mile the attenuation and wave-length 
constants will also be per mile.

The wave-length constant, to which reference will 
be made later, is the angle in radians by which the 
current at the end of a unit: length lags behind the 
current impressed at the beginning of this length; 
i.e., the lag is “ a ” radians per unit: length. 
When the lag attains a value of 2.7 radians (360°) 
a wave-cycle has been completed and a repetition 
of the wave will commence. Clearly the length of 

. 27the wave will be — units of length. The symbol
A is used to signify the wave-length and

'^ T .............................-....................................

An examination of these formute brings to notice 

Under this condition G becomes zero and equations 
(1) and (2) can be written

3 = (| j(R2 + <o2m2C2 _ /CIC.......... (4)

a = (jvTRW’oFLVC2 + J.CLC............(5)

Table I shows the values of the attenuation and 
wave-length constants for a 20-lb. cable calculated on 
the assumption that the inductance is varied irrespec
tive of the other primary constants. The inductance 
in this case is taken as resistanceless and as being 
distributed, not lumped as in a loading coil. The 
values of R and C have been taken as 88 ohms per 
mile and 0.065 x 10“6 farads per mile while the fre- 
quency selected is 800 cycles giving a value for 
eu = 27f = 5000.

In order to simplify the column headings the 
following notation has been used :

(R2 + YL/ = X 
o2C2c Y z .1056 x 10'6

02LC = Z

and B= dwaY - gZ
a = %VXY + %Z

It will be apparent: from an examination of the 
values of X = R2 + dEz that as L increases the 
effect of R2 becomes of increasingly less importance 
as compared with c2L2. Whereas at 1 mH, oÆ2 is

Table I.

L ■i^L X VXY Z éVXY-gZ B WXY-|Z a A

0 0 7744 .0286 0 0143 . 1196 . 0143 .1198 52.5 miles.
0.001 25 7769 .0286 .00163 .01347 . 116 . 01512 . 123 51.1
0.002 100 7844 .02875 .00325 . 01276 .1128 .01601 . 126 49.7
0.005 625 8369 .0297 .00813 .01075 .1038 .01893 . 137 45.7
0.01 2500 10244 .0329 .01625 . 00833 . 0912 .02457 . 156 40.3
0.02 10000 17744 . 0432 .03250 .00535 . 0731 . 03785 . 194 32.4
0.03 22500 30244 . 0565 .04875 .00388 . 0622 . 05262 . 229 27.4
0.04 40000 47744 . 0710 .06500 .00300 . 0547 . 068 . 261 24.1
0.05 62500 70244 .0860 .08125 .002325 . 0482 . 08367 . 289 21.7
0.06 90000 97744 .1016 .09750 .002050 . 0452 .09955 .315 19.9
0.07 12250 130244 .11736 .11375 .00176 . 0419 .01155 . 340 18.5
0.08 160000 167744 .13309 .13000 .001545 . 0390 . 01315 . 363 17.3
0.09 202500 210244 .14900 .14625 .001375 . 0370 .14762 . 384 13.4
0.10 250000 257744 .16498 .16250 .001240 .0352 .16385 . 405 15.5

a number of interesting factors which assist in the 
elucidation of transmission problems. The leakance 
in unloaded underground cables is so small that it 
can be neglected without causing appreciable error. 

less than 1% of R2, at 100mH the position is com - 
pletely reversed. In other words the resistance has 
become of little importance. If R becomes neggigible 
(hen
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fl = \Alw22.2 . 42C2 ~ % szc 

= NEwMUCZ - a s2LC 

= V%m2LC - % <>1LC ....... 
= 0.

and a = VlAUC. ...............................

(6)

(7)
Thus, in a line containing inductance and capacity 

but no resistance-op-leakancfc we have a system 
where there is no attenuation and only a wave pro
pagation of short wave-length. Unfortunately there 
is always resistance and leakance present and a 
minimum value of attenuation only can be reached.

Fig. 1.—VARIATION di' Attenuation constant wiTm FREQUENCY.

It will be of Interest also to study the effect of 
various values of distributed inductance on the 
attenuation constant at different frequencies. The 
20-lb. cable (R = 88 ohms per mile and C = 0.065 
[LF per mile) will be taken for this example with 
various assumed values of inductance. In the
multiple twin cable, the natural inductance of a pair
may be taken as l millihenry, while in the
star quad type the greater separation be
tween wires gives a natural inductance of 
1.3 millihenries. Fig. 1 has been pre
pared to show the effect on the attenuation 
constant of such a cable where the dis
tributed inductance is assumed to be 
0; l; 13; 2, and 3 millihenries per mile.

Clearly the effect of even a very small 
inductance is marked as the frequency 
rises. At a frequency of 5000 cycles the 3 
millihenry curve is becoming flat whilst 
the other curves Where inductaane ls pre - 
sent show the same tendency, but in a 
lesser degree. The 2 and 3 millihenry 
curves are never met with in practice as 
no cables having these constants are 
manufactured. The curves have been 
drawn to demonstrate the effect of induct
ance in the attenuation formula. The

frequency range taken is larger than that necessary 
for the normM telephone circuit. it has been taken 
to show that as wL increases the attenuation rise with 
frequency becomes less.

Fig. 2 shows the attenuation constant plotted 
against inductance. in this graph it will be noticed 
that as the value of inductance is increased the 
attenuation decreases, but at a diminishing rate. 
Actually the minimum attenuation is reached when 
the inductance and capacty are in such relation that 
B = VRG (see Hill’s “ Telephonic Transmission,” 
Appendix V). When sufficient inductance is intro
duced to balance the loss due to capaccty the attenua
tion reduces to the D.C. case, ie., where inductance 

and capaccty are zero. This is sometimes 
referred to as the distortionless case.

The wave-length , is decreased as the 
inductance increases. This is shown very 
clearly in Table i and is illustrated 
graphically in Fig. 3. The effect of in
creasing the inductance of a line is there
fore to decrease both attenuation and 
wave-length. This fact led naturally 
enough to attempts to introduce “ load
ing ” by adding to the natural inductance 
of the line to increase its transmission 
rfficirncy.

There is another point of interest to note 
from the examination of the figures in 
Table I. As the inductance increases and 
the value of R2 becomes less important 
R2ufic2 becomes relatively small. Since 
this is the determining factor in the

loading

equation, the
attenuation is
way, one very

is to render the

effect of frequency on 
small. Put in another

considerable advantage of 
attenuation less dependent 
diminishing influence ofupon frequency. The

RZmZC2 is seen by comparing the differences between 
the columns headed VXY and Z in Table I.

Returning to formula (7) for the wave-length con
stant, this formula is approximately true for all 
loaded lines since it depends on the addition of the

Fig. 2.—Variation of Attenuation Constant with Inductance ; 
Frequency = 800 c.p.s,
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Fig. 3.—-Vriiation or Wave-length Constant with 
Inductance:; Frequency = 800 c.p.s.

two factors not their difference. R, therefore, in a 
loaded line, has small influence on u.

Consider now the transmission of 'a tone' of 800 
cycles along a line. When the current has travelled 
a distance equal to a complete wave-length of trans - 
mission the current is exactly in phase with the 
transmitted current, but 360° or 2tt radians behind. 
The wave has progressed a distance A in the time 
taken to complete one cycle or l/800th of a second. 
That is, the speed of propagation of the wave is 
tA- = 800 A.

800
In the general case

2nf
OimlfC

= a

If L and C are taken per mile the velocity V is 
calculated in miles'per second.

Ther time of transmission on a loaded circuit is

therefore dependent on —==_ and the heavier the 
V LC

loading the greater the time of transmission.
The characteristic impedance of a line is given by 

the expression

Zo
R + jiiiOi

G + juC
Assuming again that in a loaded line the resistance 

and leakance are negligible in comparison withiwL 
and wC,

Z-NE.............. ...... (p)
and this may be taken as a reasonable approximation 
in all cases.

We are now in a position to sum up the effects of 
loading a. transmission line by increasing its induct
ance.

l. Attenuation is decreased.
2. Thelength of propagation waves is decreased.
3. The-time of transmission is increased.
4. The impedance is increased.

I. This is of immense importance since trans - 
mission efficiency is increased. By adding I00 milli
henries as in Table I the cable could be extended to 
about 3.5 times its length for the same overall 
attenuation.

2. This is not of itself of great importance.
3. This factor becomes serious when very long 

lengths of circuits are involved since if the time of 
transmission becomes sufficiently great subscribers 
would not be able to reply to each'other with sufficient 
rapidity and conversation would become difficult.

4. This is of importiance leecause the effect of 
raising impedance is to raise the voltage on the circuit 
and this in turn increases cross-talk due to out of 
balance caparity.

Loading.
In actual practice loading may take one of two 

forms. A method was patented many years ago by 
Krarup, a Danish Engineer, consisting of wrapping 
a fine soft iron wire or tape round each conductor in 
a cable. The method is expensive and not very 
efficien-t, but has great advantages for sea cables 
where loading coils are difficult to deal with. A 
further disadvantage is that the effective resistance 
introduced by the iron losses causes the attenuation 
to rise rather rapidly with frequency.

The second and commoner method is to introduce 
coils of inductance at intervals along a cable. This 
can be done more cheaply and the addition of resist
ance to the circuit can be kept within reasonable 
limits. There is, however, another factor which 
needs to be explained.

Fig. 4 shows a coil loaded line without resistance, 
but having capaccty and inductance and made up in 
sections.

This diagram will be obvious to all radio enthu
siasts as a filter having several sections. Formula 
(6) shows the attenuation as zero, which is attained 
only with the perfect filter made of components 
havmg no losses. A filter made up as in Fig. 4 is

Fig. 4,—Quuialeent Diagram for Coil-loaded 
Line Without Resistance.

known as a “'low pass ” filter inasmuch as for low 
frequencies the series inductance and shunt caparity 
have but small effect. At high frequencies wL bring 
large and -c bring small, attenuation becomes very 

high and no current passes. Attenuation is there-
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fore only ‘1 zero ’ ’ over a certain range beyond which 
the filter cuts off all transmission. The filter “ cuts 
off ” when resonance occurs, and since the sections 
can be seen to be a series circuit of inductance L m

...........  ... . . C .senes with two capacities each equal to — , the 
resonance frequency is found as follows :—

°,L = ~~C~

or m2

or to

m 4

l
LC
4

2
/LC

-------=
^LX

= 2 7f

(1)
where L and C are values of inductance and capacity 
per loading coil section.

The cut off frequency is usually written f".
If resistance be added there is still a filter, but 

one which may be described as “ damped.” Its 
attenuation will have a value depending on the resist
ance and shunting tapacity at low frequencies and 
it will rise gradually until the cut off point is 
approached, nearing which the rise will become very 
rapid.

A typical curve of attenuation for a coil loaded 
line is shown in Fig. 5.

A coil loaded line therefore suffers from the 
difficulty that it only transmits a certain band of 
frequencies and it is necessary to determine the 
degree to which loading may be carried so as to avoid 
cutting off the important: upper harmonies of speech.

Referring again to Fig. 4, the filter is made up of 
sections each containing capacfty and inductance. 
The cut off point is determined by formula (9). 
Examining this formula it will be noticed that the 
frequency of cut off drops as the product of LC 
increases. In a telephone cable the capacfty per mile 
is fixed, therefore the greater the inductance per load
ing coil section the lower will be the cut off frequency.

Putting it another way, if it is desired to add a 
certain amount of inductance per mile this can be 
done by, say, a 500 mH cool every five miles or a 
400 mH cool every four miles or a 100 mH coil per 
mile. In the first case the filter section contains a 
product of 5 times the inductance with 5 times the 
capacfty compared with the last case. In the first 
case the cut off frequency will be only one fifth that 
of the last case.

Table II gives the calculated cut off frequency 
(fo) for various inductances spaced at (different 
distances apart in a cable having an assumed capacfty 
of 0.065 pF per mile.

The results have been shown in Fig. 6.
When loading was first introduced it ■was con - 

sidered that articulation was satisfactory if fre
quencies up to about 2200 cycles were transmitted. 
Havmg in mind the cost of loading coils and man- 
holes and also the variation of coppee weight required 

in order to get a desired attenuation

Fig. 5.—Attenuation Constant of 10-lb. Cable Loaded with 
120 mH Coins spaced at 1.136 miles.

with the loading chosen, ft was decided 
that toe most economical spaccnng of 
coils was about 2.5 miles. Under this 
condition the loading should be about: 
136 mH per coil.

When repeaters became a practicable 
proposition, the economic aspect of line 
provision changed as much lighter con - 
ductors could be used. Heavier load
ing became more economical since the 
added resistance of loading coils was of 
smaHer import, while in order to get 
the same cut off the sparing was re- 
duced to 16 miles. The corresponding 
inductance used was 177 mH. Later 
the cut off frequency was raised by 
reducmg the sparing to 1.125 miles.

Table II.

Sparing 
(miles)

L = 20 mH. 
fa

L = 50 mH.
fo

L = 100 mH. 
fa

I. = 150 mH.
f.

L = 200 mH. 
fa

L = 250 mH. 
fo

0.5 12500 7900 5600 4550 3950 3550
10 8850 5600 3950 3230 2790 2500
15 7230 4550 3230 2630 2270 2040
2.0 6250 3950 2790 2270 1980 1770
2.5 5600 3530 2500 2040 1770 11580
3.0 5100 3230 2280 1860 1610 1445
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Fm. 6.—Arriation or Cut Off Frequency with Loading 
Spacing ; C = 0.065 ,uF per mile.

As repeaters advanced in technique, long under~ 
ground lines became possible and articulation had to 
be reconsidered from a new asp«:!:. Since a repeater 
has a straight line law of amplification with fre
quency, it follows that a distortion due to a rise of 
attenuation with frequency in the first section would 
give a distorted input into the first repeater. This 
naturally became further distorted at the second and 
subsequent repeaters. It was therefore necessary to 
restrict the band of frequencies at its upper limit to 
0.7 times the theoretical cut off point. By Inter

national agreement the limiting value 
has been placed at 2400 cycles, thus 
giving a theoretical line limit of 3450 
cycles. This condition is met by 120 
mH spaced at 1.136 miles. This may 
explain to many the reasons for vary
ing loading spacings in the past. The 
decisions have been based on the most 
economical method of loading to give 
the desired cut off.

The formula developed for attenua
tion assumes that inductance is dis
tributed. It is not completely true for 
a line where loading is inserted at 
intervals along a cable, since the filter 
action completely cuts off transmission 
above a certain frequency. The
formula for the case where the con - 
stants are not uniformly distributed is 
somewhat complex and will be found by 
those interested in Malcolm’s “ Theory 

of the Submarine Telegraph,’” Chapter VI. The 
proof of a formula giving correct results for fre
quencies well below the cut off value is given in Hill's 
“ Telephone Transmission,” Appendix VI. The 
formula is as follows :—

6:f E7IC
Leakance which cannot be ignored, due to the higher 
impedance of loaded cables, is taken into account. 
R in this case includes the resistance of the loading 
coils as well as the line.

Carrier Telephony in Underground Cables
With a view to carrier working, certain pairs in 

several cables have been loaded or reloaded, the cut-off 
frequency being not less than 7 kilocycles per second. 
The reconditioned “ East Coast ” cable, London
Derby-Edinburgh, with 40-lb.'cnnduttors, has load
ing coils of 20 mH spaced at 1.6 miles between 
London and Derby, and coils of 27 mH spaced at 
1.136 miles between Derby and Edinburgh. On the 
West Coast, the old “ Northern Underground ” 
cable has been reloaded with 10 mH coils at 2% miles. 
In these cases, the coil inductance chosen has been 
determined by the use of the old loading chambers 
with existing sparing. In Wales, the new cable laid 
between Carmarthen and Haverford West was pro - 
vided with 30 mH coils at 1.136 miles. Similarly, 
the Liverpool-Glasgow cable to be laid this year has 
lightly loaded and unloaded quads in each of two 
layers with a view to the audio carrier scheme being 
applied.

Experiments have been in progress on the com - 
pleted cables with their associated repeaters or unit 
amplifiers. The cross-talk problems between carrier 
and carrier and between carrier and audio have neces
sarily received sperial attention. On the Carmarthen 

route, with unit: amplifiers at Carmarthen and Haver - 
ford West, a very good performance was obtained. 
On the East Coast cable circuit, terminal carrier 
equipment has been tried starting with one repeater 
section and adding section by section, finally testing 
between London and Edinburgh. The circuits were 
equalized up to nearly 80% of the cut-off frequency. 
Carrier to carrier cross-talk tests showed that about 
half of the quads could be used. To ensure good 
cross-talk between carrier and audio due to a common 
repeater being employed, a small compensating 
resistance was necessary in the output circuit of each 
repeater. This operates in a way equivalent to 
making the valve characteristic curve similar on the 
two sides of the normal priming voltage. An 
additional simple and effective means whereby the 
input speech voltage to the trunk circuit is limited 
was also provided. It employs a biassed metal 
rectifier circuit and operates only on the large peaks 
of speech when the volume of the latter is consider
able. No degradation in speech quality occurs, 
whilst in general the volume of speech on the trunk 
will be lower than that used in the trials. By these 
means the circuits can be made very satisfactory in all 
respects.
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Recent Developments in 
Concrete Kiosk Construction A. J. AMOS

CNCCRETE was first used by the Post Office 
as the material for constructing Telephone 
Kiosks when, in 1920, the Kiosk No. 1 was 

introduced. As a structure, this kiosk gave every 
satisfaction, and paved the way to the continued 
use of concrete in later designs. From an appear
ance point of view, however, it left much to be 
desired, and this feature led to the receipt of 
numerous requests from local authorties for designs 
more suited to local architecture. It was obvious 
that, on economic grounds, til these requests could 
not be met, and the Post Office invited Sir Giles 
Gilbert Scott, R.A., to prepare a design which could 
be standardised. The desSgn of the Kiosk No. 3 
which the architect prepared, andwhich is illustrated 
on the left of Fig. 1, followed closely the lines of the 
existing iron Kiosk No. 2, and a more imposing 
structure would have been diflicult to imagine. The

fact that thousands of these kiosks are now erected 
in settings varying from the wooded lanes of the 
countryside to the heart of a busy city, shows how 
Sir Giles, in a masterly way, fashioned a kiosk in 
keeping with the dignity of the Post Office and 
which could be erected anywhere without drawing 
comppaint from local authorities. .
The original Kiosk No. 3 design.

The kiosk consists of seven separate concrete 
sections, viz., two side sections, one back section, 
till, floor slab, dome, and a transom section-,,.with..¡x 
Columbian pine door hung in a steel - door frame 
(see Fig. 2). The two sides and the door are glazed, 
and the transom section provides for four opal glass 
Telephone signs. The sides and back are screwed 
together, the door frame is fixed to the sides with 
nuts and bolts, while the transom section with its 
associated steel frame adds much to the rigidity of 
the structure.

Fm. 1.—Olw and New Types or Kmsx No. 3.
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DOMB ROOF

Fig. 2-—Sections or Old Type Kiosk.

The concrete used consists of an approved aggre- 
gate, graded into coarse and fine, with aluminous 
cement. The coarse aggregate varies between a" 
to 73, while the fine aggregate consists of clean, 
sharp washed sand y" down. Not more than 5% 
of the fine aggregate must pass the lOO-mesh sieve 
when subjected to the test laid down by the British 
Standards Institution. The concrete is mixed in the 
following proportions :—Cement 100 lb., fine aggre- 
gate 1j cubic feet, and coarse aggregate 3 cubic 
feet.

