THE POST OFFICE ELECTRICAL
ENGINEERS’ JOURNAL

YoLl. 31 APRIL, 1938 PART 1

S

CONTENTS

THE NEW COMBINE®» HAND MICROTELEPHONE AND BELL SET—
C. A. R, Pearce, M.Sc. (Eng.), D.I.C. s 1

MULTI-FEE CALL DIALLING AND REGISTRATION AT NON-

PAGE

DIRECTOR EXCHANGES—F. Wilson and G. R. Sudell 5
THE HISTORY AND DEVELOPMENT OF THE 30-CWT. UTILITY
VEHICLE—R. T. Robinson, A.M.LLE.E., A.M.Inst.T. .. o i 12
ECHO EFFECTS IN RELATION TO THE EUROPEAN TRUNK
SWITCHING PLAN—A. C. Timmis, B.Sc., A.M.LLE.E.. e 16
THE BELFAST-STRANRAER CABLE CARRIER SYSTEM—E. M.
Richards, B.Sc., A.C.G.I.,, M.LLE.E., and F. J. D. Taylor, B.Sc.. , 23
THE BELFAST-STRANRAER 9-CIRCUIT ULTRA-SHORT WAVE
RADIO TELEPHONE SYSTEM—D. B. Mirk, B.Sc., M.L.LE.E. = 33
THE UNIT AUTOMATIC EXCHANGE No. 14—A. J. C. Henk and
W. Clayton i 41

THE LONDON-BIRMINGHAM COAXIAL CABLE SYSTEM Part lII —
Layout of Equlpment and Test Results—A. H. Mumford, B.Sc. (Eng ),
A.M.LE 51

NOISE AND TREATMENTS FOR ITS REDUCTION IN TELEPHONE
EXCHANGE MANUAL SWITCHROOMS—E. C. C. Stevens and

Jack Cullum .. S
AUSTRALIAN COMMONWEALTH COMMUNICATIONS—H. P.

Brown, Director-General Australian Posts and Telegraphs. . G 62
PNEUMATIC DISPATCH TUBES—THEIR ECONOMIES AND USES—

J. E. McGregor, A.C.G.I.,, AM.LE.E. e 505 64
NOTES AND COMMENTS .. o o s o ot . 66
L. H. HARRIS, M.Sc., A.C.G.I.,, M.I.LE.E. " o e SO 67
L. G. SEMPLE, B.Sc. (Eng.), A.M.LE.E. .. - ” - . 67
RETIREMENT OF MR. A. WRIGHT, M.L.E.E. o s o 0 G 68
BOOK REVIEWS .. o i s o o o i .. 68,79
INSTITUTION OF POST OFFICE ELECTRICAL ENGINEERS .. B 69
LOCAL CENTRE NOTES o S = s e s s 70
JUNIOR SECTION NOTES .. - 4 o - i o 1
DISTRICT NOTES .. .. . . - - o LT3
STAFF CHANGES 23 .. .. .. . - o0 20 82

Price l/- net

8 THE INSTITUTION OF POST OFFICE ELECTRICAL ENGINEERS ) |




A PRECISION MULTIRANGE
PORTABLE CURRENT TRANSFORMER

This instrument has a ratio error
which is within %, % when connected
to a 2 V.A. burden and within {9

on a 5 V.A. burden.

The phase angle errors are very smalil
—the maximum being -}- six minutes

at 109, load with a 5 V.A. burden.

The ranges are |0, 25 and 50 amp.

connected to terminals, and 100, 150, Size overall

200, 300, 400 and 600 amp. using a X 4 X

conductor threaded through the Weight |
35 Ibs. '

central aperture. The secondary !

current is 5 amps.

The transformer is housed in a black
bakelite case, well finished, and the
hole for the cable is carefully shaped

to facilitate entry.

Write for full particulars to

SALFORD ELECTRICAL INSTRUMENTS, LTD., SILK STREET, SALFORD
The Salford Electrical Instrument Works of

THE GENERAL ELECTRIC CO., LTD., MAGNET HOUSE, KINGSWAY, LONDON

Branches throughout Great Britain and in all principal markets of the world
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Asbestos E/ectr/co/

INSULATING BOARDS

—EBONY GRADE——

The illustration above shows part of the main power and
lighting board at Carmelite llouse, the headquurters of
Associated Newspapers, Ltd.

This control board, which is 55'10” long . 66" high, consists
of approximately 350 s:uare feet of "“SIMDANYO
Asbestus Electrical Insulating Board (Ebony Grade) built
up in 50 panels varying in thickness from 3’ to I;". Of
particular interest are the furge Air-breakk main Circuit
Brealketrsand Isolating Swicches designed to carry a maximum
of 2,500 amperes. In addition, the installation includes a
number of English Eleccric High-Rupturing Capacity Fuse
Handles, sirailar in type to the one illustrated. These are
moulded in " SILUMINITE *’ Asbestos Electrical Insulating
material, grade 2. Write for particulars of these and other
similar products.

“Siluminite”

Asbestos Electrical

INSULATING MOULDINGS

SOLE MANVFACTURERS

TURNERS ASBESTOS CEMENT CO.

BRANCN OF TURNER E NEWALIL LTD.

YRAFFORD PARK MANCHESTER 17
Asbestos House Southwark St LONDON S.E0




PORTUGAL

Norte Exchange, Lisbon, was installed in 1934
with an ultimate capacity for 10,000 lines of
Strowger automatic telephone equipment. Of
: ~Sp this total, 8,800 lines were initially installed, and
! the excellent service provided for subscribers
resulted in a further 1,200 lines of Strowger equipment
being added in 1937, This extension to Norte Exchange
was not the sole evidence of progress in telephone com-
munications, for another Strowger exchange, Estrela, was
also installed in 1937 and some 4,600 additional subscribers
catered for in result.

The cloisters of Jeronimos,
a beautiful ecclesiostical
building in Lisbon.

Final Selector Racks, Norte,

Meter Rack—-Rear View, Norte. (|

The Praga do Comercio
and bronze stotue of
Joseph Ist, Lisbon.

. 4 Portugal is a country of
}g% charm and colour . . . a
- land where deep blue

skies blend with the
soft green of trees and fields to form a rich
background for the fierce grandeur of Moorish
castles, the ornate beauty of Renaissance
churches, and the simpler but equally picturesque
allurement of villages of clustering white houses.
In the 15th and !6th centuries Portugal was the
maritime nation of the world, From the Tagus at
Lisbon—'' where all the navies of the world may
anchor ’—sailed Vasco de Gama in 1479 to dis-
cover the Sea Route to India, and that spirit has
not passed. His mantle has descended, for in 1922
Cabral and Cortinho departed from the same
spot on their epoch-making Atlantic flight.
Portuga! has a proud history . . . and she is adding
to it an impressive record of modern achievement.

AUTOMATIC TELEH[I & ELECTRI 1 |

The Tower of Belem,
buiftin 1520 to protect
shipping, Lisbon,

Telepbane Temple Bar 4506. MELBOHRNE HOHSE ALDWYCH W.C.2.. Telegrams StmwgerEsftand London’

Telephane : Temple Bar 9262. NURF [}LH HOI[SE NOHFOLK ST, W.C.2. Telegrams: ‘Autelco, Estrand,London’
Telephone: 0ld Swan 830. STROWGER WORKS, LIVERPOOL 7  Telegrams: Strowger. Liverpool
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'“ Good.day ! How are you!" . . . and, in Lisbon, two more Strowger
subscribers are in touch with each other. One more conversation is being
added to the millions which take place every day over Strowger telephones. [t
may be a weighty matter of finance or commerce discussed by business men, a
talk on administration by those responsible for national or civic affairs, or merely
the retailing of those tremendously important trifles which form a conversational
link between families and friends separated by distance. But whatever the
subject, the great majority of the world’s automatic telephone conversations
take place with the aid of Strowger equipment. 75 per cent. of the dial telephones
of the world are Strowger, and flowing through them are the languages and
dialects of some seventy countries.
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IN MANUFACTURE FOR THE BRITISH POST OFFICE
THE GENERAL ELECTRIC COMPANY LIMITED

TELEPHONE WORKS COVENTRY ENGLAND

Coventry 4111 (10 lines) ¢ Springjack,”’ Coventry
LONDON OFFICE : MAGNET HOUSE, KINGSWAY, W.C.2

Temple Bar 8000 (75 lines) ‘ Electricity, Westcent,”” London ‘ Polyphase,’”’ London (cables)
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Accountancy Examinations

A.M.Il. Fire E. Examination
Applied Mechanics
Army Certificates

Aviation Engineering
Banking
Boilers
Book-keeping,

B.Sc. (Eng.)
B.Sc. (Estate Management)
Builders’ Quantities

of Works

Civil Engineering

Civil Service

All Commercial Subjects
Commercial Art

Advertising and Sales Management

Auctioneers and Estate Agents

Accountancy, and

Modern Business Methods

Building, Architecture, and Clerk

CambridgeSenior SchoolCertificate

Concrete and Structural Engineering

LET ME HELP
YOU

INTO A KEY
POSITION L

DO ANY OF THESE SUBJECTS INTEREST YOU?!

Draughtsmanship. All Branches

Engineering. All Branches, subjects
and examinations.

General Education

G.P.O. Eng. Dept.

Heating and Ventilating

Industrial Chemistry

Insurance

Journalism

Mathematics

Matriculation

Metallurgy

Mining. All subjects

Mining, Electrical Engineering

Motor Engineering

Motor Trade

Municipal and County Engineers

Preceptors, College of

Press Tool Work

Pumps and Pumping Machinery
Radio Service Engineering
Radio Communication

Road Making and Maintenance
Salesmanship, I.S.M.A
Sanitation

Secretarial Exams.

Sheet Metal Work
Shipbuilding

Shorthand {Pitman’s)

Story Writing

Structural Engineering
Surveying

Teachers of Handicrafts
Telephony and Telegraphy

4 Transport Inst, Exams. - Ve
Naval Architecture Weights and Measures Inspector T,
Novel Writing Welding i 1
Pattern Making Wireless Telegraphy and Telephony SR
Police, Special Course Works Managers "
Nl 2|
\ I I

If you do not see your own requirements above, write to us on any subject.

Full particulars free.

StudyatHome inyour SpareTime

o O
V<

CAN YOU CHANGE
MY LEXPRESSI®ON ?
IF 80, YOU MAY BE THE
ARTIST THAT COMMERCE
IS WAITING FOR.
Just try it for yourself.
or driw the outline and
put in the features.

There are bundreds of openings in connection
with Humorous Papers, Advertisement Draw-
ings, Posters, Calendars, Catalogues, Textile
Designs, Book IHustrations, ete.

6o per cent. of Conunercial Art Work is done by
‘“Free Lunce Artists,”’ who do their work at
home and sell it to the highest bidders. Nany
Commercial  Artists  draw  “retaining  fees ™
from various sources, others prefer to work
full-time employment or partnership arrange-
ment. We teach you not only how to draw what
is wanted, but how to make buyers wan{ what
you draw, Many of our students who originally
teek up Commercial Art as a hobby have since
tnrmed it into a fnll-time paying profession with
studio and staff of assistant artists; there is no
Timit to the possibilitics. I.ct ussend full particulars

Trace
then

for a FR TRIAL and details of our course for
your inspection:.  Yon will be under no obligation
whatever.

og/‘i-:)um( ART DEPT. 24

YOU CANNOT MAKE MONEY
BY SAVING

If you save |0s. per week for 10 years you
have only got £260, but if you spend 2s. éd.
per week for 12 or 18 months on a corres-
pondence course, you give your brains a
chance to earn tkousands of pounds; then
there is no need to save.

Savings are likely to vanish, but earning
capacity is a permanent investment.

I HAVE HELPED THOUSANDS
OF OTHERS

And when | say thousands, | do not exag-
gerate, as | can produce well over 10,000
unsolicited testimonials from grateful students
who, through our Postal Training, have
achieved their{ife's

ambition.

EVERY DEPARTMENT IS A COMPLETE
COLLEGE : EVERY STUDENT IS A
CLASS TO HIMSELF

JOURNALISM
Short Story and Novel Writing

‘There is money aud pleasnre in Journalisi
and in Story Writing. No_ apprenticeship,
no pupilage, no examinations, 1o ontit
necessary.  Writing for newspapers, novels
or pictures, is not a gift; it is a science that
can be acquired by diligent application and
proper guidance. It is the most fascinating
way of making pastime profitable.  Trained
ability only is required : we do the training
by post. Let us tell you all abont it.

DEPARTMENT OF LITERATURE 24

THE BENNETT COLLEGE, SHEFFIELD

If you attend to this now, it may make
a8 wonderful difference to your future.

COUPON—
CUT THIS OUT

To Dept. 24, THE BENNETT
COLLEGE, LTD., SHEFFIELD

Plcase send me (free of charge)
Particulars of mameccai iiiiiniiavommoniiianian.,

Your private advice about
(Cross out line which does not apply.)

PLEASE WRITE IN BLOCK LETTERS
Name
Address




|NCLUDED in our range of testing apparatus

are two portable Transmission Measuring
Sets designed primarily for general purpose
measurements of levels and losses within

|
|

their respective ranges.

able are :

74105 A
LEVELS

—15db. to 420 db.

LOSSES (600 )

The models avail-

74105 B

—10db. to +20 db.

15 db. 10 db.
FREQUENCY RANGE

50~ to 5,000 - 50~ to 60,000 ~
ACCURACY

+0.5 db. 41 db. (4-0.5 db.

50~ to 10,000 - )

SIZE 6" 6"x5"  5L"%3§x33"
WEIGHT 9 Ib. 21b.

The 74105A TRANS-
MISSION MEASURING
SET has a high degree
of stability with tem-
perature change.

Srondord Telephones and Caobles Limired

NORTH WOOLWICH

TELEPHONE:

ALBERT DOCK

LONDON, E.16

1401

BRANCHES AND REPRESENTATIVES THROUGHOUT THE WORLD
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The

New Combined Hand
Microtelephone and Bell Set

April, 1938 Part |

C. A. R. PEARCE, M.Se. (Eng.), D.I.C.

A new telephone is described in which the telephone instrument and bell set are combined in the same moulded case. The
advantages claimed are ease of fitting and reduction of fault liability, Provision has been made for one, two or three press
buttons to be mounted on the instrument, thus permitting a variety of extension and interconnection facilities to be given,

Tntroduction.

HERE has recently been developed by the

I Post Office EEngineering Department, working
in conjunction with Messrs. Ericssons Tele-
phones, Ltd., a new standard subscriber’s sct in which
the bell, condenser and induction coil are mounted as

an integral part of the telephone instrument and not
as a separate bell set as hitherto.

arrangement as this, approximately half the micro-
telephone instruments are fitted as combined sets and
doubtless with the new design an cven greater propor-
tion of the demands will be for this class of instrument.,
There is, however, a serious disadvantage in
combining the bell with the telephone in residences
where the bell has to be heard in all parts of the house.
In such instances the best position for a bell is in the
hall, whereas the telephone may be

anywhere that is convenient. Tor

this reason the new sct is regarded
as  being promarily suitable for
business subscribers and plan number
installations, although its use is not,
of course, restricted to these spheres.