One of the most pleasing features of this- kiosk is 
the finish, which is Clipsham stone colour with all 
the steelwork painted Post Office red. In the first 
instance, Portland Cement was used, but it was 
-found impossible to obtain a suitable material, 
giving this specified finish, which would adhere or 
maintain a reasonably good appearance. It was 
because of this fact that aluminous cement was 
adopted, and to offset the disadvantage of the extra 
cost, there is the advantage that kiosks can be pro - 
duced at three times the rate as with Portland 
cement. The aluminous cement coatings are treated 
with an oil-bound paint and lightly stippled. This 
paint, which is quick drying, is found to adhere to 
the concrete remarkably well.

Since the first contracts, in 1928, manufacturing 
difficulties have arisen from time to time, with re
sultant weaknesses in the castings and, while every 
effort was made to combat these difficulties, it was 
finally decided that the only satisfactory method of 
obtaining better castings was to make certain 
■changes in structural 'design, and in the method of 
■assembly. Against this, it' had to' be borne in mind 
that any change in outward appearance must be 
avoided as' far as possible for two important 
reasooss—

(1) The fact that the kiosk was prepared to the 
design of an eminent architect has- proved 
an invaluable lever to the Post Office in 
dealing with local authorities.

(2) The public are now thoroughly familiar with 
the appearance of a telephone kiosk.

Any changes that were made, therefore, should 
be such that external appearance should be almost 

junaffected.

Manufacturing difficulties and their cure.
Fig. 3 shows the transom section. It will be 

clearly seen from this illustration that the section is 
built up of a number of delicate members. The 

mould for this cassing is sscessorily■ 
complicated and difficult to fill with 
concrete of a consistency which will 
produce reasonable strength. Even 
with considerable vibration of the 
mould and “ rodding ” of the concrete, 
it is almost: impossible to remove 
trapped air.

In pre-cast concrete work, it is an 
advantage if moulds are open and flat 
on the top surface so that they can 
eashy be filled and “ vibrated ” and 
the concrete “ ‘ struck off. ”

With this in mind, it was decided to split up the 
transom section into four parts, casSisg three of 
these parts integral with the sides and the back, 
and lettinjg the fourth side form a small panel to fix 
over the door frame. In doing this, two sight 
alterations to appearance were introduced. By 
splltting the section into four, surface joints were 
exposed on two sides, at points where they were 
most noticeable. Sir Giles Scott, in his dessgn, had 
cleverly masked all joints by the shadow produced 
by a pilaster, and the same procedure was followed 
here by introducing pilasters on the corners at the 
top of the extended sides.

The second alteration resulted from the fact that, 
to produce a large enough section to give adequate 
strength, it was necessary to reduce the length-of 
the Telephone signs by 5J".

Reference to Fig. 4 (a) will show that pilasters 
were cast on both sides of the side sections of the 
kiosk. To do this it was necessary to build up the 
shaded portion above the striking off surface of the 
mould with'consequent difficulty in obtaining adhe-
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sion. Structurally, the pilaster on the inside of the 
section serves no useful purpose and, as shown at 
Fig. 4 (b) it can be eliminated without altering the 
external appearance.

The new Kiosk No. 3 design.
Combining these two modifications, a kiosk can 

be produced, still consisiing of seven separate con - 
crete sections, but such that six of these sections 
can be cast in flat, open moulds. These sections 
(with the exception of the floor slab) are shown 
separately in Fig. 5, and the assembled kiosk is 
shown on the right of Fig. l.

DOME ROOF cll back 0001? 5/DE PANEL
(OUTSIDE ) 
I UPPERMOST

S/DE PANEL
(”VS/DE 1
UPPERMOST'TRANSOM

PANEL

Fig. 5.—SEcrions or New Type Kiosk.

Difficulties due to other causes.
During the hot weather in the midsummer 

months, reports were received from a number of 
contractors that kiosks, after assembly and while 
awaiting inspection by the Department’s inspecting 
officer, cracked under the influence of the sun. In 
examining this problem, it must be borne in mind 

that the Department specifies rapid hardening 
aluminous cement, the behaviour of which is appre
ciably different from that of Portland cement. With 
a rapid nardening cement, very great care has to be 
taken to ensure that there should be sufficient water 
present during the seeting process to produce com - 
plete hydration of the cement. If the kiosks are 
exposed to the sun, some of the water may evaporate 
and there will be insufficient water to bring about 
complete hydration, with consequent cracking of the 
castlings. To overcome this, the moulds, when filled, 
are covered with wet sacking for a period of 24 hours, 
and a clause to this effect has been added to the

specification. At the end of this time, 
the castlings are ready for hand
ling.

It was found that in many cases, the 
cracking of the concrete sections took 
place at those points where wooden 
plugs were inserted to enable the
sections of the kiosk to be screwed 
together. The wood, in contact with 
the wet concrete, swelled apprcciably 
and produced a bursting action. 
Wooden plugs have been replaced on 
the new dessgn by metal inserts.

Before the new design was finally standardized, 
Sir Giles Scott was invited to inspect: two kiosks in
corporating the modifications. In expressing his 
approval, Sir Giles stated that, in his opinion, those 
few alterations which had been introduced, made
the appearance of the kiosks more suitable for a 
structure constructed in concrete.

Carrier Telephony on Aerial Lines

A description of the mains-operated equipment 
designed for use on aerial lines was given in the July, 
1933, issue of the P.O.E.E. journal. Supplies of 
this equipment for providing 12 carrier circuits have 
been received and tested. Installation and lining up 
in various districts, espercs!!;/ in Scotland, have taken 
place and the performance of the circuits on traffic 
has been reported as very satisfactory.

In the Glasgow area, four circuits are in opera
tion, viz., Glasgow-Oban, Glasgow-Fort William, 
Glasgow-Lochgilphead, and Glasgow-Campbeltown. 
For 63 miles all the circuits are on the same pole 
route, whilst two circuits are together for 98 miles. 
The crossTalk between circuits is rommercially 
satisfactory in all cases, but to provide additional 
margin in this respect additional transpositions will 
be introduced.

From Aberdeen, two carrier circuits are in opera
tion to Inverness and one to Wick. In this case, 
satisfactory cross-talk was ensured by an adjustment 

of levels. The Wick circuit has been eipecially 
appreciated by the subscribers and enables a very 
high grade of communication to be obtained from 
the Orkney Islands to London. It is understood 
that a favourite call for tourists on this route is from 
John O’Groats to Lands End.

A circuit: is also in use between Swansea and 
Aberystwyth.

In all cases, the overall transmission has been 
made 3 db. Radio interference is almost completely 
absent whilst other line noise on the carrier circuit: 
is generafiy, though not always, less than that on the 
asiociatcd physical circuit:. This is quite satisfactory 
in view of the fact that the efficiency of the carrier 
circuit is everywhere better than that of the audio. 
The lines are 150 or 200 lb. copper, the longest length 
is 137 miles, and underground cable up to a total of 
3% miles occurs on some routes. The audio frequency 
attenuations of the physical circuits are between 8.5 
and 10.5 db. .
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A Transmission Test Sett for Sub
scribers’ Instruments, Local 
Lines, and Exchange Apparatus

E. J. BARNES, a.c,g.i., a.m.i.e.e.
and

R. E. SWIFT, B.Sc.. a.m.i.e.e.

SE EER AL attempts have been made in the 
past ten years to devise a means of testing 
the transmission efficiency of subscribers’ 

instruments, including the transmitter, by a simple 
test capable of being made quickly by the mainten
ance officer in conjunction with the telephone ex - 
change test clerk. This article describes simple and 
inexpensive testing equipment with which sub
scribers’ apparatus, including the local line and 
transmitter, may be tested in a routine manner.

The apparatus consists of three units, namely :—
(1) Noise Generator No. 1.
(2) Oscillator No. 8A.
(3) Tester T.L. 1635. (If mounted on a test

desk—a Panel Test A.T. 2635.)
The Oscillator No. 8A and the Tester T.L. 1635 

are portable units used for measuring the attenua
tion in lines or apparatus at 300, 800 or 2,000 c.p.s. 
The Noise Generator No. 1 and a modified form of 
the Tester T.L. 1635 may be used for obtaining 
the overall efficiency of a subscriber’s circuit, in
cluding the transmitter, in terms of a standard cir
cuit. A feature of both tests is that the results 
may be read on the meter of the Tester T.L. 1635 
directly in decibels.

Testing of Subscriber’s Instruments.
Three methods of measuring the efficiency of sub

scribers’ instruments have previously been tried and 
it is thought a brief outline of the three methods will 
illustrate some of the difficulties that are met with.

(a) The Artificial Cable Test. In this test, which 
was used in telephone exchanges soon after the in - 
troduction of C.B. working, no quantitative 
measurements are made, but a listemng test was 
made by an officer at the telephone exchange to a talk 
from a maintenance office at the subscriber’s tele
phone over a circuit consisting of the subscriber’s 
line plus thirty miles of artificial cable. It will be 
realised that with this test the number of trans - 
mitters described as faulty and changed will depend, 
amongst other factors, on the strength of the line
man’s voice, the distance from the transmitter at 
which he speaks, the acuteness of hearing of the 
listener. and the amount of extraneous noise in the 
test room Where the listener is located.

(b) The Subscriber’s Station efficiency Trstrr1 
An obvious step from the artificial cable test was to 
provide the listener with a measuring instrument 
and the talker with a standard transmitter for com -

1 “ Routine Transmission Testing of Subscribers’ Instruments 
at the Subscriber’s Office..” A. Hudson. P.O.E.E.
Journal, Vol. 21.

parison with the test transmitter. Such an equip
ment has been used at Wileesden Exchange with 
useful results. This equipment, howeverr provided 
for the quantitative testing of recrivers and for this 
purpose included a high gain amplifier which in - 
creased the cost out of proportion to the advantages 
obtained from the receiver test.

(c) 'The Palmers Green Test Set. In this test set 
the reciver test was abandoned and a two-valve am - 
plifier rectifier employed in conjunction with the test 
desk voltmeter for comparing the output from a 
.standard transmitter carried by the lineman and the 
subscriber's transmitter. It will be apparent that 
this method of testing relies for its accuracy on the 
judgment of the lineman in talking with equal 
volume into and at the same distance from booth the 
standard and the test transmitters. There is the 
additional manipulative difficulty of connecting the 
standard transmitter to the circuit.

The introduction of the Noise Generator No. 1 by 
the Research Section, Dollis Hill, and the coni~ 

mercial development of the tensitive copper oxide 
rectifier A.C. voltmeter enabled the present test set 
to be evolved. It surmounts the main difficulties 
present in previous test sets and makes possible for 
the first time the routine measurement of transmitter 
efficiencies in the field, with known maximum 
errors.

General Requirements of a Suitable Test.
It is now the practice in the Post Office to design 

each subscriber’s plant and line so that the trans - 
mission is up to a certain standard grade. The 
standard grade of transmission is that given by a 
standard Mici•otnlepholte No. 162 with a Bril Set 
No. 1, connected through a non-reactive line of 300 
ohms, to a standard 22-volt C.B. cord circuit."’ The 
distance of the average speaker from the transmitter 
mouthpiece has been assessed from actual measure
ments. and as this distance is different in the cases 
of p^essat ¡and microtnlnphonn type instruments, 
this difference is allowed for when estimating the 
efficiency of any circuit in terms of the standard 
circuit.

When the new basis of plant desigTt has been in 
use for a sufficient period, we shah reach the condi
tion where theoretically no subscriber’s circuit:, 
if the apparatus is in order, will have a worse 
efficiency than that of the standard circuit: if the 
circuits were compared, by means of a speech test,

2 “ Modern Developments in Telephone Transmission over 
Lines.” J. Stratton and “V. G. Luxton. A paper read 
before the London Centre of the I.P.O.E.E. on October 
10th, 1933. 
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with the talker speaking at constant volume, but at 
the correct average distance for the type of telephone. 
Any routine test of subscribers’ circuits, therefore, 
should be capable of measuring its efficiency in terms 
of the standard circuit and of giving results in agree
ment with speech tests.

As a satisfactory test would be used by thousands 
of linemen any equipment to be used by them should 
be inexpensive,’ stable, robust, light and not com - 
plicated in operation.

Standard Noise and Voltmeter Test.
It will be noted that the previous methods of test 

described above have relied upon a lineman’s judg
ment in talking correctly into the transmitter under 
test. It is extremely difficult for a speaker, without 
much practice, to keep his voice constant during a 
test, and it has long been realized that a device 
emitting a suitable noise to replace speech is desir
able both in acceptance and field tests of trans - 

• mitters. The Telephone Instrument Tested has 
--been used now for some years for acceptance tests 
and a noise generator suitable for use by linemen 
has been designed to provide a constant source of 
sound for field tests.

To provide the necessary measuring equipment at 
the exchange, it was decided to use, if possible, an 

"0 ~ 1 volt metal rectifier instrument without any 
amplifier since this, type and range of meter was 
standardized for use with an attenuation measuring 
set: for local lines. This instrument is described later 
in this article, and the use of a common meter will 
greatly facilitate the complete testing of equipment.

Noise Generator No. 1.
A photograph of the noise generator is shown in 

Fig.- l. The overall .dimensions are 2.13/16" x 
2 13/16" x 2%" and the weight 1 lb. The apparatus 
is readily carried about and can be applied to thc 
transmitter under test with one hand.

In principle the generator consists of a light nickel 
silver- cone rigidly clamped round the edge. The 
apex of the cone is fitted with a hard steel adjust

. able' pip which is struck by a number of hard steel 
' balls at irregularly spaced intervals. The balls are 

■carried in slots in a wheel which' is made to rotate 
by clockwork. The slots are not quite radial but 
are placed so that the balls which fly out to the edge 
of the wheel under centrifugal force, have the mini
mum restriction of movement on striking the cone; 
the wear on both the cone and the balls will hence 
be a minimum. The balls are spaced irregularly 
round the wheel, the pitch varying from 15° to 
26.5°; in this manner the sound radiated by the cone 
during one revolution of the wheel consists of a 
varying fundamental frequency which, with the 
harmonies, covers the speech range. The wheel 
rotates at-300 revolutions per minute.

The mechanism of the generator is enclosed in a 
die-cast zinc alloy box from which it is insulated by 
rubber to prevent: the mschanical transmission of 
vibration to the transmitter. The speed of the

3 “ Mechanical Testing of Transmitter and Receiver Effi- 
ciencies.” A. Hudson. P.O.E.E. Journal, Vol..22.

Fig. 1.—Noise Generator. No. 1.

wheel is kept constant by a governor ■ similar to 
the one fitted in automatic dials. The wheel, which 
is set in motion by the depression of a button, rotates 
for'8 seconds, giving ample time for the test.

The noise- generator is intended' to radiate sound, 
the intensity of which will remain constant during 
the life of. the apparatus. All noise generators will 
be adjusted before bung put into service to - give 
the same volume of sound output. This.adjustment 
is made by setting, the speed to 300-revolutions per 
minuut.and varying the distance of the cone pip 
from the rotating, ball wheel. The speed adjustment 
is facilitated by the use of a stroboscopic disc de - 
.signed for use with a lamp on a 50-cycle per second 
supply.

The moulded rubber guard on-the front. of.the 
case is designed to place the generator in the correct 
position relative to the transmitters; it is suitable 
for either the curved mouthpiece of ths-Terephone 
No. 162 or the flat mouthpiece of the Transmitter 
N0. 22, or Transmitter No. 1.

Noise generators manufactured under mass pro - 
duction conditions can readily be adjusted to give a 
maximum difference of plus or minus 0.7 db in sound 
output compared with a standard. There is no 
adjustment possible in regard to the natural frequ
ency of vibration of the cone; this, however, is not 
of great importance provided that- departures- from 

208



the standard are within defined limits. Actually cones 
are selected to a standard before assembly, but it 
is inevitable that small differences between cones 
will occur. These differences will not affect the 
accuracy beyond the 0.7 db. mentioned above.

Decibelmeter No. 1, Tester T.L. 1635 and Panel 
Test AT. 2635.

The common meter used as a receiving end for 
both noise generator tests of the efficiency of trans - 
mitters and for single frequency measurements of 
attenuation, is a 0 — 1 volt A.C. meter incorpor
ating a copper oxide rectifier. The impedance of the 
meter is 2000 ohms at full scale deflection, but in
creases as the deflection decreases. The meter has 
been designed by instrument manufacturers prim
arily for this test and much research work has been 
done to provide an instrument with small tempera
ture and frequency errors, with suitable damping and 
scale shape. The voltmeter measures the voltage 
across a non-reactive resistor of such a value that 
the impedance of the resistor-voltmeter com - 
bination is 600 ohms at full scale deflection. The 
resistor is attached to the meter case and the 
combination called a Decibelmeter No. 1 The 
decibelmeter has two ranges 0 — 15 db. and 5 — 20 
db. ;each meter is calibrated individually in decibels 
by inserting known losses between an oscillator and 
the meter in order to allow for the change of im
pedance of the meter.
_ The decibeimeier, with a condenser and inductor, 
is mounted as a portable unit: called a Tester 
T.L. 161315, for making single frequency tests in con-
junction with an Oscillator 8A. For nofee gener
ator tests the decibelmeter is assocíated with a 
transmission bridge; the combination is mounted on 
a test desk and is called a Panel Test A.T. 2635. By 
means of a key, this test desk equipment may be 
made identical with a Tester T.L. 1635 and used for 
the same purpose.

The Minimum Permissible Noise Voltage at the 
Exchange.

In decding the nummum permfestofe A.C. voltage 
at the exchange which should be produced by any 
type of transmitter when excited by a nofee generator, 
the folfewmg considerations require attention.

The magnitude of the sound pressure on the 
transmitter diaphragm fe toportant since the rela
tive efficiency of two circuits will vary, depending on 
the volume of the sound used for testing; this, effect 
will be particularly noticeable when one of the cir- 
cuits is working C.B. and the otter L.B. In order 
to be able to use a 0 — 1 volt instrument to 
measure the A.C. power at the exchange the 
volume of sound from the nofee generator has been 
increased to a level of about 10 decibels above the 
levri used by the average subscribe- when making 
a trunk caU.-k fe afeo at feast 10 detibds ab°ve the 
volume used when making speech tests in the 
feteratory. It Mows, therefore, that two circuits 
which have apparently the same efficiency when 
tested by speech may have (Efferent effiefenefes when 
the nofee generator test fe apphed. Ttese dilfer- 

cnces are modified, however because in practice a 
.speaker talks at different distances from microtele
phones and from transmitters of the pedestal type 
such as transmitters No. 22, and the noise generator 
is used at a common distance for transmitters of all 
types. It is impossible therefore to state a single 
figure for the minimum A.C. voltage that should 
be obtained at the exchange with a noise generator 
test of this type in order that all circuits should not 
be worse than the efficiency of the standard circuit 
when measured by means of a speech test. The differ
ences, however, can readily be allowed for and a 
suitable value found for the minimum received volt
age for each condition.

Tests have shown that an individual noise 
generator test of efficiency may be plus or minus 
two decibels different from the true speech efficiency 
so that in order to avoid the rejection of trans - 
mitters which are between 0 and 2 db. better than 
standard, it is necessary to allow a tolerance of 
2 db. in practice. This means that transmitters 
which are on the maximum length of line allowed 
will be rejected if they are 2 db. worse than standard 
and may be rejected if they have an efficiency be
tween 0 and 2 db. worse than standard.

When considering the case of L.B. instruments 
there is the complication of the transmitter battery. 
If the test were earned out when the batteries were 
in good condition, a circuit might pass the test, but 
the efficiency might fall below that of the standard 
circuit as the voltage of the battery falls to the 
limiting condition. It is necessary to ensure that 
the test is carried out when the batteries are in an 
average condition; and if the cells are renewed 
immediately prior to a transmission test the voltage 
of the battery is reduced during the test to that of 
the average battery by means of a shunt resfetor. 
On long C.B. lines where L.B. instruments are fitted, 
the plant is designed to give standard transmission 
when the cells have the minimum permissible volt- 
aage of 1 volt per cell. With L.B. instruments in 
L.B. areas, the transmission efficiency is permitted 
to fall 2 db. below that of the standard circuit as 
the voltage of «he cells, drops from that of the 

<'average battery (1.2 volts per cell) to the limiting 
condition of 1.0 volt per cell.

These factors have been taken into account in 
preparing the table of rejection figures shown in Fig. 
2 for use at Avenue Exchange where transmission 
tests are now in progress.

Method of making Transmission Tests.
The test desk equipment necessary for transmis

sion tests is a Pane Test A.T. 2635, a circuit diagram 
of which is shown in Fig. 3. The equipment con - 
sists of a Decibelmeter No. 1 connected to a 
transmission bridge, consfeting of a two-winding 
inductor and a 1 [nF condenser. The exchange 
battery is applied through a resistor to the wind
ings of the cod; the value of the resistor is 
adjusted for each type of exchange to give the same 
line current as the normal exchange cord circuit 
connected to a subscriber’s line. The attenuation 
of the transmission bridge is 0.8 db. at 800 cycles
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Type of 
Cilfiuit. Type of Telephone.

Bell 
Set 
No.

Max. Read- 
gng pn D fuibel 
Meter.

Q.B.

Instruments fitted with 
Transmitters No. 1.

Instruments with Trans
mitters No. 22, or 
H.M.T. Instruments 
fitted with Insets No. 
10............................

1

L.B.

P.B.X. 
Operator’s 

Circuit 
(using 

operator’s 
induction 

coil).

Instruments fitted with
Transmitters No. 2.

Instruments with Trans
mitters No. 22, or
H.M.T. Instruments 
fitted with Insets No. 
10..................................

Instruments fitted with 
Transmitters B.P. No. 

5A..............................

Telephones No. 184. ...

9

12

110

8

per second and so compares .with the loss in the 
average cord circuit. The operation of a key con - 
nects the apparatus to one of two test cords; a 
second key changes the range of the meter and a 
third key disconnects the exchange battery, short
circuits the 1 [iF condenser and prepares the equip
ment for use with an Oscillator No. 8A for making 
single frequency measurements.

To carry out a transmission test, the subscriber's 
instrument: is connected via- the local line and the 
test cord to the test panri. The lineman applies 
the noise generator to the transmitter and the test 
clerk determines whether the reading on the decibel
meter is above or below the appropriate maximum 
permissible reading for that type of instrument; if 
the reading is above, then the transmission is un- 
satisfactory and faulty apparatus must be sought.
Proposed method of testing where the parent ex - 

change is not equipped with a test desk.
Where normal testing is done over junctions from 

a central exchange, the junctions are arranged to 
give a loop without intervening transmission 
bridges between the central exchange and the sub
scriber. In these cases the total resistance of the 
line between the subscriber’s apparatus and the 
central exchange may be 1400 ohms. The high 
transmission loss of such a circuit, wherethe trans - 
mitter feeding current is received from the central 
exchange" makes a. transmission test with noise 
generator and decibelmeter impracticable.

Fig. 2.—Rejection Figures Prepared for Trial at 
A.venue Exchange.

Port of TxgtoO- Téa/~ Cored Cd 
Po-S/A/on /

VoPmehr

X’m'sn Hood 60' X/mSn Hold 700 Reprp Cail

Porne! Tesi- Z?T2635

too + too
200 + 200
350 * 35024v A 36v syst-er-ns.

4Ov. 50v or 60»sysioms 
fuse Ntrh Test- Cord CdTe/eol Modffibdvbns Ao Te.st

Gord Cots. 5ee- Note 2-

o Decibel
'(Nof-e 3)

scale 
Change
Over 
key 
MS.

Rcsrsjpno:

Vo/tme/ier 
m<: 

\ition_2_

Fae/hon. I.
VoHmedv

Pone/ Teas- fi 7^63^

Voot-meder key 
etc: PbsiliQn 2 

mired as far
pas'? I.

Cannecf^bm of oddir/bno/ kez Io be 
£rovr'ded when Peone/ ESP 7T7Ì63_5 

1 fitted on top of desk.

Notes.
I Prior “a provision of fhe 7éat~ Pans^ flh-skyy 
was COrnmeT-^d fo -há tryw Sprmqs of Me 
voltrnefun key, H/e conruschorts beirbg 
removed for- conrnecJ-ing the Taefbncl.
2 . Whom [+75 pane 7ésA PTUBaS ¿ fiHed, 

the sur sling Spkg.Tesb key a associat-ed 
apparaftus Should be rermowzd A the 
SpeaRtrsg Gd re-ejrabhbhed-

3 The res-s-anccs shown are 

mocrftorrefked in Hm dec/be/ meher- -

Fig. 3. Transmission Test Panel A.T.2635, showing Typical Modifications to Test Cord Circuits.- - g 1(V
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Alternative circuit arrangements which may be 
used are :

(1) Extend the subscriber’s circuit by an 
ordinary junction to the central exchange.

(2) Provide facilities for switching a transmis
sion bridge into the test distributor junc
tion at the local exchange; the switching 
to be controlled at the central exchange.

Tests of the relative disadvantages of these two 
plans are in progress.

Proposed methods of measuring transmitter effici
encies at remote stations.

There are a large number of subscribers, estimated 
at 200,000, served by about 4,800 exchanges where 
it is economicaly undesirable and in many cases 
technically impracticable to install decibelmeters for 
the purpose of making transmission tests from sub
scribers’ premises.

Alternative methods of test are :
(1) Provide the lineman with a measuring in

strument, a Tester T.L. 1635 may be suit
able, and measure the output from the sub
scriber’s instrument at the instrument ter - 
minals.

(2) Extend the subscriber’s circuit over a junc
tion of known attenuation to the nearest 
exchange with transmission testing equUp- 
ment.

Tests are in progress to determine the most suit
able form of test.

Measurement of Attenuation in Lines and 
Apparatus.

In 1925 a junction test set was designed in the 
Research Section for measuring losses in lines up 
to 20 standard miles. The sending end consisted of 
a single valve oscillator g'iving a testing current at 
800 cycles per second; the receiving end was a two - 
valve amplifier rectifier. The test set: had the dis
advantages of requiring an individual battery to 
supply the anode current and a calibration chart to 
show the relation between the meter reading and 
the loss in standard miles.

Portable, direct reading equipment, conssssing of 
an Oscillator No. 8A and a Tester T.L. 1635, has 
been designed to measure attenuations up to 20 deci
bels. The circuit diagram of the new set is shown 
in Fig. 4 and a photograph of the apparatus in 
Fig. 5. ' ‘ ‘

The oscUlator has a single valve and is designed 
to work from any exchange battery from 25 volts 
to 60 volts. When a 22-volt battery only is avail
able two or three additional dry cells may be used 
to enable sufficient output to be obtained. Three 
frequencies are available, nameey, 300, 800 and 
2000 cycles per second correct under all working 
conditions within plus or minus 10%. Any one of 
these frequencies can be selected by throwing a key. 
The voltage output from the oscUlator is measured 
by means of'a 0 - 6 volt metal. rectifier voltmeter.

The oscUlator is designed to give at least 3.6

 NSTRUCTIONS FOR USE 7 
BATTERY SUPPLY. the oscillator will work from 
ANY EXCHANJE BAJTERY’SUPPLY BETWEEN 22uAND eOv.

_ , , IE.EJCHTN0E.BATTERY VOLTAGE IS LESS THAN 25V 
HOWEVER, aRINJ H.T. VOLTAJE UP TO 25V.APPROX.BYREMOVNG 
STRAP AND INSERTING ONE OR MORE JELLS -EC.DS.6 
BETWEEN EXTRA H.T. TERMINALS.

IFAN EXCHANJE BATTERY IS NOT YEADILVAJCESSIBLR 
THE OSCILLATOR CAN SR WORKED FROM Two CRL-S LRJ. 
DS OR DR2 CONNECTED TO EX CH BATT. TERMINALS AND 
zsv (JELLS LEC.DS.6)J:ONNEJTED To EXTRA H.T. TERMINALS. 
' TH1RE1LAMENT CURRENT SHOULD BEAJOUSTEO TO 200 IMA 

ARARNING. BEFORE CONNECTING BATTERY LEADS To M—CH. 
RATT. TERM1NALS.SEE THAT mL RESISTANCE CONTROL IS IN 

. OFF POSITION AND LINKA(SEE DAG3IS IN SOCKET CORRES- 
~ PONDINJTO VOLTAGE OF exchange battery in-use.

FYRwENCY.-hrtesting frequencies shoulo bused 
' AS FO.LOWS:- 3ooRPS.TOR GENERAL TRLRPRINTRRTESTINO

- - sou ■> ” in ' , TELEPHONE *» _
, 2000 n .. TRSTO^QUALTYUE TELEPHONE

SPEECH. , ' r- - .
TO MAKE TEST. connect one end of line or apparatus .

' TO OSSILL-TTORILEE’ERM1NTES. '
CONNECT OTHER ENDOF-INE ORAPPTRTTUS To TESTER ,
T.LJS3§ UNE TERMINALS. ,
SET-cHaNGE-SVER-NEY- TO DESIRED- FREQUENCY. ,
WHEN MEASURING LOSSES OYER ZDBS.(E.GJUNCT-0N JcjQ 

■ ■ adjust QUEUIJONTYOL until the oscillator , 
. . VOLTMETER NEEDLE IS ON REDLINE. - - _ j ' '

WHERE SMALL LOSSES UNDER 2Dis. (e.O.TANNSMISSION ‘ 
■ BRIOJESjARE TOBE- MEASURED ,THE ZERO-OE.TEST.EE .

T.LJ635. DECIBEL METER SHOULD BE CHECKED IMMED- ’ IATELY EEEORE TEST IS-MAOE-OY CONNECTING TESTER- , 
T.L .635 DIRECTLY TO THE" OSCILLATOR LINE TERMINALS 
AND DETERM1NINJ FOR THE AFPROPYtTE’FREOUENJY THE ‘ 
OUTPUT VOLTAGE REQUIRED TO BRING THE POINTER TO ' 
ZERO ON TESTER TL.1635 DECIOEl-MRTER. THIS OUTPUT 
SHOULD BE USED DURING THE PARTICULAR SERIES OF 
TESTS CONCERNED.
DB. LOSSES IN LINE OR APPARATUS ARE RETD DIRECTLY 
ON TESTER T.L.I 635 DRCIEEL MRTRRHOI-PNG COILS. FOR TESTING’A’CORD CIRCUITS RTJ.THE 
HOLDING COIL LINK SHOULD BE INSERTED.
WHEN TESTING JUNCTION JIRCurTS ETC. THE LINK 
SNDULO BE REMOVED.

OSCILLATOR No.8A 8 TESTER T.L.I635.

NOTE :- RESISTANCE VALUES SHOWN ARE 
APPfRDX.ONLY-ANO WILL VARY.'. " - ‘
FOR EACH INOIVIOUAL INSTRUMENT.
THE RESISTANCES AYR PART OF DR.METEER

APPARATUS 
UNDER 
TEST

Fig. 4.—Oscillttor No. 8A and Tester T.L.1635.
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Fig. 5,oOccilattor ant Tester.

volts across a non-reactive output load of 800 ohms, 
of which 600 ohms is included in the oscillator in 
series with the output, so that at least 3.6 volts is 
measured on the meter with an external load of 200 
ohms.

If the tester T.L. 1635 is connected to the oscil
lator with intervening apparatus giving a loss of 
5 db. when terminated with 600 ohms, the deci
belmeter registers 1 volt (fui scale deflection) when 
the oscHlator is adjusted to 3.56 volts. This gives 
a voltage of 1.78 volts on the line terminals of the 
osriilator, which is 5 db. above the 1 volt required 
to give full scale on the decbelmeter of the receiving 
end. The testing power of 1 milliwatt used for 
repeatered lines would not give sufficient power 
through 20 db. to operate the most sensitive rectifier 
voltmeter satisfactorily.

Both the osriilator and the tester T.L. 1635 are 
provided with inductors which have negligible 
A.C. loss but provide low D.C. resistance termina
tions where it is necessary, as in exchange cord cir
cuits, to make measurements with large direct 
current in the apparatus under test in order to 
obtain the worst conditions which occur in practice. 
The inductors may be used also to provide a 
means of applying the exchange battery to the appa

ratus under test where this is necessary to operate 
the apparatus.

The Panri Test A.T. 2635 used by the test clerk 
for noise generator tests may also be used in conjunc
tion with the oicillrtrr for malting tests over lines 
and apparatus. at 300, 800 or 2000 cycles per second. 
This should prove a most convenient and useful 
method of testing.

Conclusions.
The apparatus described above provides an accu

rate and inexpensive means of analysing the losses 
in subscribers’ apparatus, local lines and unre- 
peatered junctions. A measurement of the attenua
tion of a circuit, particularly at a number of fre
quencies often provides the quickest means of locat
ing an obscure fault. This test set which enables’ 
apparatus to be so tested in a routine manner should 
prove of great value in the maintenance of telephone 
exchange apparatus and line plant. The noise 
generator test of subscribers’ lines plus apparatus, 
whilst bring inevitably subject to certain errors, 
should provide a valuable means of checking the 
efficiency of such circuits and provide a quick test 
in cases of transmission complaints.
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A Predsson Heterodyne Osdilator l e. ryall, ph.D.(Eng.), a.m.i.e.e.

Abstract.

DESIGN details and the performance character
istics of a heterodyne oscillator with a 
frequency range from 0 to 15,500 c.p.s., which 

has been developed by the Post Office Engineering 
Research Section in conjunction with Messrs. H. 
W. Sullivan Ltd., are given. The remarkable fre
quency stability and calibration accuracy ensure that 
the frequency error is less than 0.2% + l c.p.s. 
The scale is truly logarthmic from 100 c.p.s. to 
12,000 c.p.s. and the output voltage is constant to 
within + 0.1 db. from 20 c.p.s. to 12,000 c.p.s. 
The wave form is particularly good with measured 
harmonic contents of less than 0.3% of the total 
signal voltage.

About three years ago the experience of the 
Department: with the types of commercial heterodyne 
oscillators then available led to a derision bring made 
that this form of signal generator was unsuitable for 
use in telephone repeater stations owing to fre
quency instabbiity and to the poor calibration 
accuracy obtained. It was felt, however, that, in view 
of the other advantages which the direct reading, 
contmuously-variable frequency heterodyne oscUlato 
has over its rivals, an attempt should be made to 
produce an instrument as perfect in all respects as it 
was commercially possible to make. The co-opera
tion of Mr. W. H. F. Griffiths, of Messrs. H. W. 
Sullivan Ltd), in the design of the components of foe 
H.F. oscillators was obtained, and it is largely 
due to the stable inductance coils and condensers 
developed esperially for this oscilafor that the fre
quency accuracy has been achieved. The complete 
osriilator made to the Post Office design by Messrs. 
H. W. Sullivan Ltd. has now been adopted for 
general repeater station use.

Principle of the Heterodyne Oscillator.
Any form of heterodyne osriilator, such as shown 

diagrammatically in Fig. 1, consists of two high-

Fig. 1.—Principle of the Heterodynk Oscillator 
(Schematic).

fr-equency osciilators having a fixed frequency F, and 
a variable fr-equency F2 respectively. The fr-equency 
F, is changed by means of a variable air condenser 
calibrated direct in beat frequency, F, - F,. The 
two high fr-equency signals are rectified and a signal 

of fr-equency F, — F, is produced, which after suit
able amplification passes to the output. If a pure 
beat note signal is required, one at least of the high 
fr-equency signals must be free from harmonic, and 
a band-pass filter (B.P.F.) should precede the signal 
rectifier. A low-pass filter (L.P.F.) should also 
follow the rectifier to prevent signals of the fre
quencies F, and F, from passing to the output.

The requirements of a good heterodyne osriilator 
are :—

(1) A fr-equency range covering the audio
frequency spectrum.

(2) A high accuracy of fr-equency calibration.
i3§ Very good frequency stabbilty.
(4) A pure output signal voltage free from har- 

monies and extraneous rignals.
(5) A constant output voltage over the frequency 

range.

Fig. 2.—Thb Ryall-Sullivan Heterodyne 
Oscillator—Front Vmw.
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(6) A scale beat frequency obeying- some 
definite law, e.g., a logarithmic scale of beat 
frequency.

(7) For repeater station work, it is desirable that 
. the output impedance should be constant over

the frequency range.
The success with which these requirements have 

been met can best be judged by the following sum
marized performance characteristics of the final 
oscillator, shown in Figs. 2 and 3 :—

■'( 1) Frequency range 0 to 15,500 cp.s
(2) Scale - 0.2% accuracy + 1 c.p.s.
(3) Stabiiity from immediaaely upon switching on 

— + 1 c.p.s. per day completely unaffected 
by normd temperature changes.

(4) Harmonic content less than 0.3%.
(5) Constant output voltage from 20 c.p.s.' to 

12,000 c.p.s. to less than + 0.1 decibel.
(6) A perfectly logarithmic scale of beat frequency 

from 100 c.p.s. to 12,000 c.p.s. Below 100 

c.p.s. and above 12,000 c.p.s., the scale is 
linear.

(7) Output impedance of 600 ohms, very nearly 
non-reactive and output balanced with regard 
to earth potential for repeater station work.

(8) The oscHlator gives a pure output up to 0.2 
watts with 130 V. H.T. supply or up to 2 
watts with 350 V. H.T. supply and can be 
made mains or battery operated.

Oscillator Dimensions, Supply Voltage, and 
Cmmm:

The oscHlator- is designed for standard rack 
mounting. It is 35 inches high, 19 inches wide) and 
projects 41 inchee 10 front of, and 8%- inches behind, 
the rack.

The oscHlator is normally supplied fer operation 
from batteries standardized for telephone- repeater 
station use.

Filament voltage :—19/22 volts, (2 amps).

Fig. 3. —The Ryall-Sullivan Heterodyne Oscillator—Rear View with covens removed.
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Anode voltage :—130/150 volts, (50/60 mA).
The output is then limited to about 250 milliwatts.
With an anode supply of 350 volts, an output 

power of 2 watts can be obtained.
A mains supply panel for A.C. mains has been 

designed to supply the necessary anode and filament 
voltages. The panel is 19 inches wide and 15% inches 
high. _ _ .

The simplified diagram of the oscillator is shown 
in Fig. 4. Dynatron oscillators are employedand 
their outputs are applied via 
potentiometers R, and R2 to a 
common two - stage amplifier 
(valves V3 and V4) and then 
through a band-pass filter to the 
detector valve V5. This is fol - 
lowed by a low-pass filter C.O. 
= 20 kc;p.s.) and a stage of L.P. 
amplification V6 incorporating a 
low-frequency corrector in the

10 times that required of the final calibration, since 
other factors will also influence the final beat fre- 
quency calibration. In order to obtain a frequency 
permanence over a period of years of the order of 
0.01 per cent., dynatron oscillators incorporating 
the highest grade components in the osciilatory 
circuits are used. The coils used are Sullivan- 
Griffiths temperature compensated inductances of a 
small, size developed especiaUy for this osciilator. 
The inductances must be efficiently screened both

Fig. 4.—¡Simplified Circuit Dagram.

anode circuit. The final output stage consists of a 
high-power valve V7 feeding the balanced output 
transformer. A device for compensating for the 
amount of harmonic produced in the amplifier is 
incorporated in this output stage, and also means for 
controlling the output impedance.