The advantages of combining the
telephone apparatus in a single unit
are, first, the economy of a single
case and chassis as compared with
the variety of mouldings which make
up the Telephone No. 162, and,
second, the easc and simplicity of
fitting. With a single unit the fitter
has, on direct exchange lines, to
connect only two wires to the block
terminal and need not open up the
instrument to do so. Thus the new
instrument materially reduces the
possibility of crrors in fitting.  Its
use will also generally reduce the
disfigurement to  walls  which is
occasioned by this operation, since
the block terminal can frequently be

Fra. 1.—TELEprONE No. 162 MouNTED ox BELL Sur.

When the Telephone No. 162 was introduced in
1929 it was considered that the demand for a combined
set, i.c. one in which the telephone and bell set form
a single unit, would be insufficient to justify the
development of a special piece of apparatus and
consequently the only provision for such an item was
the arrangement whereby the standard bell sect
(No. 25) intended primarily for wall fitting could
also be mounted under the telephone in the familiar
manner shown in Fig. 1. Experience has shown,
however, that even with such an admittedly makeshift

located on a window-frame or skirt-
ing-board and the fitter thus saved
the plugging of the walls. A very
prolific source of faults is bad fitting and the combined
set is well suited for fitment by relatively unskilled
staff.

General Design.

IYig. 2 shows the general appearance of the new set.
Although the external shape is based on that of an
instrument designed by the Swedish Ericsson Co.,
the internal arrangement is entirely new. The design of
the case is centred around the use of a plasticmoulding
and the result is considered to be an extremely

i



is little more than half the size of the
2 ulf pattern at present used in bell
scts. This new item will be the standard
size for use in all future designs of
bell sets and telephones.

The layout is such that all the main
components with the exception of the
switch springs and dial are revealed
and made accessible for maintenance
operations by the removal of the under-
base, while the removal of three further
screws frees the chassis from the case
and enables any maintenance work on
these two items to be easily carried out.
Every effort was made to render the
dial directly removable from the front
of the instrument but this has not been
found possible without spoiling the
appearance of the set.

Circuit Arrangement.

Fra. 2.—New CoMBINED [HAND MICROTELEPHONE AND Bl SET.

sturdy construction and ideally adapted for produc-
tion in large quantities and in colours. The mould
from which it is produced is practically a straight
““draw-out,” the only loose part being that which
forms the dial aperture.

It will be appreciated that an important factor in
the success or failure of any design of telephone
instrument is the reaction of the gencral public to
its external appearance. Tt is thought that the new
set will be popular on this account as it has alrcady
received very favourable comment from many
acknowledged authorities on design and was especially
selected by the Duke of Windsor when Prince of
Wales during his visit to the Stockholm Exhibition
in @ctober, 1932, for use in his own private residence.

The original design did not include the sliding tray
in the base and it can hardly be claimed that this
addition has improved the general appearance of the
set. This tray (I'ig. 3) was designed as a convenient
holder for the list of *“ dialling codes " in those areas
where a subscriber obtains other exchanges by the
dialling of two or three routing digits, but it has
been decided to provide it on all telephones as a
container for a snbscriber’s private directory.

The shape of the H.M.T. rest has been designed so as
to facilitate the removal and replacement of the hand
microphone and it is anticipated that the use of the
button type of ““ switch-hook,” in licu of the pattern
used in the Telephone No. 162, will obviate the
“ sticking "’ trouble experienced with the latter class
of instrument. Another important feature of the
casc design is its convenient width for gripping
when lifting although it must be conceded that the
weight of the set does to some extent mitigate against
any great easc in this respect.

With the exception of the dial all the various
components are mounted on a single chassis plate
(Fig. 4). The condenser is the only component for
which it has been found necessary to introduce a
special variety on account of the new set. Advances
in the technique of condenser manufacture have made
it possible to produce a 2 +- 0'1 uIF condenser which

2
<

The circuit of the CB and Auto.
type is given in Fig. 5 and is simply
the standard anti-sidetone arrangement (Coil Induc-
tion No. 22) which has been described elsewhere. The
local battery circuit remains a sidetonc arrangement
and is practically the standard three winding induction
coil circuit as at present used when a Telephone
No. 196 is connected to a Bell Set No. 31. Although
the local battery set will eventually disappear as a
subscriber’s instrument it will still presumably
be necessary for private wires, etc., and it is likely
that for these uses a local battery anti-sidetone
induction coil will be introduced, but no entirely
satisfactory design of coil is yet available. Space has
been left, however, to permit of the use of any design of
anti-sidetone coil which can be envisaged at the moment.

116, 3.—TRAY CONTAINING LIST OF DIALLING CODES,



Controls  for Extension Instrument
Iustallations, Plan Number Working.
®ne of the main features of the new
instrument is the facility for accom-
modating on the telephone the controls
for plan number working. This facility
has for some time past been a feature of
the telephone instruments used by certain
continen{al administrations but the
design of the British Post Office apparatus
has not until now been such as would
permit of the casy inclusion of switches
and keys, etc. The whole of the faci-
lities necessary for the existing plan
numbers (excluding Nos. 5 and 7) as well
as many others are provided by means
of three key units, two of which are
identical except that for economy one is

1. 4. —UnpDErRVIEW 0¥ CHassis AND COMPONENTS.

A feature of both C.I3. and L.B. circuits, which is
novel to subscriber’s sets in this country, is the
shunting of the transmitter by a 0-1 pI. condenser.

STRAP FORCB
,.----{_WORKING

i =

1000

hil .

@ BIAL OFF NORMAL SPRINGS

F16. 5—CircuitT oF AvuTo AND CB TELEPHONE.

This condenser, besides preventing the rectifier action
of the transmitter from causing interference between
the telephone and nearby radio sets and vice versa,
also has the effect of reducing the likelihood of the
transmitter becoming packed by current surges
occasioned by automatic switching, etc. A filter for
preventing the dialling impulses from causing radio
interference has also been designed and it has been
arranged that, when required, it can be connected
directly to the dial strip terminals as
shown in Fig. 6.

equipped with just sufficient switch

springs to meet the more popular of the
plan number arrangements, whereas the other is
equipped with enough springs to deal with all
anticipated demands. The third key is fitted with
one make contact only and is mounted and wired as
an integral part of one particular variant of telephone,
important uses of which will be as an extension
instrument for P.B.X’s, where the press button
will be used for transferring calls.

There arc several distinct advantages both to the
subscriber and to the Post Office which are obtained
by locating switching apparatus as part of the tele-
phone. L'or the subscriber it simplifies operation
and for the Post Office it simplifies fitting and enables
the instrument to be prepared at the fitting centre
complete with keys, terminal block, etc., ready for
wiring. The labour economies possible from such an
arrangement are obvious.

The convenience of this form of control and the
fact that it may be linked with the switch-hook
operation (switch hook release fecature) has made
possible considerable improvements in plan number
facilities and it is anticipated that a complete revision
of these will be undertakenin the near future together
with the introduction of a simple house exchange
system catering for up to three extensions with
exchange line facilities. The switch-hook release
feature is of particular importance because of the

There are in all some seven main
varieties of the new instrument, excluding
the sub-varieties necessitated by director
and non-director working and the several
colours. Patterns of both C.B. and L.B.
types incorporating a trembler bell will be
available for plan number working and
these instruments will include a radio
interference suppressor for dealing with
the disturbance created by the bell
contacts. This same suppressor will also
act as a spark quench for the contacts
and, in addition, reduce the disturbance
created by the use of the bell when
connected directly across C.13. and auto

exchange lines.

Fic. 6. —View ofF CHASSIS SHOWING DAL INTERFERENCE SUPPRESSOR.

3




facility which it affords of returning conditions to
normal at the completion of a call thereby obviating
mis-operation due to forgetfulness in this respect on
the subscriber’s part.

A further economy to be introduced with this set is
the standardisation of the label, it having been found
possible to mect all the envisaged demands for plan
number working by ten varieties of engraved label.
Up to the present the labelling of keys on plan
number installations has been carried out with
mechanically engraved xylonite labels mounted
adjacent to the keys. The new labels are a chemically
engraved metal type of rather neater appcarance
than the old pattern and cheaper to produce.

Key Uunils.
Fig. 7 shows the larger of the two similar units,
each of which consists of threc plunger-type keys

varicty of positions on the latch-plate. In each of
these positions it provides one form of interlocking
between the three keys.

Switch-hook release is provided by removing a
second control plate from the key frame where it is
located for convenience and attaching it to the
switch-hook mechanism of the telephone. The sloping
face forming the underside of the top projection on
the plungers has been provided to cater for cascs
where the subscriber inadvertently depresses two
locking buttons simultancously and where the
conditions are such that there is no other means of
releasing them. To obviate this the top lip is designed
so that if cither button is depressed beyond its locked
position it will force the latch plate outwards and
rclcase the second button.

The key unit switch springs incorporate twin
contacts and are mounted vertically to reduce fault
liability, 'When one or two keys are

not required the buttons are replaced
by dummies.

Conclusion.

The new tclephones and keys offer
what are, in the writer’'s opinion,
unique facilities for mechanical switch-
ing associated with the telephone and
facilitics, moreover, which could only
otherwise be provided by complicated
lever type keys or by press buttons with
relays, cither of which arrangements
would indubitably be considerably
more expensive than the new system,
and it is considered that the new
apparatus represents a real advance in
telephone instrument design.

In conclusion the author wishes to

F1G. 7.—CHASSIS WITH LARGER TYPE KEY UNIT MOUNTED IN P@SITION.

operated by press buttons located in front of the
handset. The keys may be interlocked in various
manners, c.g. all three can be left quite independent
of each other to act as separate press buttons or it
can be arranged that the first when depressed shall be
locked in the operated position and only released
from this position by the operation of the sccond or
third. Alternatively the first or third may be locked
down when operated and released by the replacement
of the telephone on the rest, and so en.

These facilities are all controlled by means of the
very simple control plate shown in Kig. 8. The key
when opcrated is held in position by the lip of the
spring latch plate meeting the projection on the key
in ratchet and pawl fashion. The depression of a
second similar button will, of course, force out the
tatch-plate and releasc the first button. To render any
key non-locking, therefore, it is only necessary to
prevent the latch-plate from overlapping the key
projection.  This is done by filling the lip with a
portion of the control plate. The arrangement is
such that the control plate may be mounted in a

tender his thanks to Messrs. Ericssons
Telephones, Ltd., for the provision of
the photographs used for the majority of the
illustrations.

PRESS BUTTON
IN COVER OF
" TELEPHONE

SWITCHING

LATCH PLATE H2°  SHRINGS

SPRING-LOADED

UPPER LiP PROVIDED
TO RELEASE MECHANISM
LOCKED-UP BY

MISOPERATION
CONTROL ="
PLATE TRIPPING ARM
FOR
SWITCH -HOOK
RELEASE

Fi1g. 8. —KEy INTERLOCKING MECHANISM.




Multi-Fee Call Dialling and Registration
at Non-Director Exchanges

F. WILSON and
G. R. SUDELL.

The authors describe the general principles which are being followed in the design of non-director type equipment to
permit the extension of the subscriber’s dialling range so that all calls for which a fee up to a maximum of 4d. is chargeable
may be completed automatically. A feature of the scheme is the provision of translating equipment which limits the number
of routing digits to be dialled by the subscribers to a maximum of three. Multi-metering and route-barring facilities are

also given.
Introduction.

ITHERTO subscriber-to-subscriber dialling in
Ha non-director area has been confined to the

main and satellite exchanges included in the
linked numbering scheme and other automatic
exchanges situated within the unit fee area, usually
5 miles.

The policy of automatisation of the Post Office
telephone system has, as one object, the extension
of the dialling range of subscribers, so that all calls,
for which a fee up to a maximum of 4d. is chargeable,
are completed automatically, and the programme of
automatisation in the United Kingdom has now
advanced sufficiently to necessitate the consideration
of arrangements to achieve this object.

In the modern types of unit automatic exchanges,
this facility has been provided where possiblel, and
it is the purpose of this article to deal with the lines
along which development is proceeding to give
equivalent arrangements at non-director main and
satellite exchanges.

Call Charges.

The system of charges now in use by the British
Post Office is such that for calls between subscribers
connected to exchanges more than 15 miles apart,
i.e. calls for which the charge is 5d. and over, the fee
variesaccording to the distance between the exchanges
and the hour of the day in which the call is effected,
and it is necessary for these calls to be supervised
manually for charging purposes. For calls between
subscribers connected to exchanges 15 miles or less
distant from each other, the fee chargeable is
dependent upon the distance only, irrespective of the
hour of the day in which the call is effected, and the
maximum fee for such calls is 4d. The charges are
as indicated in Table I.

TaBLE I.—CALL CHARGES

Distance between Originating

|
and Called Exchanges Fee
From 0 to 5 miles { 1d.
From 5 to 7% miles o 2d.
From 7% to 124 miles . 3d
From 124 to 156 miles | 4d.
|

It will be seen from the foregoing that the equip-
ment necessary at an exchange to provide the
required multi-metering facilities should be capable
of dealing with calls to all exchanges within 15 miles,
and furthermore, of dealing with tandem traffic
passing through the exchange. For the purpose of

1P.O.E.E.J., Vol. 28, p. 105; Vol. 29, p. 141; Vol 31, p. 41.

this article, the area enclosed by the circle of 15 miles’
radius about an exchange is termed the multi-fee
area, and includes exchanges outside the linked
numbering scheme of the originating exchange. The
term ‘‘ central automatic area ”’ is used to define all
exchanges in the linked numbering scheme, i.e. main
and associated satellite exchanges.

It will be appreciated that junctions between the
exchanges in a multi-fee area are provided according
to traffic requirements and that the traffic between
some of the exchanges may not justify the provision of
direct junctions. Consequently a number of calls
will be routed via other exchanges, and it is necessary
therefore to arrange for impulsing and signalling over
junction networks which may consist of one junction
or more in tandem.

Impulsing Considerations.

The inclusion of a transmission and signalling bridge
in the auto-to-auto relay set involves impulse
repetition which results in distortion of the repeated
impulses additional to that already resulting from
permissible variations in the subscribers’ dial speed
and from the subscribers’ and junction line charac-
teristics. These conditions impose limitations on the
number and type of junctions in tandem over which
it is possible to impulse without the aid of impulse
regenerators?,

TasLE II
JuncrioN RESISTANCE LiMITS FOR Loop IMPULSING
Number of Loop Resistance of Junctions
Junctions in

Tandem Individual Total
Maximum Maximum

ohms ohms

1 1,500 1,500

2 800 1,600

3 700 1,000

Typical loop-impulsing limits for junctions are
indicated in Table IT from which it will be observed
that a maximum limit of three junctions in tandem
isimposed. A study of the type of junction networks
likely to be involved in the completion of calls to
exchanges in the multi-fee area of an originating
exchange resulted in the general conclusion that in
some areas the number of junctions in tandem which
may be expected on such calls will exceed three, and
it was obvious that the conditions could not be met
with existing apparatus. It was therefore considered
necessary to provide facilities for impulse regenera-
tion en route. A portion of a typical junction net-

*P.O.E.E.]., Vol. 30, p. 261.
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work is shown in Fig. 1, from which it will be seen
that a call from Duddington to Brigston involves the
use of five junctions in tandem.

Consideration of the most favourable point at
which to place impulse regenerators has indicated that
it is most advantageous to associate them with the
outgoing junctions at all tandem switching centres.
The advantage of this arrangement is chiefly that the
junction network is rendered completely flexible and
independent of changes in the composition of the
network. The effect of so placing the regenerators is
torender each junction in a tandem connection subject
to the limitations of single junctions only.