Frequency Stability and Calibration Accuracy'.
Probably the most striking features of the oscil

lator are the frequency stability and the scale 
accuracy, and so a few remarks on the factors 
influencing these features will not be out of place.

(a) A change in the frequency calibration will 
occur due to the fundamental frequency Fj of the 
fixed frequency oscdlator changing. It can be shown 
that the change of beat frequency f is proportional 
to the cube of the oscUlator frequency F1 so that it 
is very important that the permanence of F, over a 
long period should be as high as possitbe—at least. 

from one another and from external interference, but 
the screening must not unduly increase the coil 
losses, since the in^tabili-'ty of oscHlation is pro - 
portional to the square of the coil decrement. Since 
there is a commrrciat limit to the size of the screen- 
ing box, it was necessary to design a speccal type of 
multi-layer temperature coefficientlest inductance 
coil for the purpose. The condensers in the otcil- 
latory circuits are temperature co^fficientlett fixed 
mica condensers and first grade air condensers. 
Long period stabihty of F1 will be affected by valve 
replacement unless the capacity diferences of the 
electrode system atsociatrd with the oscHlatory circuit 
are negligible Screen grid valves have a small 
anode to screen grid capacciy, and with the type of 
screen grid valve used, i.e., Mullard S4 VB, the 
capaccty only varies very sHghtly from valve to valve 
due to the flat plate anodes, and the construction of 
tthe valve. When the cahbration of the ostiilator is 
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initially made, a screen grid valve having a mean 
capacity is employed.

(b) A change in the capacity calibration of the 
variable condenser will affect the calibration 
accuracy. Since the beat: frequency f is small com - 
pared with the main osculation fr-equency F,, it can 
be shown that changes of the variable capaccty C 
produce proportional changes in f. It is extremely 
difficult to produce a logarithmic scale condenser 
having a high degree of permanence, particularly at 
the high frequencies where the caparity is large. A 
permanence of about 0.1 per cent. for a period of 
five years has been obtained, but it is essential that 
the condenser should be mounted with its spindle 
vertical to retain this calibration accuracy.

(c) Fr-equency instability occurs due to drift of 
the beat: frequency. If the two frequencies F1 and F2 
change relative to one another, except due to a 
change of the variable condenser, a corresponding 
error in the beat frequency f results. Any changes 
occurring in the frequencies F, and F2 should there
fore be similar and the osculating circuits should be 
as nearly as possible identical. The inductance coils 
and fixed tuning condensers are matched with regard 
to temperature coefficient to within 0.00025 and 
0.0003 per cent:. per degree Centigrade, and are 
surrounded by similar subssantially made copper 
screening boxes.

(d) Changes of supply voltages affects the oscil
lation frequency. The decrement of the oscHlatory 
circuits must be low, otherwise the fr-equency F1 will 
be affected by supply voltage changes, which would 

also probably cause a frequency drift due to unequal 
changes of F1 and F2.
Selection of Oscillation Frequencies F1 and F2.

The selection of these frequencies to give a beat 
fr-equency range up to 15 kc.p.s. is largely deter
mined by the magnitude of the capacities necessary 
in the assodated oscHlatory circuits. Using 1,000 
micro-henry inductance coils the. tuning capacfty is 
approximately 2,550 micro-micro-farads at 100 
kc.p.s., increasmg to 3,550 micro-micro-farads at 
85 kc.p.s. This increase of 1000 micro-micro-farads 
is obtained with the variable air condenser controlling 
the beat frequency. Any reduction in these fre
quencies will necessstate larger tuning inductances 
and a considerably larger incremental capac’ity of the 
variable air condenser, which is difficult to obtain it 
the condenser cafibration is to have a logarithmic 
fr-equency scale. On the other hand, increases in the 
heterodyne frequencies are also undesirable, as a 
greater degree of accuracy is required in maintaining 
these frequencies to give the same accuracy of beat 
frequency.

A spedal form of variable condenser has been 
developed by Mr. W. H. F. Griffiths, of H. W. 
Sullivan Ltd., to give a logarithmic law of beat 
frequency, and still retain the robustness that is 
necessary for the permanence of the calibration. A 
logarithmic law is usually assodated with exag
gerated plate shapes, occupying a large space and 
producmg instabiiity. Mr. Griffiths has obtained 
the desired law by varying the number of plates 
engaged in addition to shaping them. Fig. 5 shows 

Fig. 5.—Loarrithmic Law Variable Am Condenser and Temperature Compensated. 
Inductance Col.
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the variable condensed oO robust design that is incor
porated in the' osciilator, and the temperature com
pensated inductance coil.

The scale is shown diagrammatically in Fig. 6. 
It will be observed that the total angular movement 
is 230 degrees and the scale is linear up to 100 c.p.s. 
and logarithmic from 100 to 12,000 c.p.s. 

the kathode. The negative control grid voltage is 
increased until it is just below the value required to 
give maximum oscillation. The variable frequency 
osriilator is adjusted when the frequency is 88 kc.; 
i.e., with the beat note condenser set at 12,000 c.p.s. 
The setting of the control grid voltage can be deter~ 
mined by noting the change in the rectifier anode

IOOO •

Fig. 6.—Frqueency Scale of Ryall-Sullivan Heterodyne Oscillator.

Method of Controlling the Oscillating Valves.
The valves used are Mullard screen grid, indirectly 

heated, type S4 VB. They are mounted just outside 
the col screening boxes. The anode and screened 
grid voltages are obtained from potentiometer resist
ances connected across the H.T. supply. The volt
ages are approximately 35 and 80 respectively when 
the H.T. voltage is 130 volts. Separate potentio
meters are used for each valve to prevent coupping 
between the two oscillators. The control grid volt - 
age is obtained from variable potentiometers and can 
be varied between 0 and -4 volts with respect to

Further details of the condenser design and a fuller descrip
tion of the factors influencing the frequency accuracy and 
stability are given in two articles by Mr. W. H. F. 
Griffiths, “ Precision Heterodyne Oscîilators,” The Wire
less Engineer, May, 1934, and “ Wide Range Variable 
Condenser for Spedal Laws,” The Wireless Engineer, 
August, 1934, 

current when only the osriilator under test applies a 
signal to the rectifier valve.

The oscUlating condition used is determined, not 
by frequency stabiilty, but by output voltage stabiilty. 
For a maximum frequency stability the negative 
resistance of the valve should be made only slightly 
less than the dynamic impedance of the oscUlatory 
circuit. The amplitude of the oscillation will then 
vary considerably with the generated frequency and 
with supply voltage changes. To obtain a constant 
output at all values of the beat frequency, irrespective 
of slight changes in the supply voltage, is considered 
of greater importance than the maximum stabiilty, 
provided that the stability otherwise obtained is in 
excess of normal requirements.

The effect of 5 per cent. supply voltage variations 
is to change the beat frequency approximately 0.15 
c.p.s. when the common heater and grid Mas battery 
changes, and less than 0.1 c.p.s. in the case of the 
supply to the anode and screened grid.
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“ Pull-in” Frequency Stability and Calibration 
Accuracv Obtained.

The oscillators are effectively screened from one 
another and there is practically no coupling via the 
coupling coils which have a mutual inductance with 
the main coil of about 3 microhenries. “ Pull-in 
between the two oscilators does not occur until the 
beat frequency is reduced below 0.2 c.p.s. A zero 
beat ” method of scale setting is employed in which 
the “ zero beat ” is recorded on a milliammeter in 
the anode circuit of the detector valve.

The stability is such that the frequency does not 
vary more than 1 c.p.s. over long periods of days 
and the change is less than 0.2 c.p.s. in a l5-minute 
period. Furthermore, the beat frequency obtained 
when oscUlations commence after initially switching 
on the osriilator supplies, is within 1 c.p.s. of the 
normal value. Hence there is no time wasted in 
waiting for the oscillations to settle down before 
using the instrument.

The maximum calibration error after a period of 
years from all causes is 0.25 per cent.2

A difficulty arose in obtaining a satisfactory scale 
that could be set so that full use of the calibration 
accuracy could be made. It has already been pointed 
out that in order to retain the permanence of calibra
tion the condenser must be mounted with the spindle 
vertical. The scale is consequently horizontal. The 
scale radius of 11 cms. is the maximum consistent 
with normal pressure on the edge of the milled 
circular scale, having no effect on the condenser 
calibration. With the specca! design of the con - 
denser plates, the angular movement is extended 
over 230° instead of the more usual 170° giving a 
correspondingly more open scale, having a total 
length of 43.5 cms. The scale itsrif is finely 
engraved on bakelite and is initially calibrated at 
60 cardinal points against a frequency standard.

The linear portions of the scale between 0 - 100 
c.p.s. and 12,000 to 15,500 c.p.s. occupy lengths of 
7.25 cms. and 3 cms. respectiveey, whilst the length 
of any octave between 100 c.p.s. and 12,000 c.p.s. is 
4.8 cms., which represents 0.14 mm. change of scale 
length for a 0.2 per cent. frequency change. The 
engraved calibration lines are 0.1 mm. thick and it 
is possible to obtain alignment of the scale and the 
index at any calibration point to within .025 mm. or 
% of the line width. This represents a scale setting 
accuracy having a maximum error of 0.06 per cent. 
Between calibrated points the error would be about 
doubled. At a recent meeting of the Institution of 
Post Office Electrical Engineers in London, the 
stability and scale setting accuracy of the osriilator 
were demonstrated during the course of the' lecture 
by first switching on the osriilator some hours after 
setting it up and observing the “ zero ” beat, and 
then without adjustment seeting the osriilator scale 
to 1,000 c.p.s. and comparing the note with that of a 
1,000 c.p.s. fr-equency standard. In each case the 
beat frequency was well below one cycle per second.

2 “ Preccsion Heterodyne Oscillatol•s.” W. H. F. Griffiths.
The Wireless Engineer, May, 1934,

Purity of Output—Sources' of Possible Distor
tion AND THEIR CORRECTION.

(a) Distortion due to “Pull-in.” “ Pull-in.” 
between the two heterodyne osrillators will result in 
distorted wave .form at frequencies considerably 
above the “ pull-in ” frequency, so that to obtain 
sinusoidal beat fr-equency signals at very low fre
quencies the “ pull-in ” fr-equency must be exceed- 
inglg low. It will be seen in Fig. 4 that there is no 
direct coupling between the two pick up coils which 
are connected across separate 1,000-ohm potentio
meters. The variable potentiometer tappings are 
connected in series in the grid circuit of an ampUfying 
valve. The potentiometer connected to the variable 
frequency osriilator coil supplies the main high 
fr-equency signal; the potentiometer connected to the 
fixed fr-equency osriilator coil supplies the hetero
dyning signal, and this potentiometer controls the 
beat frequency output. “ Pull-in ” between the two 
osrillators does not occur until the beat fr-equency 
between them is less than 0.2 c.p.s. Fig. 7 shows

Fig. 7.—Occila Aron Wave Form—2 c.p.s.

the osriilator wave form at 2 c.p.s., and it appears 
sinusoidal.

(b) Distortion due to impure high frequtncy 
tigmih. An impure wave form of the high frequM^ 
signal when rEctifitd will cause harmonics of the 
beat frequency' to be product. After two stages of 
mm^ifoation, th1 combined H.F. signaft are passed 
through a singk-section bandpass filter shown in 
Fig. 4. Tht shunt arms primarily have a remnant 
frequency of 95 kc., but an addition! variabl^on- 
dtnser is connected across the terminating imptdance 
to provide high frequency equalisation of the brat 
frequency signal. The series arm consists of a 5 mH 
dust-core coil designed to resonate by virtue of its 
srif-caparity at approximately 200 kc

(c) Dirforiion in tin rectifier. Anode hard rectify 
ration is used with a steady grid bias voltage of 8.5 
volts applied to the rectifier valve, V5, (P.O. type 
V-T- 82). TTi1 magnitude of tin H.F. signal voltage 
(before heterodyning) applied to the grid is rradily 
dtductd from tbe incrtast of anode current it pro- 
ducts in the detector vaNe. Using- valves of the 
samt type, the applied signal voffage dora n°t -vaiy 
more than 10 ptr cent. whtn the corresponding equal 
IncreasES in anode current aro obtamed. Grid lrak 
rectifiration was also tried, but muter the brat ran - 
ditions tiie harmonic produced for a givra output is 
approximately 10 decibels above th! obtain^ with 
anodt bend rectification. The low freqiierniyamplifi« 
following the rectffier is such that 100 mW output 
is obtained with about 0.75 volt of the frequircy
sgnal imposed on a variable frequencysignal of 3.0 
volts in the grid circuit of the rectifier valve.
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(d) L.F. Amplifier distortion. Additional distor
tion will occur in the L.F. first stage amplifying 
valve, but by using an anode feed resistance of 
50,000 ohms (equal to 10 times the normal valve 
impedance) and by reducing the grid bias votage to 
a minimum, consistent with the absence of grid 
current at full output, this distortion is kept very 
small.

(6) Distortion in the output. stage. The output 
stage can also produce considerable distortion. The 
valve distortion is kept small by using an LSGA type 
of valve capable of' handling large powers. The 
output transformer is choke capacky coupled to the 
output valveso that no D.C. passes through the out - 
put transformer windings. The output transformer 
has a mumetal core. The inductance of the output 
(600-0hm) winding is about 15 henries and the leak
age inductance is about 3.7 millihenries. The 
importance of this low teakage inductance is dis
cussed teter. The effect of the transformer distor
tion is not serious until the frequency falls below 
50 c.p.s.

It was initially considered that a push-pull output 
stage would reduce the harmonic present and this was 
mstaHed. An additional output valve is reqmred and 
in addition a “ para-phase ” stage mcorporating 
another ampfifymg valve, so that the signal voltage 
coud be applied to the grids of both of the output 
valves in correct phase relationship. The introduc
tion of a transformer to do tins would mean 
additiohal dtetortion and a non-uniform frequency 
response. The push-pull stage only reduces the 
harmonic content of the output stage, but leaves the 
harmomc produced by the detecttor valve and the 
other L.F. amplifying vakes. This residua a distor
tion was found to be greater than that of the output 
stage, especcally for small output voltages:

(f) Con’ecfaon of harmomc distortion. A novel 
device for reducing the amount of harmonic present 
has been introduced into the output stage of the 
oscUlator. . This consists of a metal oxide rectifier in 
paraltel with a reristance, the combination being 
connected in series with the” output circuit: This 
rectifier combination produces harmonic distortion in 
the same manner as a thermmnic valve, and by suit
ably choosing the type of rectifier and the value of 
the hunting resistance the valve dtetortion of the 
oscUlator, mcluding the anode bend rectifier dtetor- 
tion, can be compensated and reduced by at least 10 
decibds. At smaal outputs practically no harmomc' 
of any kind remains, 'eepeeially for fundamental fre
quencies of 300 c.p.s. and above. Fig. 8 shows 
the relation between the harmonic content and the 
signal vokage for different outputs Over the fre
quency range of the oscUlator. ' ‘

(g) Distortion due to H.F. imterfeecnce signals. 
H.F. signals of frequencies from 100 kc. to 85 kc. 
may be superimposed on the oscillator signals due to 
“ pick up ” from radio stations unless the H.F. 
amplifier cs adequately screened, mcluding the con - 
nexmns to the oscUlator “ pick up ” coils. Further
more, when large outputs of a relatively high 
freqnency beat: signal are produced the h^monte 
present may themsekes be mtrodticed into the H.F. 

amplifier and cause additional heterodyne signals, 
unless the H.F. amplifier is screened from the L.F. 
amplifier.

(11 .) Distortion due to L.F. interference signals. 
The band-pass filter is connected to the grid of the 
detector valve in the manner shown in Fig. 4 so that 
there is a high L.F. impedance between this grid 
and the H.T-. supply of the prior H.F. amplifier and 
a very low L.F. impedance between the grid and the 
filament centre point of the detector valve.

Uniformity of Output Voltage over the Fre
quency Range; Sources of Variation, their 

Prevention and Correction.
(a) H.F. Oscillator amplitude variation. A varia

tion of the output voltage of the'H.F. oscUlator will 
occur when the frequency changes from 100 kc. to 
88 kc. to give a beat frequency of 0 to 12 kc., due to 
a change in the dynamic impedance of the resonated 
coil in the anode circuit of the oscUlator valve. This 
change is kept small by selecting the electrode 
potentials of the valve so that the negative anode
kathode impedance is much less than the dynamic 
impedance of the resonated coil. It is preferable 
that the minimum decrement of the oscHlatory circuit 
should occur at a frequency greater than 100 kc.' so 
that the output voltage of the oscUlator tends to 
decrease as the frequency falls from 100 kc. to 88 kc., 
as this form of output-frequency characteristic readily 
lends itself to amplitude compensation in the band
pass filter.

(b) Band-pass filter transmission losses. The 
transmission loss of the H.F. band-pass filter can be

Fig. 8.—ARrmonic Content of 
Oscillator with 130v. H.T.

controlled by varying the capacky C6 in shunt with 
the terminating impedance (see Fig. 4). Thus by 
increasing this capacky above the normal value the 
transmission loss is decreased at 88 kc. as compared 
with the loss at 100 kc. This results in a rising 
voltage beat-frequency characteristic of such a form 
that it can be adjusted to compensate the loss caused 
by capacky leakage and leakage inductance in the 
L.F. amplifier. The chang'e in beat frequency out - 
put voltage due to a change in one of the H.F. signal 
voltages is reduced to a second order effect by 
mMting the varying signal voltages the larger of the 
two heterodyne voltages. Thus the relatively large 
changes in output of the variable frequency oscUlator 
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needed to give small changes of beat frequency out - 
put are easily controlled, and the adjustment of the 
capacity C6 in the band-pass filter is not critical. 
Fig. 9 shows the beat frequency output character-
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istic with the capacity C6 varied to give different 
amounts of compensation. When C6 equals 0.00063 
microfarads the variable signal voltage applied to the 
grid of the rectifying valve is constant and the loss of 
beat frequency output at high frequencies is due to 
the losses in the L.F. amplifier.

(c) Low frequency amplifier losses. At high 
frequencies, losses may occur in the low-pass filter as 
well as in the amplifier and output transformer, but 
as explained above these losses are less than 0.5 
decibel at 10,000 c.p.s. and can be compensated in a 
very simple manner.

At low frequencies, transmission losses occur due 
to the impedance of the anode battery by-pass con - 
denser rising and becoming comparable with the 
anode circuit impedance. Partly for this reason, 
and to separate the large A.C. output’voltage from 
the anode battery as much as possible, the output 
transformer is tapaciiy coupled to the kathode of the 
output valve, not to the anode battery. Serious loss 
in the inter-stage coupling is avoided by using 
coupling condensers and resistances with a time con - 
stant greater than 0.05 sec. Since it is also desirable 
to obtain the H.T. supply to the oscíllator from a 
“ mains unit ” it is arranged that the amplification 
of the L.F. amplifier shall fall off below 20 c.p.s. so 
that very low frequency osculation shall not occur.

The overall low frequency transmission loss of the 
osccilator is shown in Fig. 10. Suitable compensa-

Fig. 10.—L.F. ConRECToa Characteristics.

tion is provided in the interstage L.F. amplifier. 
The effect of varying the value of the capacity C10 
on the frequency equalization is also shown. It will 
be observed that the output does not vary from the 
value at 800 c.p.s. by more than 0.1 decibel when 
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010 is 0.12 micro-farads until the frequency falls 
below 20 c.p.s. The values of C6 and C10 for high 
and low frequency compensation are best selected by 
trial for each oscillator if the optimum constancy of 
output is required. The change in output voltage 
over the beat frequency range for different values of 
the load impedance is shown in the following table :—

* The frequency range in the original design was limited to 
12,000 c.p.s., but has since been extended to 15,500 c.p.s. 
to meet future underground carrier telephone circuit re - 
quirements and to enable the highest audio frequencies to 
be obtained. No attempt has been made to maintain the 
output voltage absolutely constant above 12,000 c.p.s., but 
the change is less than 1 db.

Frequency, 
c.p~.s.

Output variation from 1,000 c.p.s. 
value (db.).

3OO--om. 
load.

600-ohm 
load.

1,000-ohm 
load.

15 - 1.0 - 1.4 - 1.6
18 - .2 - .27 — .35
20 < + .05 — .09 - .2
30 < + .05' - .12
50 • ■ — .08
200 .. - .08
300 to 3,000 . < ± .05
4,000 .. + .1
8,000 g .08 + .15
9,000 - .13 . + .1
10,000 - .18 + .05
11,000 - .23 - .06 < ± .05
12.000 — .2 - -1
13,000* + .5 + .75 + .85
14,000* + .1 + .2 + .3
15,000* - .3 - .25 - .2

The frequency range in the original design was 
limited to 12,000 c.p.s., but has since been extended 
to 15,500 c.p.s. to meet future underground carrier 
telephone circuit requirements and to enable the 
highest audio frequencies to be obtained. No 
attempt has been made to maintain the output volt
age absolutely constant above 12,000 c.p.s., but the 
change is less than 1 db.

Constancy of Output Impedance.
For repeater station use the output impedance 

should be 600 ohms non-reactive. This value is 
determined by the output valve impedance. The 
output transformer ratio is such that the output 
impedance with norm! valves is approximately 450 
ohms, and can be varied by adjusting the resistance 
R13 in series with the valve impedance.

The reactive component of the output impedance is 
due to the inductance of the output transformer and 
the anode choke, together with the impedance of the 
coupling condenser. At low frequencies the shunt 
impedance of the output transformer, and at high 
frequencies, its leakage inductance affects the re - 
active component, and the resultant impedance be
tween frequencies of 50 to 6,400 c.p.s. is shown in 
Fig. 11. The dotted curve indicates the limits within 
which the vector impedance must be to ensure that 
the error caused by the variation of the generator 
impedance from 600 ohms, when measuring the
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Fig. 11—Uutput Impedance of Oscillator.

attenuation of circuits having re-active impedance 
with the angles up to 45°, shall not exceed 0.2 decibel. 
The small reactive component obtained is the result 
of a specially designed transformer having a ratio of 
leakage inductance to open circuit inductance of l 
to 4,000. 

-~~
Variation of Output Voltage due to Supply 

Voltage Variations.
One of the disadvantages of a multi-stage oscil

lator in which the output voltage amplitude is 
dependent on the A.C. voltage generated in the initial 
stages is that the output is liable to vary considerably 
when the supply voltage varies. The variation in 
output voltage of the H.F. generators is reduced by 
ensuring that the control grid voltage is such that 
the oscillation amplitude is a maximum.

The .amplification variation of the intermediate 
amplifying stages is minimized by incorporating 
high resistances where possible in anode circuits. 
With the oscHlator set up as described previously 
the output voltage variation is approximately 0.4 
deribel when the filament voltage changes 5 per cent. 
and about 1.3 decibels when the anode supply voltage 
changes 5 per cent. It is desirable that rheostats 
should be fitted in series with the anode and filament 
supplies so that these supply voltages to the oscil
lator may be under control. A 3-range voltmeter
milliammeter is incorporated so that the anode and 
filament voltages can be measured. The third range 
is required to measure the anode current of the 
detector valve.

Provision for Obtaining large Output Powers.
Whilst the osriilator has been designed primarily 

to give output powers up to 300 mflV with an anode 
battery supply of 130 to 150 volts, output powers up 
to 10 times this value can be obtained by changing 
the LS6A output valve for a valve type PX25, and 
increasing the anode battery voltage applied to this 
valve to 350 or 400 volts. The harmonic content is 
then :—

Less than 0.3% above 300 c.p.s. for outputs 
up to 0.5 watt.

Less than 1% above 40 c.p.s. for outputs 
up to 1.0 watt.

Less than 2% above 20 c.p.s. for outputs 
up to 2.0 watt.

These harmonic contents are obtained using an 
A.C. mains unit: designed to supply the L.T. and 
H.T. supplies to the osciilator.

Setting of the Oscillator Controls.
In setting up the oscillator, the grid potentials of 

the screen grid oscillator valves are first adjusted, 
then the correct magnitude of the variable frequency 
oscillator signal is obtained for application to the 
detector valve grid. The output impedance can also 
be corrected if necessary, and the harmonic reduced 
to a minimum by means of the harmonic compensa
tor. These control adjustments, having once been 
made should not require re-setting for some months, 
or until valve replacements are made. The con - 
trols are accordingly normally covered in. The only 
adjustments necessary when in general use are to 
control output and supply voltage. The “ zero 
beat ” condenser does not require resetting unless 
extreme accuracy is required.

For general use, the volume controls are set to 
give the output levri required and the condenser dial 
is rotated to give the desired frequency as indicated 
on the dial.

Importance of Frequency Stability and Output 
Purity and Consstacy in Telephone Transmission 

Measurement's.
A high degree of frequency stability of a signal 

generator is required in order to measure the 
impedance irregularities of a telephone cable. It is 
impossible to obtain such characteristics if the fre
quency is unstable and drifting. The location of 
faults from a knowledge of the frequency changes 
between successive impedance “ bumps ” neces- 
sitrtta very accurate frequency measurements bring 
made, and the stability and calibration accuracy of 
the oscillator are well worth the care and manufactur
ing precision that have been found necessaay.

The oscillator purity greatly facilitates bridge 
balancing and becomes useful as a source of pure 
tone when measuring the harmonic distortion intro - 
duced by amplifiers. The purity of the oscillator 
signal at very low frequencies is of particular import
ance in measuring the transmission frequency 
characteristics of apparatus and circuits used for 
music transmission. If the attenuation of the net - 
work rises rapidly at low frequencies, any Signal 
harmonics will pass through the network with 
relatively low attenuation and the resultant measure - 
ment of Signal attenuation will be inaccurate.

Absolute constancy of output is essential where 
speedy and accurate attenuation-frequency character - 
istics of circuits are required. The introduction of 
an output correction factor at certain frequencies 
may lead to errors due to the sign of the correction 
factor bring changed between gain and attenuation 
measurements.
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Modernizing Teleprinter Diagrams C. D, LIPSCOMBE

DURING the last seven years the Baudot and 
Wheatstone telegraph systems , have been 
almost entirely replaced by start-stop tele

printers for the working of the Inland Telegraph 
Service. As was natural with a change-over of this 
type, it was accomplished office by office, and the 
varying circuit:' requirements, together with the 
differing power and battery supplies available, led to 
a multiplicity of diagrams covering Teleprinter No. 
3A table circuits.

Fig. 1,—TEEEPRieraR duplex Circuit.

a duplex circuit in the earliest form of teleprinter 
diagram. It will be seen that although the conven- 
tions used were cumbersome and full of detaiil, 
thereby requiring excessive time in drafting, their 
electrical functions were not always clearly indicated 
and therefore, from a telegraphic point of view, the 
clarity of the diagram was greatly impaired.

Three years ago, efforts were made to simplify the 
conventions, and the extraction of those portions of 
the diagrams which could be considered as common

circuit requirements, such as 
the teleprinter connexions and 
the power supply for the tele
printer motor, was accom
plished. By the adoption of 
the approved British Standard 
Institution symbols this year, 
a further simplification was 
rendered possible and the first 
attempt to produce these 
diagrams on a schematic-basis 
was made. Bythis time cir
cuit design had become stan- 
dardized to a large degree-and 
the power arrangements at the 
various offices had been col
lated. This led to a- circuit 
being reproduced with » its 
power supply connexions suit - 
ably designated, and- alterna- 
tive power arrangements- were 
drawn as separate figures of 
another diagram, each of the 
figures bring arranged for-

After the completion of 
the change-over, the cir
cuits had to be modified 
to suit modern require
ments and conditions— 
for instance, the alterna
tive morse facility was 
dispensed with and, later, 
2-line or 2-pair simplex 
working was introduced 
to a considerable extent; 
these changes tended still 
further to add to the 
number of diagrams.

The diagrams were not 
produced on schematic 
lines, but attempted to 
portray the table lay-out 
and to picture the appar
atus in order to show the 
relative positions of ter - 
minals, etc., as an aid to 
wiring. Fig. 1 illustrates
222
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placing adjacent to the circuit 
diagram, thereby linking up 
the latter with any power 
supply desired. Thus a basic 
circuit could be designed and 
standardized and all varying 
power supplies dealt with as 
occasion demanded.

Now that teleprinter table 
circuits, or, as they are now 
known, circuits for non-rack 
mounted offices, are being pro - 
duced for loose-leaf issue, the 
final step in modernizing these 
diagrams has been made. A 
greater degree of clarity has 
been achieved by a further 
simplification of those con - 
ventions not covered by British
Standard symbols, by drafting 
more on a straight line 
schematic basis, and by the segregationiOf all 
installation instructions from the individual dia
grams to a separate loose-leaf sheet, to which 
all circuits will be referred. By_combining, on 
a basic circuit diagram, the alternative connexions 
for non-relay, “ B ” relay, and “ G ” relay arrange - 
meats, and indicating the tag numbering for Relays 
Standard EN and GN, all variations of the circuit 
and all types of telegraph relay are embodied in the 
one diagram. This innovation has made possible a 
considerable reduction in the number of diagrams 
required. Fig. 2 illustrates a duplex circuit as 
drafted in the new style of teleprinter diagram and 
Fig. 4 shows three power arrangements as repro - 
duced on a separate diagram. These power arrange - 
ments apply also to the 2-way simplex and YQ circuit 
diagrams.

In the new form of diagram the circuit may not 
appear to have been drafted in the clearest manner 
when compared with telephone practice, but it must 
be appreciated that these diagrams are mainly for 
use in the Districts where teleprinter circuits are 
required to be installed in situ; consequently the 
fullest information asregards terminal numbering or 
lettering had to ‘be given and no detaching of 
associated parts of apparatus therefore was 
attempted. This meant that strictly straight' line 
diagrams could not be produced; butevery effort has- 
been' made to draft on the clearest lines possible 
having due regard "to the three main purposes of the 
diagrams, viz., msiatlatioo,' maintenance and 
schematic record.

The new loose-leaf issue comprising some twelve 
diagrams will cover all common teleprinter circuits 
and power requirements for non-rack mounted offices 
and will replace about twenty- diagrams of the old 
form, which were far from complete in covering all 
circuits and power supplies. With a scheme of this 
nature it can be made to embrace only common 
circuits and 'will cover Duplex, Simplex and YQ 
circuits and Duplex and Simplex circuits.wi"h switch 
"o reserve facility, with "he following line and local 
power arrangements :—

Fig. 3.—Teleprinter Position Circuit.

(a) Universal battery for line and local power.
( 17 One battery for line and local power.
(c) Separate batteries for line and local power.
(d) Rectified A.C. supply for line and local power.
(e) Rectified A.C. supply for local power and 

battery for line power.
(f) D.C. supply for local power and battery fol

line power.

Loca yo/tag tabe 80+80. 
Line vatLuge lo be connected 
a required

DC. or RediHed AC, rupp/y for Mona Pooee. 
Universal Battery "he and Lad Porncr

O.t. rr Petd/fled A.C suppy bf M>tor firmer. 
One BOtery tor Line rod Loew! Porter.

0.1. o RediHed A C Jupp/y for Motor Potier. 
Separate BaOteziei far Line ornd Local Pone.

Fig. 4.—Alerrnative Power Arrangements.
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(g) Secondary cells, with gas or petrol engine 
charging set:, for line and local power.

Speccal circuits, such as 2-way Simplex C.B. work - 
ing and V.F. extensions, will be dealt with on the 
same general lines of simplification, but will not be 
related to the common power arrangements.

Diagrams covering the segregated common por- 
tions of the basic circuits are also being prepared 
for loose-teal: issue and include the teleprinter con - 
nexions, both intern! and schematic, teleprinter 
motor power circuits, line and local power arrange - 

ments, artificial line connexions for duplex circuits 
and installation instructions.

For schematic auxiliary teleprinter circuits, strict 
conformity with telephone diagram practice is 
observed; the diagrams being drawn on purely 
straight line and detached contact -principles. 
Typical examples of these are illustrated by Figs. 3 
and 5, which show a teleprinter position equipped 
with alarm, automatic calling and motor start 
facilities, and a head office teleprinter connected to 
two distant stations, respectively.
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An Anti-Sidetone CoiB for Local Battery Circuits

It has been found by experiment that the amount 
of sidetone which obtains at present with almost all 
telephones can be considerably reduced with increase 
in comfort to the user, and improvement in trans - 
mission. The speaker using an instrument with re - 
duced sidetone will tend to speak louder, so that 
transmission from his end of the circuit is improved; 
also, if there should be noise in the room at his end, 
this noise, not being transmitted so loudly via the 
sidetone path to his receiver, will not interfere so 
much with his reception.

The instruments hitherto used for local battery 
working have in general a much greater level of 
sidetone than the standard central battery instrument 
using a Telephone No. 162. For instance, a Tele - 
phone No. 164 with a local battery Bell Set No. 21 
and three new cells has about 10 db. more sidetone 
than a Telephone No. 162 with a Q.B. Bell Set No. 1 
on a 300-ohm local line.

For these reasons, a new induction coil with anti
sidetone properties has been developed in the Re - 
search Section. It has been found difficult to meet 
the requirements of high transmission efficiency and 
low sidetone combined with low loop resistance at the 
line terminals. The last requirement is necessary in 
order that signalling conditions shall not limit the 
length of line on which the telephone may be used. 
To overcome these difficulties it has been necessary 
to provide two coils each on a closed iron core. The 
coils are mounted side by side on the same stamp
ings, which are so shaped that the coupling between 
the coils is reduced to a negligible amount. In this 
manner it has been possible to reduce the overall size 
of the two coils sufficiently to enable them to be fitted 
into standard apparatus.

The transmission efficiency compares favourably 
with that of a Bell Set No. 21 and the sidetone lev! 
is about 7 db. less.
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E.H.T. Switchgear with Automatic 
Change-over Device L. E. WILLIAMS, b.sc„ a.m.i.e.e.

THE E.H.T. supply to King Edward Building 
is taken from two compames—the City of 
London Electric Lighting Company and the 

Charing Cross Electricity Supply Company. The 
incoming supply is alternating current, 3-phase, 50 
cycles at 10,500 volts. The voltage is reduced in the 
Companies’ sub-station to 6,600 at which pressure it 

Fig. 1.—Oontrol Panel.

teries or by means of the motor convertors at G.P.O. 
West running inverted from the batteries so as to 
maintain the E.H.T. supply to the remaining sub
stations except those supplying the Post Office Rail
way. Under this scheme considerable delay occurred 
before the main supply was again restored and it 
was decided to install new switchgear with automatic 

change-over device in the King Edward 
Building sub-station, the load being 
divided between the two companies. In 
the event of a failure of one supply, that 
portion of the load is automatically 
changed over to the other supply after 
a predetermined interval.
Description of Switchgear.

The new switchgear is of the metal
clad, compound-filled type, manufac
tured by Messrs. A. Reyrolle & Com
pany.

The fixed portion consists of the bus 
bar chamber and the current trans - 
former chamber. The conductors, 
which are insulated with empire cloth 
to withstand the full working pressure, 
are mounted on insulators and run in 
solid with compound. Each chamber 
is provided with three orifice insulators 
with sockets so arranged as to pre
vent acccdei'ital contact with live con - 
ductors.

is distributed to the various Post Ollice 
sub-stations. Feeders are run direct 
from King Edward Building to all the 
sub-stations except the Western Parcel 
Office and the West Central District 
Ollice which are fed from the Mount 
Pleasant bus bars.

A photograph of the control panels 
for the supply incoming from the City 
of London Elecric Lighting Company, 
and for the outgoing cables to feeder 
sections is reproduced in Fig. l, whilst 
a photograph of the feeder section at 
Mount Pleasant appears in Fig. 2.

When the Post Office Power Station 
at Blackfriars was closed down, the 
whole supply was taken from each 
Company every alternate month. 
When a failure of supply occurred 
some of the more important services 
such as lighting and conveyors were 
maintained ether direct from the bat-

Fio. 2.—Mount Pleasant Feeder Section.

vol. XXVII. 225o



:CaHeTr=nch.

Fig. 3.—Tppical Reyrolle Circuit Breaker Panel.

The removeable portion consists of the potential 
transformer (where required) and the oil-immersed 
circuit breaker with operating mechanism. The 

circuit breaker is provided with a racking device for 
plugging in and out, and when it is withdrawn the 
feeder is isolated from the live bus bars. The with
drawal. of’ the circuit breaker also closes doors over 
the orifices in the bus bar and transformer chambers.

The breildng capacity of each circuit breaker is 
150,000 K.T.A.

Interlocks are provider] to prevent the following 
operations :—

(a) The plugging-in or withdrawal of the circuit 
breaker when closed.

(b) The closing of the circuit breaker when not 
plugged-in.

(c) The removal of the oil tank before the circuit 
breaker is isolated.

Fig. 3 shows a typical Reyrolle circuit breaker 
panri.
Arrangement of Switchgear.

The 6600-volt supplies are led into separate sets 
of bus bars situated at opposite ends of the sub
station.

The arrangement is shown diagrammatically in 
Fig. 4. A and Ai are the control panels for the in
coming supplies and B, C, D, Bi C and D1 the 
control• panels for the outgoing supply cables to the 
Feeder Sections.

The circuit breakers controlling the two supplies on 
each feeder section are mechamcaHy and reclrically 
interlocked so that one only can be closed at one 
time. They are provided with operating mechanism
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Change-over Scheme.

and discriminating time relays so that in the event 
of a failure of the supply one circuit breaker will open 
and the other will close automatically. If a failure 
of supply occurs, the synchronous machines at 
G.P.O. West and Mount Pleasant: sub-stations are 
tripped on the E.H.T. side by means of reverse 
current relays in the D.C. bus bars and those at 
Liverpool Street and Western Parcel Office by means 
of 11 No-Volt ” trips. To allow for the possible 
failure of these trips to work, which would neces
sitate the E.H.T. circuit breakers of the machines 
being operated by hand, the automatic change-over 
circuit breakers on Sections 1 and 3 have a time lag 
of 60 seconds. As no synchronous machines are con
nected to-Sertmn 2, the time lag is adjustable from 
one to ten seconds. ■ .

Fig. 5 shows the diagram of the automatic change
over scheme. -

An indicating lamp board and alarms have been 
installed at G.P.O. West. A lamp on the board 
lights when its associated circuit breaker at King 
Edward Building is in the open' position.
Metering Equipment.

The E.H.T. supply is paid for on the basis O 
kilovolt ampere-hours .with further p^ment or re - 
bate due to the varying price of fuel; also during the 
months of December; January and February there is 
an additional charge per k.V.A. of maximum deTand 

in excess of 2800 k.V.A. if this occurs between the 
hours of 9 a.m. and 5 p.m.

The Supply Companies’ meters conssst of two 
"‘ Trivectors ” and one ” Summation Meter with 
Maxigraph.” The “ Tri vector ” consists of a cosine 
meter (kilowatt hour meter) and a sine meter (re
active component meter) coupled together by a 
system of gearing in such a manner that a true 
integration of kilovolt ampere hours is obtained at 
all power factors. A maximum demand indicator, 
which gives the texItut mean load in K.V.A. 
averaged over a definite time period, is also embodied 
in the Trivector.