It is, of course, possible to meet the impulsing
requirements by the association of the regenerators
with the incoming ends of the junctions, or with both
the outgoing and incoming ends of the junctions,
according to the merits of each junction link. These
methods are, however, subject to change as a result of
extension or alteration in the junction networks and
necessitate a careful study of the junctions over a
large area. Furthermore, they prove to be less
economical and involve additional transmission
osses.

General Signalling Conditions.

Calls to Manual Exchange Subscribers.—It is
proposed to introduce multi-metering facilities at
main exchanges before full automatisation of all the
exchanges in the multi-fee area is completed, and it
is inevitable therefore that some calls will be dialled
to manual exchanges. As manual exchanges will
eventually be replaced by automatic exchanges,
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essential, as regards the existing exchanges,
to keep the amount of apparatus required
to a minimum in view of possible
accommodation difficulties. It appears
reasonable, therefore, to expect that all
calls entailing services such as assistance,
trunk, toll, etc., requiring manual inter-
vention, should be dealt with at the local
manual board and that the function of the
multi-metering equipment should be
confined to subscriber-to-subscriber con-
nections within 15 miles of the originating
exchange.

Dialling Codes.

From the subscriber’s point of view, automatically
setting up a call over a number of junctions in tandem
would appear in some instances to be a formidable
operation, should the caller be required to dial, as
the code for the required exchange, the digits
necessary to route the call via the appropriate selector
levels at each intermediate exchange. Considering
the call from Duddington to Brigston, if it is assumed
that one digit is required at the originating, and at
each tandem exchange, it will be observed that 5
code digits would be necessary in addition to those of
the called party’s number. Should more than one
routing digit be necessary at one or more of the
switching points, the number of digits in the code
would be correspondingly increased. It was con-
sidered from this aspect of the problem that transla-
tion could usefully be employed and provided in the
multi-metering equipment to generate the required
impulse trains necessary to route the caller to the
wanted exchange, so that the code digits which the
caller would be required to dial could be reduced to a
reasonable number. It is clear that such a reduction
would improve operation from the subscriber’s point
of view and simplify the instructions necessary for
the subscriber’s understanding of the procedure
involved in effecting such calls. It is emphasised at
this stage that the use of translation is not intended
to simulate the conditions obtaining in director areas,
nor is it practicable to do so.

The scheme to be described (referred to as ‘‘ the
routing scheme ) has been proposed and is being
developed by the Post Office Engineering Department



for application at main and satellite exchanges. It
limits to a maximum of seven the number of digits
which the caller will dial for calls to subscribers con-
nected to any other exchange within the limits of the
multi-fee area, irrespective of the number of inter-
mediate exchanges through which the call may be
routed. This is achieved by the inclusion of a
translating device in the multi-metering equipment
at the main exchange.

The arrangement is such that a 2- or 3-digit code
is prefixed to the called subscriber’s number for calls
to distant automatic exchanges, and a 3-digit code
only is dialled for calls to distant manual exchanges.
These dialling codes consist of a common 1st digit,
the digit 8 generally being used, followed by one or
two additional digits.

The use of a single-digit code is possible but has
strictly limited applications depending on local
conditions.

As the scheme aims at limiting the number of
digits which the caller will dial for multi-fee area
calls to a maximum of seven, it is necessary toallocate
2-digit codes to distant exchanges having a 5- or
a mixed 4- and 5-digit numbering scheme. They
can also be employed, if desired, on other exchanges
having 4-digit numbering schemes if the code capacity
and other local conditions render this possible.

The common 1st code-digit (generally 8) serves as a
discriminating digit indicating that a multi-fee area
call is to be effected and at the main exchange steps
the 1st selector to the required level to give access to
the multi-metering equipment. The next two digits
are always used for translation, thus, when a 2-digit
code is dialled, it is necessary to employ the 2nd
code-digit and the 1st digit of the called subscriber’s
number, for this purpose. It will be evident therefore
that a total of 100 3-digit codes are available.

Advantages of the Translation Scheme.

Apart from service advantages which accrue from
the use of the translation scheme, there are con-
siderable engineering advantages, the more out-
standing of which may be enumerated as under:

(1) Routings which exist at the time of the intro-
duction of multi-metering facilities may be
retained without causing any restriction in the
number of codes available for allocation.

(2) Dialling codes are unaffected by subsequent
alterations of routings.

(3) Multi-metering discriminations and routings
are given by straightforward jumpering
arrangements.

(4) The trunking arrangements are considerably
simplified.

(6) The subscribers’ multiple capacity of an
exchange is stabilised.

(6) The necessity for arranging the trunking at
tandem exchanges so as to reduce the routing
digits required to a minimum is eliminated.

Functions of Multi-Metering Equipment.

The essential tunctions of the multi-metering
apparatus, in addition to those already discussed, are
the determination of the appropriate fee chargeable
for any particular call and the operation of the

caller’s meter in such a manner as to cause registration
of that fee.

It is also necessary to apply suitable restriction to
prevent certain types of calls being set up, and to
limit the caller’s access to the confines of the multi-
fee area. In this respect the multi-metering equip-
ment can be utilised as follows :

(@) To prevent coin-box users completing calls
other than those for which a unit fee is charge-
able, or completing calls to distant manual
exchanges or auto-manual exchanges other
than the one obtained by dialling “0.”

(6) To prevent a caller setting up a call by means
of irregular connections via distant U.A.X'’s
which may result in the completion of calls for
which the appropriate fee is in excess of that
which would be registered in these circum-
stances.

As the incoming junctions at unit auto exchanges
have access to routes which are also available to the
U.A.X. subscribers, it is possible for a subscriber,
having reached the U.A.X., to dial then a digit which
would cause a call to be routed via an outgoing
junction to another exchange.

Reference to Fig. 2, which depicts a main exchange
“ A’ having a route to U.A.X. “ B "’ situated within
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F1G. 2.—IRREGULAR ROUTING.

the multi-fee area of “ A,” and U.A.X. “ B " having
a route to exchange “ C " outside the multi-fee area
of “A,” will illustrate this condition. It is
assumed, for explanatory purposes, that the charge
for a call from “A” to “B " is 4d., and from “ A"’
to “C” is 5d., and that the code allocated at “ B "’
for calls to exchange “ C” is the digit “ 6.” It will
be evident that a caller at ““ A,” dialling a code for
exchange “ B "’ and then, instead of following this
with the called subscriber’s number, dialling the
digit “ 6" and following this with the number of a
subscriber at exchange ““ C,” could, unless prevented,
effect a 5d. call for 4d., as the equipment at the
originating exchange determines the fee as a result of
the code dialled for exchange “ B.” The method of
preventing this type of call is explained later.

Routing Scheme, Main Exchanges.

A typical application of this scheme is illustrated
by the trunking diagram shown in Fig. 3. The
scheme can be applied to both new and existing main
exchanges, but some modification of the equipment is
necessary in existing satellite exchanges.

The outlets from the chosen level, say level 8, of
Ist selectors at the main exchange are trunked to
junction relay sets, each including an impulse

7
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regenerator, signalling relays and a transmission
bridge. Associated with these relay sets via uni-
selector hunters are route discriminators which
function as translating, discriminating, restricting
and metering devices.

It will be seen that access to all junctions to
exchanges included in the multi-fee area is obtained
via this level of the 1st selectors, the junction relay
sets, and thence via 2nd or 3rd selectors. A feature
peculiar to the routing scheme is that it is necessary
to associate the junction relay set with the outlets
of the 1st selectors, because it is desired to translate
the 2nd and 3rd digits dialled by the caller. The
junction relay sets and route discriminators are there-
fore common to all the outgoing junctions. As a
result, the arrangement has an economic advantage
compared with schemes whereby the relay sets are
associated directly with the junctions at a later stage
of selection.

The impulse regenerators included in the junction
relay sets are concerned in their regenerative capacity
only on tandem calls passing through the exchange,
i.e. calls from other exchanges via the incoming 1st
selectors, but are employed as impulse storage
devices on calls originated by the main or satellite ex-
change subscribers, and this function, it is interesting
to note, is a further example of the use to which the
mechanical impulse regenerator can be put.

The route discriminator consists of two parts,
namely :

(1) Discriminating and controlling relays, a com-
bined digit distributor and control uniselector
and an impulse send control uniselector.

(2) Translation element, comprising a two-motion
selector (which will be termed the BC Selector,
for explanatory purposes), the banks of which
are connected to an associated translation field
in much the same way as in the director. Five

double banks are provided on the selector, four
of which provide for a maximum of 8 trans-
lated routing digits on any one of 100 codes,
another bank is utilised for fee and other
discrimination purposes, and the remaining
bank for the association of call distribution and
call totalling meters in connection with call-
distribution records.

One impulse machine is provided per ten route
discriminators for transmission of the routing digits
resulting from the translation of the dialling code by
the route discriminator and for operation of the
caller’'s meter for fee registration, avoiding the
necessity for meter pulse machines.

The 1st selectors are arranged in four groups,
serving main exchange coin-box subscribers, main
exchange ordinary subscribers, incoming junctions
from the satellite exchanges, and incoming junctions
from other exchanges respectively, in order that a
signal may be passed forward from each group to the
multi-metering equipment, to indicate the origin of
the call, so that the appropriate conditions may be
set up.

Operation of Equipment, Main Exchanges.

A main exchange subscriber calling another
subscriber connected to an exchange included in the
multi-fee area, will dial the appropriate code followed,
on calls to automatic exchanges, by the called party’s
number. The st selector is thus stepped in accord-
ance with the 1st digit, a free junction relay set is
taken into use, and the discriminator hunter hunts
for and associates an idle route discriminator. The
2nd and 3rd digits of the code are received by the
regenerator in the junction relay set and are repeated
to the route discriminator stepping the wipers of the
BC selector to the appropriate position in the bank.
The remaining digits composing the subscriber’s
number are held stored in the regenerator.



On receipt of the two code-digits by the route
discriminator, discrimination is effected. Either
NU tone is returned to the caller to indicate that a
barred call has been attempted or a spare code
dialled, upon which the discriminator is released, or
the call is allowed to proceed, in which case the two
digits are translated and the necessary routing digits
to route the call to the required exchange are trans-
mitted via the junction relay set, the 2nd and 3rd
selectors and appropriate outgoing junction. Follow-
ing transmission of the routing digits, the digits of the
called subscriber’'s number are released by the
regenerator in the junction relay set and transmitted
over the junction.

When the called subscriber answers, the appro-
priate number of metering pulses are applied from the
route discriminator to the caller’s meter, via the
junction relay set and the Ist selector. The route
discriminator is then released and becomes available
for use on other calls.

On calls to unit automatic exchanges, the 1st digit
of the called subscriber’s number is received by the
route discriminator on the digit distributor uni-
selector at the same time as it is being transmitted to
line by the relay set regenerator, and if the digit
dialled is other than ““ 2 " or ** 3,”” NU tone is returned
to the caller, and the outgoing junction, distant
exchange equipment and the discriminator are
released. The unit automatic exchange numbering
schemes are such that the subscribers’ numbers com-
mence with the digits “ 2" or ““ 3,” and in this way
the caller is prevented from setting up a call by the
irregular connections previously described via the
unit automatic exchange.

In the event of busy conditions being encountered
en route, busy tone and flash are returned to the
caller from the junction relay set and the outgoing
junction, distant exchange equipment and the route
discriminator are released.

The impulse regenerator in the junction relay set
has a storage capacity for 40 impulses only, if none
are transmitted by the regenerator in the meantime,
and provision is made for the return of busy tone and
flash to the caller in the event of this storage limit
being reached before a route discriminator is asso-
ciated with the junction relay set.

The satellite exchange subscribers dial the same
codes as the main exchange subscribers for multi-fee
calls, and such calls originated by these subscribers
are dealt with at the main exchange in the same
manner as those described for the main exchange
subscriber, except that the route discriminator is
used for translating purposes’ only, and is released
following transmission of the routing digits.

On tandem calls originated at a distant exchange
other than an associated satellite, a signal is received
from the incoming 1st selector group to prevent
association of a route discriminator with the junction
relay set taken into use and the discriminators are
not employed on this type of connection. Such calls
pass via the level of the incoming selector, the
junction relay set, which functions as an impulse
repeater, and thence via the 2nd and 3rd selectors to
the outgoing junction and distant exchange required,
the necessary routing digits being transmitted from
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the originating exchange. The chart given in Fig. 4
shows diagramatically, the equipment taken into use
on each of the aforementioned types of traffic.

The conditions obtaining on calls to subscribers
connected to the same exchange, or the associated
satellite exchanges, are similar to those in existing
practice. It will be noted, however, that the auto-
to-auto relay sets used on the calls outgoing to the
satellite exchanges are connected between the 1st and
2nd selectors instead of being directly associated with
the outgoing junctions concerned.

In this connection, investigation has shown that
the economic advantages derived from the association
of the junction relay sets with the 1st selector levels
for multi-fee traffic also apply to links to 2nd selectors
serving routes to satellite exchanges, where the
trunking arrangements permit, i.e. where a group of
2nd selectors only carries traffic to two or more
satellite exchanges. The extent of the saving is
dependent upon the number and size of the junction
groups, the availability of the 1st and 2nd selectors
concerned, and whether or not the traffic from the
1st selectors is smooth.

Routing Scheme, P.O. 2,000 Type Satellite Exchanges.
Advantages obtained from satellite working have
been derived, as far as present design is concerned,
from the use of a discriminating selector, which
provides the following facilities :
(a) impulse repetition ;
(b) discrimination between junction and local
calls ;
(¢) absorption of digits for local calls, resulting in
a saving of local selectors.

Access to the main exchange junctions is provided
via the banks of a uniselector hunter.

With the necessity for the provision of multi-fee
metering and the introduction of the 2,000 type
selector, opportunity has been taken to design a
satellite exchange in which a discriminator would
provide, in addition to multi-metering, the dis-
criminating and absorbing features of the discriminat-
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ing selector. With this object in view, the following
scheme has been developed and the arrangements
shown for satellite exchange “ C "’ in Fig. 3 illustrates
its application. (Certain 2,000 type satellite
exchanges are being installed at the present time
with pre-2,000 type discriminating selectors. The
scheme described in the following paragraphs does
not apply to these exchanges.)

The line finders are connected to selectors termed
satellite first selectors which are associated, via
uniselector hunters, with a common group of
discriminators which function as discriminating,
route-restricting, metering, digit-absorbing and
impulse-repeating devices. A transmission bridge is
included in the first selector and access to the main
exchange junction group is provided via one or more
of the levels. Any levels, including level 1, can be
allocated for junctions to the main exchange and the
provision of automatic hunting gives full availability
over the whole of the junction group. This method
dispenses with the necessity for a separate junction
hunter.

Junction hunting commences when a signal is
received from the discriminator, which has previously
determined that the call is required to proceed via
the main exchange equipment. Thus a junction is
not taken into use until required, resulting in a con-
siderable saving in holding time. The discriminator
includes a mechanical impulse regenerator which
accepts the digits dialled by the subscriber and stores
them until discrimination is given.

Should the call require to be routed via the main
exchange all digits are sent over the junction by the
regenerator, but where the call is local the first digit
is absorbed by the discriminator and the satellite
first selector steps under control of the second digit
and functions as a second numerical selector giving
access to third numerical and final selectors.

The trunking diagram shown in Fig. 3 shows a
typical satellite exchange of 2,000 multiple occupying
levels 6 and 7 of the satellite first selector. Five
levels giving access to 100 junctions to the main
exchange are also shown.