The “ Summation Meter and Maxigraph ” sum - 
mates the total numbee of kilovolt ampere hours 
that are registered on the Supply Companies’ two 
Trivectors. It also indicates the arithmetic sum of 
the maximum demand on the two companies in the 
same half hour, and records graphically this value 
during each resetting period.

Check meters of similar type have been installed 
by the Department.

The switchgear, cabling, etc., were installed to the 
Department’s specification by the City of London 
Electric Lighting Company and the work of chang
ing over from the old gear to the new was carried 
out without interruption of supply. Exhaustive 
pressure tests, were carrird.out during the progress 
of the work.
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A New Electric Mails Lift A. E PENNEY

AT Branch Offices where large volumes of 
posted items are received it is usual for 
chutes to be provided from the letter-posting- 

apertures and the parcel-accepting point at the

counter to the basement where the letters and parcels 
are bagged. The bags then have to be brought: up 
again to the street level for despatch by motor van. 
At teveral offices in the London area hydraulic lifts
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Fig. 1.—Detail of Electric Mails Lift.

purpose and prove very effective as they are simple 
in operation and their initial cost and maintenance 
charges are low. In two cases, howeverr no 
hydraulic power -was available and consideration was 
given to other methods of raising the mail bags, 
such as, for example, electric lifts, elevators, or 
conveyors. The two latter were ruled out as it was 
found impossible to arrange for them to discharge 
other than direct on to the public footpath and this 
is, of course, out of the question in a busy thorough
fare. A conventional eleccric lift with overhead 
sheaves and balance-weight could not be installed

228



' rmcmaa a 
a - Auiw swarm mvmcnm
umwc- Ar.tti.E/a/rTm’s (oNaArroRu

Fig. 2, —Wiring Dagram.

in either case foc the following reasons. The upper 
part of the lift well, which is concealed in a bulkherd 
in the Public Office, had to be of the smallest possible 
dimensions and even a few inches over-travel, which 
in the ordinary way is essential to prevent damage 
in the event of the brakes failing to operate normally, 
could not be obtained. The restricted space would 
also have necessitated the use of a number of 
diverting sheaves to carry the lift copes and the life 
of the copes would then have been very short owing 
to the large amount of bending to which they would 
have been subjected during every journey.

When the first case was put to the London 
Engineering District tenders were invited and lift 
makers were asked to put forward their own designs 
and some interesting schemes were submitted. The 
design finally accepted was that of Messrs. The 
Hoisting Appliance Co., Ltd., who installed the first 
lift at Hatton Garden Branch Office. Following 
the experience gained with this installation, a 
simplified dessgn was adopted foc Sloane Square 
Branch Office where the second lift has been installed 
by the same firm. The photographs 
are of the second lift and the following 
is a brief description of it..

Referring to Fig. l, “ A ” is the 
driving motor supported on channel 
strer girders which also serve to brace 
the lift structure to the wall of the 
building. The motor shaft is extended 
at either end of the motor and carries 
a brake drum and also a handwheel to 
enable the gear to be turned by hand in 
an emergency. The shaft is coupled 
through two worm reduction gears, one 
of which is shown at, “ B ” in the 
figure, to two bevd gears “ C.” The 
final bevel gear shafts, which have a 
common centre line, carry on their 
ends overhanging the lift-well, chain 
sprockets “ D ” which support and 
drive the two chains “ E.” These 
chains ace of the bicycle type, but of 
a much heavier pattern. The idle 
sprockets “ F ” serve to keep the 
chains vertical. The motor is not ce- 
versible and the two chains move in one 

direction only in step with one another.
The shaft “ G ” is attached at each 

end to a chan by the two connecting 
pins shown in Fig. l(d). These con~ 
necting pins replace two consecutive 
chan rivets. Thus, if the motor is 
running, the shaft “ G ” in end eleva
tion follows the path of a link of a 
chain, the shaft always remaining 
horizontal and parallel to the sprocket
shafts. The transverse slot in each 
end of “ G ” is essential to enable it 
to pass round the sprockets “ D ” and 
“ F.” A roller “ H ’’ (Fig. 1(c) ) is 
mounted on each end of the shaft 
“ G ” and is free to rotate on it. The 
side members “ J ” of the frame of the 

lift cage rest on the rollers and the latter therefore 
transmit the weight of the cage and its load to the 
shaft “G” and consequently to the lifting chains 
(‘E.”

As the shaft passes round the sprocket at each end 
of the lift’s travel, the rollers “ H ” move at the 
ssame time along‘the tracks “ J,” a distance approxi
mately equal to the pitch diameter of a sprocket. It 
will be seen therefore from Fig. l(b) that the thrust 
between the cage and the rollers is out of centre 
both when raising and lowering, but this is not 

• important as the cage is adequately guided and the 
rccentticity of the thrust is relatively smaU.

The “ floor hitting ” of this type of lift is 
extremely good. This is, of course, due to the fact 
that although the shaft may stop a few inches from 
the dead centre of the top or bottom sprockets the 
difference in levee between the cage and landing is 
smaU.

As the cage is not balanced, its weight is kept 
down to a minimum. The sides consist of wire mesh 
panels in angle iron frames and there is no back or

Fig. 3.—Lower Entrance to Lift.
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front. To prevent articles which maa' have been 
loadee in such a manner as to overhann the edge of 
the cage, being caught up -during the travel of the 
lift, the back and front of the well are 
finished smooth.

An ordinary collapsible steel gate 
6’ 6" high and 4’ 0” wide is fitted 
at the lower opening, but at the 
street level there is a gate which opens 
like a portcullis collapsing into a space 
of a few inches above the upper open
ing. The lower gate is mechamcally 
and electrically interlocked with the 
movement of the cage, but tn the case 
of the upper gate the sides of the cage 
pressing against beaks attached to the 
gate open and close it as the cage 
approaches and leaves the upper land
ing. A pair of wooden doors outside 
the upper collapsible gate provide pro
tection from the weather, etc., but 
these doors are not interlocked in any 
way with the lift.

The wiring diagram in shown m Fig. 
2 and it'will be seen from this that the 
controls are very simple. This is due 
in a large measure to the motor having 

no reversing gear. This is no disadvantage as the 
occasions on which it is desired to recall the lift 
after it has moved away from a landing should be 
very few. The “ Up ” and “ Down ” push buttons 
are therefore starting buttons which are switched 
into and out of circuit by two travel switches in the 
well. The cage opens one of these switches -as it 
arrives at a landing and allows it to close when it 
leaves, the actual movement of the switch mechanism 
being performed by a ramp attached to the cage. 
Assuming the cage is at the lower landing, the 
bottom travel switch is open and the “ Down ” 
buttons are therefore inoperative. The operation 
of an “ Up ” button, however, closes a circuit 
through the brake solenoid and main contactor 
“ A.” When the button is released the “ Up ” 
holding coil maintains the circuit until the lift 
arrives at the upper landing when the cage ' ramp 
opens the top travel switch and stops the lift. The 
bottom travel switch closes as soon as the lift leaves 
the lower landing and the lift is therefore ready for 
a journey in the downward direction.

The supply to, the lift is 400 volts A.C. 3 phase 
50 c.p.s., but to avoid having the controller on 
alternating current a metal rectifier is installed and 
the control circuits and brake are supplied with direct 
current at 180 volts.

The photographs (Figs. 3, 4, and 5) show the 
lower entrance to the lift, a view from the footpath 
with the cage approaching the landing, and a general 
view of the Public Office. This 'view'indicates how 
successfuHy the lift has been conceelee in the bulk
head under the window. ,

Fig. 5.—Interior of Public Office.
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Note on the Singing Point
of Two-Wire Repeaters H. J. JOSEPHS

WHERE two long distance telephone lines are 
connected by the usual type of two-wire 
repeater, a state of perfect balance would 

exist at the repeater if the two lines and their 
associated apparatus could be made identically alike, 
and there would be no tendency for the repeater to 
ring. As a result: of random manufacturing varia
tions, however, perfect balance is unattainable, and 
thus the amplification obtained from the repeater is 
limited by the production of reflected currents and 
ringing. A statistical examination of the inductance 
of large numbers of loading coils and of the par 
capacities in many drums of cable,, shows that the 
deviations of these elements from their, nominal 
values, follow Gauss’s “ norma ” law for the dis
tribution of errors. It follows, therefore, that by 
applying the methods of two-dimensional probability 
to steady-state transmission theory, it will be possible 
to calculate what restrictions must be placed on the 
manufaccurmg deviations of the elements, to ensure 
that a given transmission characteristic will have a 
preassigned probabiilty of bring within a specified 
range. The mathematical theory involved in the 
application of two-dimensional probabiiity to A.C. 
transmission systems and networks has been worked 

out by R. S. Hoyt, and is discussed in his paper, 
“‘ Probability Theory and Telephone Transmission 
Engineering,” which appeared in the “ Bell System 
Technical Journal ” for January, 191313. This note is 
concerned with a specific application of Hoyt’s 
theory, namely, to determine the limits that must be 
placed on the inductance and caparity deviations of 
20 Ib.coil loaded telephone lines with the coils spaced 
at 2000 yard intervals, to ensure that the singing 
point: of a two-wire' repeater will fall between known 
limits.

Fig. 1 contains a set of six curves shoovjng the 
probabiiity ranges for the circuits in a 44 mH., coil 
loaded telephone cable. The vertical scale gives the 
singing point of a repeater in decibels, whilst the 
horizonta! scale expresses the (R.M.S.) loading coil 
inductance deviations. Because the distribution of 
deviations is “ normal” the representative deviation 
is taken as the square root of the mean of the squares 
of the deviations, (R.M.S., deviations), i.e.,

d2 +d\ + d2a+ + 2R.M.S. deviation
-V n

The probabihty curves in Fig. 1 have been drawn 
for six frequencies from 500 to 4000 cycles per 

Fig 1.
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second, i.e., from 500 cycles to approximately 0.75 of 
the cut-off frequency. The probabihty zone for a 
particular frequency is the area included between the 
curves marked (D and @ respectively. The curves 
marked (D have been calculated for the case of a 
R.M.S. capacity deviation of O.5%, whilst the curves 
marked @ have been drawn for the case of a R.M.S. 
capaccty deviation of 1.0%. In practice most 

177 mH., coil loaded lines are given in Figs. 2, 3 
and 4 respectively.

To unde-stand more clearly the meaning of the 
curves, imagine that a large number of coil loaded 
20 1b. circuits are to be built with a predetermined 
singing point at a particular frequency. Then the 
curves may be used to determine the permissible 
deviation of inductance and capacfty, so that 90%

Fig. 3. Fig. 4.

ccpccity deviations will be found to fall between these 
limits, and in any particular case, the singing point 
may be determined by taking a proportional part of 
the ordinate range (0.5 to 1.0) enclosed by the limit - 
ing curves 6) and ©, at the inductance deviation 
considered.

The probabiilty ranges for 88 mH., 120 mH., and 

of the circuits may be expected to have a singing 
point somewhat greater, and 10% of the circuits a 
singing point somewhat less, than the predetermined 
value. Thus the curves may be used to determine 
what restrictions- must be placed on the deviations 
of the elements, so that the ringing point of a two- 
wire repeater will have a given probabiilty of being 
within spatified limits.

Book Review
“ Wireless for the Man in the Moon.’” By Coulombus 

and Decibel US'!, 128 pages. Price 2/6. Published by 
George Newnes.

The authors, both of whom are well known contribu
tors to World Radio, describe this book as “ intended 
primarily for the Man-in-the-Moon ” and as “ perhaps a 
text-book or a fairy tale.” The publishers admit that it 
is perhaps nitheir. Naturally they hope it will be read by 
the Man in the Street.

This exposition of how Wreefess ready works will pro - 
vidc an amusing relief for both student and expert and 
will be apprcciatccl by the “ Wirefess Fain” his wife and 
children.

Wirefess is heated from an entirely original vfew point 
and if at M. conchusion the reader knows little about 
atoms and electrons hc will certainly know all about 
ducks and ducklings.

A.W.
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Notes and Comments
The British Standards Institution

| 1 x EADERS will be interested to hear that, at
Lx the Annual General Meeting of the British 

Standards Institution held on 13th July, 193'4, 
Col. Sir T. F. Purves, O.B.E., was elected to a seat 
on the General Council. Sir Thomas, now Manag
ing Director of United Telephone Cables, Ltd., was 
Engineer-in-Chief to the Post Office until his retire
ment on 30th November, 1932.

Management Courses for Executives
Advance information has reached us to the effect 

that at the beginning of November next, Lough - 
borough College will inaugurate a series of intensive 
management courses under the whole-time direction 
of Mr. E. T. Elbourne, M.B.E., F.I.I.A., the well 
known exponent of management training’. This 
marks an important development in placing at the 
disposal of industry the means whereby executives 
or prospective executives can be sp'erially trained or 
“ refreshed ” in particular functional aspects of 
modern management practice on lines comparable 
with Army courses in signalling, the Engineer-in- 
Chief’s Training School, etc.

Loughborough College is a large residential 
college with a complete range of productive engineer
ing workshops. These conditions in combination 
are unique in this country, and make possible the 
attainment of a high standard of efficiency in the ten 
days allotted to each course. Particular emphasis 
will be placed on demonstrations of the best British 

practice brought together from various industries. 
Lectures will follow in the main the sectional sylla
buses of the Institute of Industrial Administration’s 
Diploma, and subscribers to any course may, on 
completion, sit for the Institute’s examination accord
ingly. The courses as planned are as follows :—

(1 The Management Function.
(2) Office Organization and Method.
(3) Prrsomtrl Administration and Incentives.
(4) Drawing Office Practice and Quality Con

trol.
(5 Process Planning and Progress Control.
(6) Estimating and Ratefixing.
(7) Industrial Accounts and Costing.
(8) Sperification, Purchasing and Tendering.
(9 Sales Organization and Service.

(10) Budgetary and Higher Control.
(11) Factory Lay-out and Equipment.

Each of the eleven courses is complete in itself, and 
any one may be taken mdependentiy. The treatment 
in each will be consistently directed to show the inter
relation of particular functions with one another and 
with the whole problem of management', as focussed 
in Course No. 1.

The tuition fee for any ten-day course is five 
guineas, including the loan of books and demon
stration materials. Board residence at the College, 
with its many amenttirs, works out at half-a-guinea 
per day, i.e., five guineas for the ten-day period. 
Inquiries should be addressed to the Registrar, 
Loughborough College, Loughborough, Leics.

The Institution of Post Office Electrical Engineers
INSTITUTION PAPERS.

Institution Papers, of which synopses are given below, 
have been added to the Library and are available on loan 
to members.

" Telephone Trafic in Automatic Exchangec.”—IF. M. 
McDougald.

A paper giving a comparison of manual and auto ex - 
change problems, definition of traffic unit and representa
tions, and dealing with grade of service, nature of traffic, 
full and limited availabiiity conditions, methods of inter
connecting and principles of grading construction, com - 
parison of theoretical and actual traffic carried, cablîng 
and terminal assembles, traffic meters and traffic records.

"Awards Under Workmen’s Compensation- Arts and 
Injury Warrants.”—Chas. H. Barrett.

This paper deals with the statutory provisions relating 
to compensation to workmen for personal injuries suffered 
in the course of their employment the legal liability of 
the employer in cases of industrial diseases; references to 
leg! derisions; the causation of industrial acAdeMs; 
third party acccdenns; and Dtpartmtnllal procedure. The 

paper also contains i-foroaiio- in regard to awards to 
Civil Servants under the Injury Warrants.

“ Cable and Cable Pair Distribution.”—Capt. W.
Cowburn.

This pape- advocates the liberal provision of ducts, 
suggests alterations in dnsijgn, ventilating and lighting of 
manhole and lay-out of cables in same; the adoption of 
Cable Distribution areas, centralized jointing points at 
selecind manholes; the introduction of distributing centres 
in :

(a) rooms in Post Offices or other building's,
(b) tpecially erected buildings,
(a) tpecially constructed distribution chambers, 

and illustrates the proposal by means of a speccfic 
example.

" Labour Cooss.”—H. “V. PoweH.
A paper dealing with observations made on works in 

Post Office Engineering Sections, with speccal reference 
to costs, and the extent to which they are affected by the 
use of transport and serial took, and tte nm|ploymett 
of Installation Groups.
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RECENT ADDITIONS TO THE INSTITUTION 
LIBRARY.

1058 Reduction of noise in buildings : recommendations 
to architeeCs.—Dept. of Scientific & Industrial 
Research. (1934, Brit.).

1059 The physical principles of rlecCriciiy and mag
netism.— R. W. Pohl. (1930, Cont.).

1060 Automatic street traffic signalling. — H. H. 
Harrison and T. P. Priest. (1934, Brit).

1061 Modern electric clocks.—S. F. Philpott. (1934, 
Britt).

1062 The world of modern S.Crecr.—L. Infield. (1934, 
Brit..

1063 Design of aliernating-kurrent machines.—K. Aston. 
(1934, Brit..

1064 Theory of machines.—L. Toft and A. T. J. 
Kersey. (1932, Britt).

1065 Loud speakeer: theory, performance, testing and 
desigg.—N. W. McLachlan. (1934, Brit).

1066 An elementary course of infinitesimal calculas.— 
Sir Horace Lamb. (1934, Britt).

1067 Magnetism and slscirikiiy for beginnere.—H. E. 
Hadley. (1929, Brit).

1068 Alternating currents.—L. T. Agger. (1934, Britt).
1069 Elementary practical mathemaSics.—E. W. Golding 

and H. S. Green. (1934, Britt).

1071 Telephony theory and practice: manual switching 
and sub-station equipment.— K. B. Miller. (1933, 
Amer.).

1072 Telephony theory and practice: automatic switch
ing and auxiliary equipment.—K. B. Miller. 
(1933, Amer.).

1073 Fundamentals of industrial admmistralion.—E. T. 
Elbourne. (1934, Brit.).

NorthEWestern Centre
PROGRAM M E—SESSION 1934-35.' 

1934.
Oct. “ Some Notes on Radio Developments and the 

Interference Problem.”
W. C. Ward, B.Sc. (Eng.). 

Nov. “ Faults—mainly InternaL” J. G. Robinson. 
Dec. “ Some Engineering Workshop Processee.” ,, 

H. R. Brown. 
191315.

Jan. 11 Research in the British Post Office.’”
B. S. Cohen, O.B.E. (E.-in-CO.). 

12 Feb. “ The Provision and Maintenance of Repeatered 
and Amplified Circuíts.”

A. T. J. Beard (E.-in-C.O.). 
Mar. “ Reinforced Concrete Work.” H. J. Allies.

Junior Section Notes
London Centre

A spirit of expectant optimism pervades the Committee. 
The Summer months have been busy ones, but they have 
resulted in the accompanying programme together with 
a reorganization which is already showing results in an 
inkreasing and more virile membersshp.

PROGRAMME 1934-5.
City Area.

Oct. 9. Tue. Farm St. Commentary by D. Wadeson. 
An evenmg of films on many subjects.

Nov. 9. Fri. Holborn. J. A. Stretton. An outline of 
Telephone Transmission.

Dec. 7. Farm St. R. W. Palmer, A.M.I.E.E. The Story 
of the Standard Relay.

Jan. 11. Fri. Holborn. “V. Bocock, A.M.I.E.E. Cable 
Testing and Localization of Faults.

Feb. 15. Fri. Farm St. H. T. Buss and D. P. Stageman. 
Teleprinters No. 3A and their sssocisted V.F. Equip
ment.

Mar. 20. Wed. Holborn. J. N. Hill A.M.I.E.E.. The 
Growth of 3 Telephres System, the Factors governing 
the advance provision of External and Ieiereal Plant.

Apr. 24. Wed. Holborn. D. E. Wadeson. The Latest 
Developments in Two Motion Selectors.

Centre Area.
Oct. 10. Wed. Monument. Commentary by J. Stretton. 

An evening of Films on many subjects.
Nov. 2. Fri. Circuit Lab. Debate, Leaders: D. Wadeson 

and J. Stretton. That the Introduction of Automatic 
Switching Plant koestiiuirs a practical advance over 
all previous Systems of Telephonic Communication.

Dec. 11. Tue. ¡Mount Pleasant. H. M. Yells. a Modern 
Power Station, its Running and Control.

Jan. 3. Thu. Faraday Building. R. W. Palmer, A.M.I.E.E. 
The Story of the Standard Relay.

Feb. 8. Fri. Hop. H. M. Yells. The How and Why of 
a Wireless Set.

Mar. 8. Fri. Metropolitan. W. B. Lisle and “V. J.
Dibsdall. The Telex Service and its sssociaird 
Private Wire Equipment.

Apr. 5. Frr. Circuit Laboratory. WA Bocock, A.M.I.E.E. 
Cable Testing and Localization of Faults. .

West Area.
Oct. 8. Mon. Kensington. Commentary by D. Wadeson. 

An evening of Films on many subjects.
Nov. 2. Fri. Flaxman. R. W. Palmer, A.M.I.E.E. The 

Story of the Standard Relay.
Dec. 4. Tue. Bayswater. H. M. Yells. A Chat on 

Television. "
Jan. 9. Wed. Acorn. T. D. Juden. External Construc

tion, Difficulties encountered and overcome.
Feb. 8. Fri. Acorn. P. R. Gerry. The Subscribers’

Group Service.
Mar. 22. Fri. Hounslow. J. A. Stretton. Cables, Cabling 

and Jointing. (Illustrated by a Film).
Apr. 110. Wed. Sloane. Debate, Leaders: J. L. W. Morgan 

and R. C. W. Walker. That the Introduction of 
Automatic Switching Plant constitutes a Practical 
Advance over all previous Systems of Telephonic Com
munication.

South East area. .
Oct. 12. Fri. Denman Street. Commentary by D. WADE5ON. 

An evening of Films on many subjects.
Nov. 1(3. Fri. Tulse Hill. W. BrkrkK, A.M.I.E.E. Cable 

Testing and Localization of Faults.
Dec. 14. Fri. Bexley Heath. P. R. Gerri.'. Subscribers’ 

Group Service.
Jan. 18. Fri. Hithe-green. J. A. Stretton. An Outline of 

Telsphres Transmission.
Feb. 13. Wed. Beckenham. H. M. Yells. a Tour of a 

Contractor's Factory.
Mar. 29. Fri. Rodney. T. D. Juden. External Construc- 

iire, Difficulties encountered and overcome.
Apr. 29. Mon. Brixton. D. Wadeson. The latest develop

ments in Two Motion Selectors.

South West area.
Oct. 15. Mon. Battersea. Commentary by D. WadEsoN. 

An evenmg of Films on many subjects.
Nov. 23. Fri. Fairfield. R. W. Palmer, A.M.I.E.E. ‘ The 

Story of the Standard Relay.
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Dec. 7. Fri. Elmbridge. W. Bocock, A.M.I.E.E. Cable 
» Testing and Localization of Faults.

Jan. 23. Wed. Putney. P. R. Gerri’. Subscribers' Group 
Service.

Feb. 1. Fri. Battersea. J. A. Stretton. An Outline of 
Telephone Taansmission.

Mar.. 1. Fri. Liberty. H. M. Yells. A Chat on Tele- 
_ vision.

Apr. 3. Wed. Wandsworth (North Side). R. T. Robinson. 
Motor Transport and its Part in Telephone Engineer
ing.

North West Area.
Oct. 16. Tue. Hampstead. Commentary by D. Wadeson. 

An evening of Films on many subjects.
Nov. 14. Wed. Winesden. H. T. Buss and'D.-p.SAAOE- 

man. Teleprinters No. 3A and their associated V.F. 
Equipment.

Dec. 5. Wed. Arnold. J. A. Stretton. Cables, Cabling 
and Jointing. (Illustrated by a film).

Jan.,25. Fri.. Primrose. H. M. Yells. A Modern Power 
’ " ‘Station', its Running and Control.

Feb; 22. Fri. Hampstead. . R. “V. Palmer, A.M.I.E.E. The 
Story of the Standard Relay.

Mar. 29. Fri. Maida Vale.. H. M. Yells'. A Tour of a 
: " Contractor’s Factory.

Apr. 110. Wed. Gladstone. J. N. Hill, A.M.I.E.E. The 
Growth of a Telephone System, the factors governing 
the-advance provision of External and Internal Plant.

North East Area.

Oct. 17. Wed., Leytonstone.' Commentary by D. Wadeson. 
An evening of Films on many subjects.

Nov. 7. Wed. Ilford. J. A. Stretton. An Outline 'of 
Telephone Transmission.

Dec. 12. W’ed. Advance. J. N. Hill, A.M.I.E.E. The 
Growth of a Telephone System, the factors governing 
the advance provision of External and Internal Plant.

Jan. 16. \Ved. Cannonbury. P. R. Gerry. The Sub
scribers’ Group Service.

Feb. 22. Fri. Grangewood (New). T, D. Juden. External 
Construction, Difficulties encountered and overcome.

Mar. 13. ' Wed. Bowes Park., Debate, Leaders: J. L. “7 
Morgan and R. C. “7. Walker. That the introduc
tion of Auto Switching Plant constitutes a practical 
advance over all previous systems of Telephonic Com
munication

Apr. 12. Fri. Stamford Hill. H. M. Yells. A Chat on 
Television.

Annual General Meeting.

May 17. Eri. Denman Street. Subject and Speaker to be 
announced later;

Visits. . .
Oct. 13. Sat. Croydon Air Port.
Nov. 24. Sat. Dollis Hill Research Station.
Not yet fixed. National Physical Laboratory.

Gloucester Centre
On Friday, June 22nd, 1934, a large 'gathering of 

members met in Gloucester to show their appreciation of 
the- services rendered by the - Branch Officers ' of last 
session. A group photograph of the-Local-Centre had 
been taken some weeks previoussy, and it had been agreed 
that a framed copy be presented to each retiring officer.

“7. Day, M.I.E.E.—who was leaving the Section on pro
motion- to the Engineer-in-Chief’s Office. Other Branch 
members expressed their thanks to the retiring officers, 
and it -was very evident from these commentaries that the 
work done by the officials was fully appreciated.

The Superintending Engineer then made the presenta
tions. His references, particularly to Mr. Day, were

Members of the Gloucester Centre.

We were honoured by the presence of our Superintend
ing Engineer-— Mr. H. S. Thompson, M.I.E.E.—whip had 
very kindly consented to make the presentations. - The 
Chairman—Mr. F. W. Gill—after welcoming Mr. Thomp
son, made pleasing remarks about each officer and 
especiaily spoke sincerely of the retiring Chairmaa—Mr. 

marked by touches of humour and sincerity and were 
appreciated on every hand. Each recipient suitably re - 
plied, and it was very gratifying to the membership to 
know that all had taken pleasure in the work they had 
done-for the Branch.

Mr. Thompson was then asked if-hr would. accept a
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photograph from the Branch as a memento of the occa
sion. This he did, and expressed his appreciation amid 
loud applause.

A vote of thanks was expressed to Mr. Thompson by 
the Vice-Chairman (Mr. A. J. Hodgson), seconded by Mr. 
J. A. ChisweH, and a very enjoyable meeting was thus 
brought to a close.

The forthcoming session will soon be in full swing, and 
there is promise of another interesting series of papers for 
already quite a number of members have offered papers.

A visit to a Radio Station is bring arranged to take 
place in the near future. This trip will take the form of 
a combined educational and serial outing.

Cambridge Centre
The Committee thank those members who have pro

mised to read papers during the ensuing sessson.
The subjects chosen cover a wide range, including 

Television ; Telephone Transmission; Call Timing De
vices; Fault Control; Radio Interference Suppression; 
Graphical Statistics; Overhead Construction.

A good sign for the future is the interest taken by 
younger members who are contributing towards the pro
grammes and aasisting in the management of the Branch.

We are glad to record a further increase in the member
ship: There are now 48 members on the books.

There is reason to believe that the sessson 19134-35 will 
be as successsul as 1933-34, when six papers read before 
the membership were considered by the Committee under 
the prize scheme. We were very gratified to receive the 
commendation of the Superintending Engine- and Com
mittee of the parent body in connexion with these papers.

During the summer a visit was made to the Port- Office 

Tube Railway, by kind permission ri the Controller, 
London Postal Service.

Edinburgh, Dundee and Aberdeen Centres
The number of offers of papers for the ensuing sessson 

is very satisfactory and no difficulty is being experienced 
in the preparation of programmes. The subjects cover a 
wide field and it is felt that the standard of excellence 
reached during the past sesssons will be more than main
tained. Visits to places of interest will again be a sperial 
feature of our activities on account of their educational 
value.

The Edinburgh Centre has derided to award £1 ls. 0d. 
to the reader of the best paper which does not receive a 
prize from the Counril of the I.P.O.E.E.

Bury St. Edmunds Centre
The forthcoming sessson of the Bury St. Edmunds 

Junior Centre is looked forward to with interest. A 
number of papers have been promised, including Unit 
Auto No. 6, by Mr. E. P. Shetbourne; The Daily Routine 
of a Lineman, by Mr. A. K. Giddings; and Teleprinter
No. 3A, by Mr. F. N. ShUdrick,- with “ subjects later ” 
from Messrs. R. G. W. King and E. Turner.

Membfship has now increased to nineteen. Whilst 
this is very pleasmg, there is ample room for improve
ment, a number of our external staff not having yet 
grasped the advantages of brionging to the sorieey.

A Junior Library has been inaugurated from which an 
abundance of technical literature may be borrowed free 
of charge. This, with the generous opportunity presented 
by the Senior Institution’s Library, makes the member
ship of those who are keen to further their interests in 
the drily work, very advantageous.

Book Review
“ Modern Acoustics.” By A. H. Davis, D.Sc. G. Bell 

and Sons, Ltd., London. Price 26/- net.

Although Acoustics is generaUy regarded as a highly 
sperialized study, it has in fact many ramifications and it 
touches the modern sorial structure at many different 
points. The subject offers scope to both the theorist and 
the empiricist, and it is difficult for one individual to avoid 
bias towards one or another of its different branches. 
The entire absence of such bias and the authority which 
one associates with the National Physicaa Laboratory are 
alone sufficient to mark the publication of 11 Modern 
Acoustics ” as an event of some importance. I confess. 
however, to a wish that the author had somewhat relaxed 
his impartial attitude and given us the benefit of more 
of his personal comment and oppnion.

The mathematical theory of sound, which is so 
important to a proper understanding of the subject, is 
inserted unobtrusiv^y, mostly in the form of summaries 
of formulae and conclusions, supported by appropriate 
references to the classical literature. In many cases, and 
particularly where impedance methods are used, the line 
of argument by which conclusions are reached is also 
indicated. For the rest the book deals with the practice 
aand appalalusi—from transformers to aucdiooiums— 
associated with all branches of acoustics, and with the 
work of investigators in this field, among whom Dr. Davis 
is himsrif an eminent contributor. Nor are the works 
of the earlier experimenters neglected; the justification 
for the word “ Modern ” in the title lies in the fact that, 

in the realm of applied acoustics, they now constitute so 
very smaH a minority.

A summary of the contents of the. book would occupy 
too much space for this review. It is difficult to think of 
anything pertaining to acoustics which does not receive at 
least mention or reference. There is even a chapter 
devoted to eleccrical apparatus, and summaries of useful 
mathematical formufe and etecirical data are inseirted as 
appendices. By means of an excellent index the reader 
can readily find his way to whatever interests him and 
read on, without reference to what goes before. Thus the 
arrangement of the subject matter and the grouping of 
the chapters are of little consequence.

in the matter of units Dr. Davis introduces two ideas 
which deserve the serious attention of telephone engineers. 
The name “ phon ” is suggested as a unit of noise—as is 
now the German practice, and the names “ brig ” and 
“ deribrig ” are suggested for a system of logarithmic 
units, analogous to the bel and deribe, but relating to 
numbers only and not necetsariiy to the magnitudes of 
powers. It seems to me that there is a place for this 
terminology in telephone engineering; do we not, for 
example, use voltmeters (“ volume indicators ”) for 
measuring watts—choosing to misuse our voltmeters 
rather than our dtcibtla.

The text of the book is contained in 334 pages and 
there are more than 100 illustrations including some 
excehent photographic reproductions. A more important 
indication of size is the fact that Dr. Davis has the gift 
of clear exprtsaion combined with economy of words.

W.W.
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DctticC tNotet
London Engineering District

MILEAGE STATISTICS.
During the three months ended June 30th, 1934, the 

following changes occurred :—
Telephone Exchangee— Nett increase in overhead and 

underground respectively of 574 and 11,685 miles.
Telephone Trunks.-—Nett decrease in overhead, 1,305 

miles. Nett increase in underground, 3,312 miles.
Telegraphs.—Nett decrease in overhead, 48 miles. Nett 

decrease in underground, 899 miles.
The total single wire mileage at the end of the period 

under review was :—

Telephone Exchange .. 
Trunks...................... 
Telegraphs ...........  
Spare Wires ............

Overhead. 
. 46,225
. 8,958
. 1,131
. 3,794

Under
ground. 

3,711,327 
204,037

37,336
170,281

Total.
3,757,552

212,995
38,467

174,075

Total ... .. . 60,108 4,122,981
^=-=

4,183,089
__

Scotland West
GLASGOW-CARLISLE MAIN TRUNK CABLE.
The provision of the Glasgow-Carlisle Section of a 

new telephone trunk cable, ultimately to form part of a 
London-Liverpool-Glasgow additional artery, was com - 
menced in the Scotland West District as an urgent matter 
on the 25th June last. In this District alone the work 
involves the provision of 106 miles of cable (95 miles of 
4 pair/40 lb. + 270 pair/25 lb. and 11 miles of 4 pair/40 lb. 
+ 360 pair/25 lb., 86 miles of the former bring armoured); 
13 miles of new duct:; the building of 178 manholes and 
joint boxes, together with the installation of repeater 
equipment at Glasgow, Beattock and Dumfries. Pending 
the erection of a permanent building at Beattock, the 
equipment is to be accommodated in a temporary 
wooden hut adjacent to the site of the permanent 
building. The aim is to complete the laying and 
jointing of the cable and installation of the equip
ment by the 31st of October so that the final testing can 
be carried out before the end of the year and the cable 
brought into use early in January next. The whole of 
the duct work and approximately 40% of the cable has 
been laid up to the time of writing (mid August) and the 
marked activity of the Department’s Contractors, Messrs. 
The Standard Telephones and Cables Co., Ltd., and the 
Southern United Cable Co'., Ltd., is resulting in the cable 
being laid at a rate approximating to IJ miles per day. 
A full description of the cable as a whole will form the 
subject of an article to appeal" in a later issue of the 
Journal.

MULL. EXTENSION OF TELEPHONE SERVICE 
FROM THE MAINLAND.

The opennng of the Mull-Mainland telephone trunk 
service on the 21st June last marked a further step in the 
telephone development of the Western Isles of Scotland. 
Hitherto service was confined to local telephone com
munication between call offices and the Tobermory Ex - 

change with no outlet to the mainland, except by means 
of telegraph. The installation of a switching Exchange 
at Craignure and the provision of a 4-core submarine 
cable across the Firth of Lorne from Craignure to Oban 
has enabled full trunk facilities to be afforded to telephone 
subscribers on the Island of Mull. Unit Automatic Ex - 
changes are in course of erection at Dervaig and Aros 
(Mull) and on the Island of Iona which will extend the 
service from Craignure to distant parts of Mull and Iona.

In addition to the seven miles of submarine cable laid 
by the Submarine Department: (H.M.T.S. “ Alert ’) the 
scheme has involved the erection of over 1000 poles and 
200 miles of wire on the Island. Special arrangements 
for transporting these stores from the mainland were 
made by chartering three vessels of the steam barge type 
which loaded at Oban and off-loaded, one at the small 
pier at the South end of Mull, and the other two by beach
ing at high tide at Loch Spelve and Loch Scridian, the 
cargoes being discharged at low tide and distributed by 
lorry to the scene of operations. To cope with the rocky 
nature of the sub-soii, rock drilling plant was also shipped 
to the Island together with the requisite motor transport 
for the conveyance of men and stores from point’to point. 
Intercommunication by telephone is now made possible 
for residents and visitors on both sides of the Firth of 
Lorne and telephone subscribers in Mull can enjoy the 
full advantage of model'll telephone service.

South Western
A Posit Office Exhibition was held at Plymouth from 

9th July to 11 th August.
.Some 108,000 people attended in all—about half the 

population of Plymouth. The Exhibition was opened by 
the Mayor of Plymouth who, as part of the opeinng pro
cedure, heed a conversation with the Captain of the 
“ Empress of Britain ” which was then on its way to 
America. At the time the vessel was about 750 miles 
west of Cornwall. The necessary arrangements for this 
conversation were carried out by the Engineering Depart
ment within a few hours of the opeinng of the Exhibition, 
and the speech, as the Mayor remarked, was as clear, if 
not more so, as any local telephone caH. Sir Stephen 
Tallents was also present at the opening.

The Exhibition was an undoubted success, great interest 
being shown in the Automatic Demonstration which was 
no doubt occasioned by the pending transfer to auto. 
working.

Brixham auto. transfer took place on the 15th August 
without a single hitch. The exchange is the second of 
the A.G.S. type to be opened and contains deveeopments 
over the apparatus installed at the original exchange of 
this type, i.e., East Kirby, arising from the experiments 
which have been carried out at the latter. Three Units, 
each equipped with 80 “ L and K ” relays have been pro
vided, together with a multiple for 300 lines. The ex - 
change works into the Torquay Multi Exchange area and 
is equipped for Multiple Metering. It has Adjacent Ex - 
change Routing Facilities for Dartmouth.

The Multi-Channel V.F. System has been extended and 
the 'Western Scheme which includes V.F. terminal equip
ment at Bristol, Exeter and Plymouth has now been com - 
pleted and brought into use.
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Staff Changes
Promotions.

Name. From. To. Date.

Assistant Staff Engineer, Equipment 
Section, E.-in-C.O.

Executive Engineer, Scoli. East 
District.

Executive Engineer N. Eastern 
District.

Assistant Engineer, Scot. East 
District.

Assistant Engineer, Scot. East 
District.

Assistant Engineer, N. Eastern 
District.

Assistant Engineer, Northern Distriet.
Assistant Engineer' N. Eastern 

District.
Assistant Engineer, S. Lancs. District.

. . .
Assistant-Engineer, N. Mid. District.

Assistant. Engineer, S. Wales 
District.

Assistant Engineee-' E.-in-C.O.
Assistant Engineer N. Ireland -

District.
Assistant'Engineer, S. Lancs. 

District.
Chief Inspector, E.-in-C.O.

Chief Inspectoi', Rugby Radio Station.
Chief Inspector E.-in-C.O.

Chief Inspector' London District;
Chief Inspectoi-, S. Eastern District.

Chief Inspectoi-' N. -Wales District.
. ; Chief Inspector London District.

Chief Inspector, S. West District.

Isspector, N. Wales District.
Inspectoi-, Scoi, East District.
Inspector, N. Wales District.
Inspectoi-, N. Wales District.
Inspectoi', N. West District.