Junction Calls.—Should a call be set up to an
exchange included in the multi-fee area the subscriber
will be extended via a first selector to an idle dis-
criminator from which dial tone is returned. The
code will then be dialled commencing with the
common lst digit and discrimination is given, after
the receipt of the 1st digit, that a junction to the
main exchange is required and a signal is passed to
the selector which causes it to step vertically until a
level is found containing a free junction and then
radially to find a free outlet. During this time the
regenerator in the discriminator is receiving further
digits from the subscriber. When a junction has
been found the regenerator sends out the stored
impulses, which are received at the main exchange,
and the call proceeds from that point as previously
described.

At the same time as the digits are being received
by the regenerator they are received also by a relay
group in the discriminator which, after the code has
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been dialled, discriminates for the following condi-
tions :

(a) the fee chargeable ;

(b) the barring of multi-fee and other calls to coin-
box users ;

(¢) the barring of spare codes.

In condition (a), the call is allowed to proceed, but
for (b) and (¢) NU tone is returned to the caller and
the junction released.

After discrimination has been given the remaining
digits composing the called subscriber’s number are
accepted by the regenerator at the satellite exchange
and repeated over the junction to the main exchange.
The discriminating equipment is held until an
answering signal is received which actuates the
regenerator mechanism causing impulses to be
delivered (by means of auxiliary impulse springs) to
a uniselector which is stepped until a marked contact
is encountered. During the stepping of this uni-
selector the appropriate fee is registered on the meter.
After the fee has been registered the discriminator is
released and can be used in the setting up and
metering of further calls.

Local Calls.—Should the subscriber dial a local
number commencing with 46 or 47, local discrimina-
tion is not given until the second digit has been dialled,
as the digit 4 serves other satellite exchanges. All
the digits will be repeated by the regenerator but the
line-impulse springs are short-circuited during the
time the digit 4 is being sent. The second digit will
step the satellite first selector to the required level and
subsequent digits will route the call via third and
final selectors. Local discrimination provides for
single-fee registration and the discriminator is held
until this has been effected. Should the call require
routing to another satellite exchange via the main
exchange equipment, the second digit will be some
number other than 6 or 7, in which case a signal will
be sent from the discriminator to the selector to
indicate that a junction is required, and when found
all digits stored by the regenerator will be transmitted
over the junction and the call routed through the
main exchange equipment.

The discrimination for ““ 0’ level calls provides for
manual hold and a coin box signal, and that for level
9 can provide for manual hold or metering as desired.

Calls to Manwual Exchanges.—A 3-digit code will
be dialled to obtain access to a manual exchange
and discriminations are provided for either metering,
in which case the disctiminator is held until this has
beeneffected, or non-metering, when the discriminator
is immediately released.

Routing Scheme, Pre-2,000 Type Satellite Exchanges.

The provision of multi-metering facilities in this
type of exchange must, of necessity, follow the same
principles as that for 2,000 type satellite exchanges,
as the equipment at the main exchange will be similar
in both new and old types.

In order to reduce modification to existing equip-
ment to an absolute minimum, the alterations to the
discriminating selector have been restricted to those



essential for providing the following circuit conditions
to the new equipment :

(a) impulse repetition ;

(b) holding earth ;

(¢) supervisory and metering signals ;
(d) _busy back signal.

It will be appreciated that in this type of exchange
there is no necessity to introduce a regenerator for
storage purposes as all the existing features of the
discriminating selector and junction hunter are
retained.  Associated with each discriminating
selector is a small relay set and a discriminator
hunter which functions for hunting, switching and
return of busy and NU tones. The discriminators are
provided in a common group, access being obtained
by the discriminator hunters. This equipment
receives a repetition of the impulses at the same time
as they are being sent over the junction and dis-
criminates for metering, coin-box barring and spare
codes.

On reference to the trunking diagram shown in
Fig. 5, it will be seen that a call to an exchange in the
multi-fee area is dealt with in the following manner.
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When a discriminating selector is taken into use
the junction hunter is caused to find an idle outlet
and the switching relay to operate and busy the
junction found, but dialling tone is delayed until the
discriminator is associated. When the common first
digit is dialled junction discrimination is given and
the discriminating selector functions in its normal
manner. This digit is repeated over the junction,
stepping the first selector at the main exchange to
level 8, say, where an auto-auto relay set is seized
together with a routing equipment. The second and
third digits are also repeated over the junction,

positioning the routing equipment at the main
exchange. These three digits comprising the code
are also received by the discriminator at the satellite
exchange which determines the fee to be registered,
or if a barred or spare code is attempted disconnects
the junction and returns NU tone to the caller.

Should ““ busy "’ be returned from any switching
stage during the setting up of a call, busy tene is
returned to the subscriber by the discrimination and
the junction is released. When a discrimination has
been given, the impulsing circuit to a discriminator is
disconnected and subsequent digits are transmitted
over the junction only. The discriminator remains
associated until the called subscriber answers and
metering is effected.

In order to provide for meter impulses a similar
method is adopted to that described for 2,000 type
satellite exchanges, but in the absence of a
regenerator, ‘‘ flicker ”’ earth is used to step the uni-
selector which controls the meter pulse relay.

Local Calls and Calls to Exchanges within Linked
Numbering Scheme —Although there are satellite
exchanges of less than 1,000 multiple for which third
digit discrimination is provided by the discriminating
selector, it is not necessary to accept this number of
digits by the multi-metering discriminator due to the
fact that all calls of this nature require single-fee
registration and the first digit will be sufficient to
determinethis. Therefore discrimination will be given
after the first digit has been dialled and no further
digits will be accepted by the discriminator. When
metering has been effected the discriminator is
released.

Calls to Mantal Exchanges—A 3-digit code is
dialled as with 2,000 type satellite exchanges.

Conclusion.

This article provides an introduction to a subject
which embraces many complex problems, as for
example the incorporation of devices for impulse
regeneration, junction guarding, etc., which are, of
course, essential features for the materialisation of
the Post Office policy to extend the subscriber’s
dialling range to 15 miles.

In future articles it is intended to give further
details of the “ routing "’ scheme and its adaptability
for other purposes such as dealing with multi-fee
traffic to a director network from non-director
subscribers situated on the fringe of a director area,
and the use of the route discriminator on tandem
traffic originated by dependent U.A.X.’s, dialling-in
operators, etc.




The History and Development of the
30-cwt. Utility Vehicle Rr.T.ROBINSON, amice, ammsct.

The author traces the history of the 38-cwt, Utility Vehicle, which is used for subscribers’ werks, and gives details of
its present-day bodywork.

Introduction.

NE can imagine the feelings of Post Office
Ogungs 20 or 30 years ago, when they had to

travel to their work by slow and uncomfortable
trains, and when the final stage of the journcy often
meant pushing a heavily-laden handcart for several
miles. It was not until 1916 that the TPost Office
Engineering Department adopted a method of
reducing the enormous expenditure of man power in
getting to the job. In that ycar Army lorries were
borrowed for work on the restoration of open lines
damaged by the great snowstorm, and they showed so
plainly the advantages to be gained from the convey-
ance of gangs, direct from their headquarters to the
site of the work, that their usc on a large scale was
decided upon.

In 1919 a few 3-ton Albion lorries, 7-cwt. Ford vans,
and Triumph and Douglas motor cycle combinations,
about 600 in all, were obtained from the surplus army
fleet, and this constituted the nucleus of the
Engineering Department’s flect. ILxperience soon
showed that vehicles intermediate in size between the
7-cwt and 3-ton were necessary and others of 1-ton,
30-cwt., and 2-ton carrying capacity were gradually
introduced.

By 1925 motor transport was used to a considerable
extent for conveying gangs, with their handcarts
and other equipment, to the site of their work, but
the number of vehicles was not sufficient to make
journeys by train exceptional.  The jobs were
frequently at some distance from headquarters and
even when a lorry was available to
take the men the whole distance from

All chassis are bought direct from the makers,
and the bodies are constructed by body-building
firms to Post Office specifications and drawings. A
selected group of body-builders are invited to tender
for the construction of bodies about twice a year.