' Inspector N. Midland District.
Inspector, N. Midland District.

Inspector E.-in-C.O.
S.C. 8 T., Birmingham.

S.W.I., S. East District.
S.W.I., S. East District.

S.W.I., Testing Branch, London.

S.W.I., S. Lancs. District.
S.W.I., S. Lancs. District.

S.W.I., Scot. West District.
S.W.I., N. Wales District.
S.W.I., N. Wales District.
S.W.I., N. “Vales District.

-S.W.I., N. Wales District.
S.W.I., N. Wales District.

S.W.I., N. Midland DistrirL
---  -■

- - - - - - . - .
Jenkins, I. H. ... ... ...

Ryder, W. V.....................................

Scutt, W. D......................................
.

iMcEwan, M. R. K...........................

Farnes, G. H.... ... ... ...

Parker, T...........................................

Gemmell, W. T................................
Barlow, T. F.....................................

Stretch, W. ... ... ... ...

Owen, J. McA. ... ... ...
Tyson, W. R. .........................

Jones, H. C. ... ... ... ...
Cooper, M. C. ... ... ...

Kemp, A. ... ... ... ...

Hedges, E. W...................................
Sturgess, H. E. ... ... ...
Bevis, W. F................ ..............
Gray, G. ... ... ... ...
Logan, B. G. ... ... ... ...

Christie, G. C..................................
Vause, A. H................      ...
Preston, S..........................................

Millington, S. J. T  
Fotheringhame, S. D. ..........
Spiers, J. C. ... ... ... ...
Jones, C. E. ... ... ... ...
lootell, T. E.... .........................
Watkins, L. E.................................  
iMcNeille, J. L......................  ...
Rogers, I-  
Pullen, L. ... ... ... ...

Penfold, C. A...................................
Houghton, C. W. ... ... ...
Burke, R. ... ... ... ...

Holloway. A. ... ... ... ...
Bent, G. P  
Hanrahan, P. ... ......... ...
Armstrong, C. ... ..............
Douglas, A. S. .........................
Myatt,- J. W  
Dolman, L. F. ... ... ...
Perks, H............................................
Bradley, H........................................

Stali Engineer; leIephone Section, 
E.-in-C.O.

Assistant Superintendmg Engineer, 
Scot. East District.

Assistant Superintendmg Engineer, 
N. Eastern District.

Executive Engineer, Scot. East 
District.

Executive Engineer, Eastern District.

Executive Engineer- N. Eastern 
District.

Executive Engineer Northern District.
Executive Engineer, Scot:. East 

District.
Executive Engineer, S. Lancs.

District. _ _
Executive Engineer N. Mid. District.

Executive Engineer, S. Wales 
District.

Executive Engineer E.-in-C.O.
Executive Engineer, N. Ireland 

District.
Executive Engineer S. Lancs. 

District.
Assistant Engineer E.in-C.O.
Assistant Engineer, E-.m-C.O.
Assistant Engineer, E.in-C.O.

’Assistant Engineei-r London District.
Assistant.Eiigineer, S. Eastern _ 

District.
Assistant Engineer, N. Wales District.
Assistant Engineer, London District.

Assistant Engineer N. Eastern 
District.

Chief Inspector N. Wales District.
Chief Intpector- Scot:. East District.
Chief Inspector N.VVales District.
Chief Inspector, N. Midland District.

Chief Inspector S. West District.
Chief Inspector London District.
Chief Inspector London District.
Chief Inspector Testing Branch.

Repeater Officer, Class II., 
N. Wales District.

Inspector, S. East District.
Inspector S. East: District.

Inspector Testing Branch, London.

Inspeccor, S. Lancs. District. . .
Inspector, S. Lancs. District.
Inspector- Scot. West District.
Inspector N. Wales District.
Inspector, Ni AValés District.' 
Inspector N. Wales District. "

' Inspector,' N. Wales District. 
Inspector N. Wales District. .
IntpecCt>r- N. Midland Disi:■-ct.

20-8.34

1-1-35
.
i-i-35 ■

22-10-34

i-i-35

■ 1-1-35

1-12-34 
1-1-35

1-12-34

1-1-35
_ 1-1-35'

1-8-34 
1-8-34

'•
13-8-34

7.8.34
7.8-34 
V-8.34. 
1-8-34 
2-8-34,

128-34 
2-8-34

‘ Ì-H-33"

1-7-34 
12-7-34

■ 12.8.34 
U-36I34

■ 1-7-34.
, 1-8-34 

1-7-34.
26-6.34 
17-5-34

26-6-33
1 6-6-34 •

To be fixed 
later.
.’ 5-5.34 ..

8-7-34-.-.
1-2.32
4-8-34 
4-8-341
’4-8-34"’
6.8.43-:

2436344, 
1-8-34

Appointments.

Name. From. To. Date.

Johnson, L. P. ........................
Moody, W. R. N.............................
Adam, S. A. F. ... ... ...
Stanburry H. C. O................ ...

■ — —

Probationary Inspector, S. West Dist.
Probationary Inspector, East Dist. 

Probationary Inspector, N. West Dist. 
Probationary Inspector, N. Wales Dist.

— — -

Inspector, S. West District.
Inspectai' East District.

Inspector, N. West District.
Inspector, N. Wales District.-

1-5-31
1-5-34 ’
2-5-34
2-5-34 -
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ÄPI>OImTMENTSs—Confín«^.

Name. , From. To. Date.

Colledge, T. A. P................. Probationary Inspector, London Dist.
. —

Inspector, London District. 1-6-34
Crossley, J......................................... Probationary Inspector, E.-in-C.O. Inspector, E.-in-C.O. 4-5-34
Shepherd, J.... ... ... . Probationary Inspector, E.-in-C.O. Inspector, E.-in-C.O. 19-5-34
Taylor, F. J. D................................ Probationary Inspector, S. Wales Dist. Inspector, S. “Vales District. 2-5-34
Coombes, R. H. ... ... ... Probationary Inspector, N. Wales Dist. Inspector, N. Wales District. 2-5-34
Tucker, D. G. ... ... ... Probationary Inspector, E.-in-C.O. Inspector, E.-in-C.O. 2-5-34
Drinkwate-, M. ... ... ... Probationary Inspector, S. Lancs. Dist. Inspector, S. Lanes. District. 2-5-34
IVaumsley, L. V. ... ... ... U.S.W., St. Albans Radio Station. Probationary Inspector, E.-in-C.O. 1-6-34
Lovegrove, L. W. ... ... ... S.W.II., E.-in-C.O.

U.S.W., London District.
Probationary Inspector, E.-in-C.O. 1-6-34

Weaver, E. IV. ... ... ... Probationary Inspector, E.-in-C.O. 1-6-34
French, E. J. ... ... ... U.S.W., S. West District. Probationary Inspectorr E.-in-C.O. 1—3 '
Cheetham, H. ... ... ... .S.W.II.. N. Vest District. 

Unest. Draughtsman, N. East: Dist.
Probationary Inspector, E.-in-C.O. 1-6-34

Tuck, R. O....................................... Probationary Inspectorr E.-in-C.O. 1-6-34
Maybank, E. W............................ U.S.W., London District. Probationary Inspector, E.-in-C.O. 1-1-34
Crowther, L. R; ... ... ... U.S.W., N. East District. Probationary Inspector, E.-in-C.O. 1-6-34
Horner, G. H. ... ... ...
Goford, R. ... ... ... ...

U.S.W., London District. Probationary Inspector, E.-in-C.O. 1-6-34
S.W.II., London District. Probationary Inspectorr E.-in-C.O. 1-6-34

Medcalf, L. W. ... ... ... U.S.W., London District. Probationary Inspector, E.-in-C.O. 1-6-34
Lamb, “V. H................................. S.W.II., London District. Probationary Inspector, E.-in-C.O. , --6-34.
North, P. W. F................................ U.S.W., London District. Probationary Inspector, E.-in-C.O. 1-6-34
Dickenson, C. R. ... ... ... U.S.W., S. West District. Probationary Insp(^ctor,' E,-in-C.O. 1-6-34 .
Selby, C. H....................................... S.W.I., Portishead Radio Station.

U.S.W., Testing Branch.
Probationary Inspectorr E.-in-C.O. 1-6-34

Hulcoop, G. J. ... ... ... Probationary Inspectorr E.-in-C.O. 1-6-34
Bennett, H. V..................................
Rule, F. T........................................
Kirkpatrick, F. E............................
Scowen, F..........................................

S.W.I., Baldock Radio Station. Probationary Inspector, E.-in-C.O.
Probationary Inspector, E.-in-C.O.
Probationary Inspector, E.-in-C.O.
Probationary Inspector, ^-m-C.O.

1-6-34
1-6-34
1-6-34
16-34

ReveH, H. J.......................................
. From Open Competition. Probationary Inspectorr E.-in-C.O. 16-34

Beniston, S. ... ... ... ...
Martin, B. R. ......................... 
de Jong, N. C. C............................
Swain, E. C. ... ... ... ...

Probationary Inspectorr E.-in-C.O.
Probationary Inspector, E.-in-C.O.
Probationary Inspector, E.-in-C.O.
Probationary Inspector, E.-in-C.O.

1-6-34

Freeman, J. S. ... ... ... Unes. Draughtsman, E.-in-C.O. Draughtsman, Cl. II., E.-in-C.O. 11-4-34
Nichols, D. J................................. Unest. Draughtsman, S. Mid. Dist. Draughtsman, 5. Mid. District. 21-3-34
Hawke, C. ... ... ... ... Unest. Draughtsman, S. West Dist. Draughtsman, S. West District. 2-5-34
Fry, A. M......................................... Unestt. Draughtsman, S. West Dist. Draughtsman S. West District. 23-5-34

Retirements.

Name. Rank. Dtetnet. Date.

Hedley, J......................................... Staff Engineer. E.-in-C.O. . 19-8-34-
Horne-, F. H. ......................... Assistant Staff Engineer. E.-in-C.O. - 31-7-34
Seanr, “V............................................ Assistant Superintending Engineer. N. Wales. 11-8-34
Aspinall, H. O. ... ... ... Executive Engineei'. London. 30-6-34
Eseott, H. ... ... ... ... Executive Engineei'. S. Lanes. 12-8-34
Ray, J. W......................................... Assistant Engineei'. S. Eastern. 30-8-34
Milne, J. D....................................... Chief Inspector. Scot. East. 11-7-34
Freeman, C. F. ......................... Chief Inspector. London. 31-7-34
Lane, T. H................................... Inspector. London. 24-6-34
Pearson, M. ... ... ... ... Inspector. London. . 30-6-34
Goolding, T. S.................................. Inspector. London 30-6-34
Pigg, P. H........................................ Inspector. N. Eastern. ' 15-6-3'1
Ralph, A. W..................................... Inspector. London. 31-7-34
Thompson, C. ......................... Inspector. S. Midland. 6-7-34Dotterill, F. ... ... ... ... Inspector.- S. West. 4-8-34Horobin, J. H................................. Senior Draughtsman. E.-in-C.O. 31-8-34

Transfers.

ins tf .,-.-_-.’ Name.," . 21 X: Rank. From To Date.. j

Jacquest, A. H. ... ... ... Executive Engineer. N. Ireland. E.-in-C.O. 8-7-34
Ellson, F. A. ... ... ... ... Executive. Engineer. E.-in-C.O. Testing Branch, London. 9-7-34
Bryden, J. E. Z.............................. Assistant Engineei'. E.-in-C.O. N. Eastern District. 1-7-34
Tyson, W. R“ - ..." 9... : ... Assistant Engineei'. London District. S. Wales District. 1-8-34
Phillips, R. S.... ... ..- .;. Assistant Engineer. E.-in-C.O. S. Lanes. District. 1-8-34

■Scassali, J.. G. ' ... ... ... Assistant Engineei'-. 5. Lanes. District. E.-in-C.O. 15-8-34
Jones, F. .................................... Assistant Engineer. E.-in-C.O. S. Lanes. Distriet. —-8-34
mMiliari, C. W., ... i.. » ... , Assistant Engineei'. N. West District. S. East ^strict. --8-34
Hodge, G. W. ... ... ’ ... Assistant Engineer. E.-in-C.O. S. East Distriet. 26-8-34
Irwin, A. .................................... Assistant Engineeer St. Albans Radm. N. West Distriet. L9-34
tMcIntosh, H. B................................ ' Chief Inspector. N. Midland District. Scot. West Distriet. 7-8-34
Roberts, H. T. ... ... ... Inspector. London District. E.-in-C.O. 7-8-34
Ingram, C. S.... ... ... ... Inspector. Baldoek Radto. E.~ii--C.O. 18-8-34
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CLERICAL GRADES.

Promotions.
-

Name. From. To. Date.

Eachus, R, S.... ... ... ... Acting Higher Clerical Officer, 
S. Midland District.

Higher Clerical Officer, S. Midland 
District.

■ 3-7-34

Barker, E. W. M.......................... Clerical Officer, N.Midland District. Higher Clerical Officer, N. Midland 
District.

15-8-34

Riddell, A. B...................................... Clerical Officer, Scot. West 
District.

Higher Clerical Officer, Scot. West 
District.

3-7-34

Bagshaw, H. M. ... ... Clerical Officer, S, Lancs.
District.

Acting Higher Clerical Officer, 
S. Lancs. District.

18-7-34

Franks, G ... ... ... ... Higher Clerical Office', 5. Eastern 
District.

Staff Officer, S Eastern District. 19-8-34

Bagshaw, H. M................................ Acting Higher Clerical Oflicer, 
S. Lancs. District.

Higher Clerical Office', S. Lancs. 
District. •

19-8-34

Sand31s, T. ... ... ... ... Clerical Office', S. Western 
District.

Higher Clerical Officer, S. Western 
District.

30-11-34

Clayton, F. B. ........................ Clerical Officer, S. Western 
District.

Higher Clerical Officer, s. Western 
District.

To be hxed 
later.

Hoare, _A ... ... ... ... Clerical Officer, S. Wales 
District.

Higher Clerical Officer, S. Wales 
District.

1-9-34

Dall, C. A......................................... Clerical Officer, Scott. East District. Higher Clerical Officer, N. Eastern 
District.

To be Rxed 
l ater.

Thrush, G.......................................... Clerical Office', s. Eastern District. Higher Clerical Office', S. Eastern 
District.

To be fixed 
later.

Blower, A. “7. ... ... ... Clerical Officer, N. Midland District. Acting Higher Clerical Officer, 
S. Midland District.

To be fixed 
later.

Gravett, E................. ........................ Clerical Officer, London District. Higher Clerical Officer, London 
District.

19-8-34

I ■ . . . .' ' ■
Retirements.

Name. Rank. Location.- Date.

Taylor, G........................................... Higher Clerical Office'. Scot. “Vest District. 2-7-34
Carder, A........................................... Higher Clerical Officer. S. Lancs. District. 17-7-34
Cooke, J. ... ... ... ... Higher Clerical Office'. N. Midland District. 14-8-34
Hardcastle, J. R. ... • • • ..• Higher Clerical Office'. N. Eastern District. 8-7-34
Allin, J. T. A...................................... Staff Officer. S. Eastern District. 18-8-34
Morris, F. J....................................... Higher Clerical Office'. S. Wales District. 26-8-34
Hills, A. M........................................ Higher Clerical Officer. N. Ireland District 23-9-34
Lyons, J. C....................................... . Higher Clerical Officer. S. Eastern District. 33-9-34
Hilton, J. E. T. S............................ Higher Clerical Officer. London District. 1-9-34
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PRICE £5 ISs. including substantial case and 
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volt.
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Engmeeemg, etc., etc.

Our 256 page Hand-book should be on your Book
shelf. It will be gladly sent on request, FREE and 
without obligation. (Please state subject or Exam - 
ination of most interest).

British Institute of Engineering Technology
369, Shakespeare House, 

29/31, Oxford Street, London, W. l
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9?6».<"ï INSTRUMENTS
SPECIALLY APPLICABLE TO 
TELEPHONE MEASUREMENTS

The DECIBEL METER
3§in. INSTRUMENT, METAL CASE, FLUSH MOUNTING

A direct reading instrument used either as a milliammeter or as a 
voltmeter, indicating DECIBELS above or below a given level.
The instrument has a linear decibel scale and is best; suited to ranges 
of IO milliamperes or 50 volts.
The total decibel range is about 45 decibels over the audio frequency 
range.

PRICES ON APPLICATION.

Enquiries are welcomed for instruments of all types 
including those for special purposes.

Made at the SALFORD ELECTRICAL INSTRUMENT WORKS of

THE GENERAL ELECTRIC CO. LTD.
Head Office: MAGNET HOUSE, KINGSWAY, LONDON, W.c.Z

Branches throughout Great Britain and in all the principal markets of the World



Differential Movvng Coii MILLIAMMETERS 
For Telegraph Circuits

T. 1097. TABLE MOUNTING TYPE.

TABLE, WALL AND PANEL
British 
Instruments 
for 
British 
Industries

MOUNTING TYPES
1089. PANEL MOUNTING TYPE. INVALUABLE agline Milliammeters on Differential Duplex, Sub -Audio

Telegraph Systems, also for testingFrequency and many other Telegraph Systems, also for .testing 
purposes in connexion with Land Line and Radio Communication.

T. 1OQ8 WALL MOUNTING TYPE.
Particulaar will be 5:71 on request.

ELL/OTT BROTHERSCLondo/r) LTD., Century Works, Lew/s/mm, 3.513 Me^'  ̂
in assoocation with

SIEMENS BROTHERS & COMPANY, LIMITED, Woolwich, London, S.E.18 Woolwich 7?“

SILICIUM-BRONZE,COPPER
COPPER-CADMIUM

TAPES 6 BINDERS

as supplied to H.M. Post Office for 
TELEPHONE LINES

FREDERICK SMITH & COMPANY 
INCORPORATED IN THE LONDON ELECTRIC WIRE 
COMPANY AND SMITHS. LIMITED 
ANACONDA WORKS SALFORD 3. LANCS,
Telephone : Blatkffiari 8701 (8 Huts) TeIeggams : Anaconda, Manchester."

SEND US PARTICULARS 
OF YOUR JOB, AND OUR 
TECHNICAL ENGINEERS 
WILL PROVIDEYOU WITH 
THE DATA YOU NEED.



MAINTAINING EFFICIENCY

The high standard of efficiency 
of Pirelli - General Telephone 
Cables is maintained by the 
continuous research work of an 
experienced Technical Staff.

TELEPHONE : 
SOUTHAMPTON 

2141 a LINES) IIRELU-UENERAL TELEGRAMS:
“PIGEKAYBEL, 

SOUTHAMPTON.”

CABLE WORKS, Ltd., SOUTHAMPTON

Proprietors: PIRELLI, LTD., and THE GENERAL ELECTRIC CO., LTD.

Printed and Published by Birch &' WHiTTiNGTONNEpsom, Surrey.
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	Meet the most exacting demands for balancing currents
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	Owing to the 'combination of 7-digit traffic from 


	Book Review

	D. P. GILBERT

	S BIRCH

	Fifth Floor.

	. The disadvantage of generator signalling is it -s necessary to operato a key to call or dem and operating work is increased. 

	Journal.“
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	attenuation is

	800

	and this may be taken as a reasonable approximation in all cases.

	201
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	= 2 7f
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	A Predsson Heterodyne Osdilator	l e. ryall, ph.D.(Eng.), a.m.i.e.e.

	An Anti-Sidetone CoiB for Local Battery Circuits

	The breildng capacity of each circuit breaker is 150,000 K.T.A.

	Fig. 3 shows a typical Reyrolle circuit breaker panri.

	The 6600-volt supplies are led into separate sets of bus bars situated at opposite ends of the substation.
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