Farly Utility Velicles.

Between 1921 and 1925 several papers deating with
Motor Transport were read at local centres of the
I.P.O.E.E. and one advocated the use of a specially
designed vchicle for gangs engaged on overhead work.
There were to be facilities for arranging in an orderly
manner the tools and stores hitherto carried in the
handcart and the vehicle was to remain with the
gang at all times.

A vehicle wasdesigned and tried out at L.oughborough
early in 1925. Later in the same year, six more of the
same pattern were built. In this model the cab was
as high as the body and one roof covered both.

It was soon discovered that this type of vehicle
would be much mere useful on telephone subscriber’s
work if one or two light poles could be carried. Various
means suggested themselves, some of which would
have involved restricting access to the cab to one side
only, a common practice at that time : but from the
outset, when designing the various types of body
used in the service, “ Safety First” has been the
rule and the carrying of ladders and poles on the
vehicle in its modified design in no way interferes
with the use of either door of the cab.

The alteration consisted in lowering the cab roof

their headquarters to the job, they
were not brought back until the work
was finished, so that lodgings had to
be found for them during that time.
At the beginning of April, 1925, the
fleet was made up as follows :—
41 3-ton Albion Lorries
4 30-cwt. Albion Lorries
118 1-ton FFord Vans
49 T-cwt. Ford Vans
2 Cable Testing Vans
736 motor cycle combinations

Total 950 x A

None of these vehicies possessed any
distinctive character other than being
rather more robust than many of the
standard products of motor firms. The
greater strength was essential for the b
cartage of poles, cable drums, hand- I
carts and other heavy concentrated '

loads.
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Fig. 2.—NEARSIDE IFRONT J.@CKERS.

and making a small opening at the front of the body,
above the cab, as shown in the top left-hand corner of
Fig. 1. The opening is visible through the side
window between the rungs of the ladder on the near
side of the vehicle. A clearer view of the opening is
seen in Figs. 6 and 7.

Since 1925 the fleet has consisted of two distinct
classes of vehicles, stores-carrying, which arc common
service vehicles for conveying men and stores as
required ; and utility vehicles, which are definitely
assigned to a gang or working party, of which the driver
is a member. The 30-cwt. utility van was the
only type until 1928 when the 10-cwt. type
was introduced and the 1l-ton a year later. These
vehicles provide shelter for the gang in inclement
weather while on the work and for
meals.

Tool and Stores Fittings.

When the vehicles were first intro-
duced in 1925, attempts were made to
devise suitable fittings for the orderly
arrangement of the tools and stores,
but in those days gangs were seldom
employed on one class of work con-
tinuously. The stores used on main
trunk lines, e.g ., insulators and spindles,
arm  Dbolts, wire, etc., are larger in
dimensions and heavier than those used
on pole lines (minor lines) consisting
mainly of subscribers’ circuits, hence it
was difficult to devise standard fittings
that would enable the foreman to
take out stores for all classes of work
in sufficient quantity for more than
one day’s work. The tool kit of these
mixed work gangs is also much larger
than that required for work on minor
lines. Gangs working for the most part
on main trunk lines use stores-carrying
vehicles.

The old Northern Ingineering
District took particular interest in the
development of fittings for utility vehicles, and the
volume of work on minor lines having developed
by 1928 sufficiently to permit of the work being
segregated to a great extent, they devised a layout
which is the Dbasis of the present standard scheme.
Fittings are Dbeing provided locally for all vehicles
built before June, 1937.

The recent more rapid growth of overhead sub-
scribers’ circuits has made it possible to segregate
work still more and to fit up new vehicles before they
are brought into service. The equipment costs less
and there is no interference with work while vehicles
are being fitted up.

There are four lockers on each side of the vehicle.
Fig. 1 shows the general layout of those on the near-

As the load carrying capacity of a

utility vehicle is handicapped by the
weight of the locker compartments the
engineers responsible for their pro-
duction carefully review the design

before placing a new contract, with
the object of introducing new methods
of construction that will reduce the
weight without minimising the strength,
bearing in mind that a vehicle of this
class is expected to give good service
for at least ten years. Recently a con-
siderable reduction in weight has been
secured by using lighter framing mem-
bers of wood reinforced by thin steel
plates, and by a modification to the
roof. In all, four to five cwts. have been
saved during the last two years. The
use of the lighter framing members has
not increased the cost of the vehicles :
although when they were first con-
sidered in 1931 the cost was found to be
prohibitive.

Fi1g. 3.—NEARSIDE REAR LOCKERS.

13



side and the individual items in cach
compartment are more clearly shown
in IFigs. 2 and 3.

The tools are neatly spaced out in

the upper locker as shown in I'ig. 2 and
to assist the gang in restoring the tools
to their proper place a gummed slip
showing a skeleton outline of the tools
in position is fixed to the back of the
locker. Immediately beclow the tool
locker various types of insulators are
kept in position by wooden pegs fixed
to the shelf and pole climbers, insulating
tails and other items are carried on
the floor. In Iig. 3 there arc pole
steps, brackets and insulator spindles
in the upper locker, and sash linc and
insulators in the lower locker.

Figs. 4 and 5 show the items carried
in the offside lockers. These include
coils of wire, lcading-in cable, various
insulator fittings, arm bolts, tension
ratchets, draw vices, and small stores.

Whenever possible a man  skilled
in fitting up subscribers’ apparatus is
included in the gang and the items of stores required
by him—cords, etc., and apparatus—are carried
in the offside locker towards the rear of the vehicle,
as shown in Fig. 1. The purpose for which the other
internal lockers are used is shown in Iig. 6.

O@ther features shown in Fig. 6 are the ladder hooks,
ladder lashing rings, wiring drums for paying out 40 b,
conductors, the opening at the front for the pole
heads and the gatc at the rear, shown folded back,
on which the pole butts are carried. The removable
horizontal roller raised above the floor, at the rear of
the vehicle, is used to facilitate the loading of poles
before the butts are lifted on to the gate.

The writing slope with an adjustable electric

F'16. 5.—OFrs1iDE REAR LOCKERS.

light (itting overhead is convenicntly near to the
locker for the foreman’s technical instructions,
progress reports, requisition books and other papers.
The top of this locker is sufficiently strong to carry a
3-in. parallel bench vice. '

Digging tools and stay rods arc carried under the
scat : arms, stay blocks and other heavy items, such
as pole lifting jacks, when required, are carried on
the floor in the gangway.

Pole-Carrying Iacilities.

I'ig. 7 gives two part views of the same vehicle
illustrating more clearly the method of loading and
conveying the poles. In the back view two poles are
shown, one with its head through the
opening at the front and its butt
resting on the gate at the rear of the

F1c. 4.—@¥rsint [FRonT LOCKERS.

) | vchicle, and the other pole with its
head resting on the horizontal roller.
The head of the second pole would be
supported by the roller until it reached
the opening in the front. When the
second pole had been pushed forward
to the samc extent as the other its
butt would be lifted off the roller on
to the gate. The right hand part of
the figurc shows the head of the first
pole projecting through the opening at
the front of the vehicle.

Before the vehicle is moved away from
the pole stack the heads of the poles
arc lashed to the rings provided at the
front of the vehicle and the butts to
thegate. The head of thefirst pole has
already been lashed. The roller is also
removed from its supports and carried
on the floor of the vehicle.

J Types of Chassis.
The Albion chassis has hitherto been



used exclustvely for this class of utility vehicle.
Recently it was decided 1o make a trial of Morris
chassis for this work and 35 arc included in the
total of 1,305 vehicles at the end of March, 1939.

Staff Accommodation.

The seating accommodation in the body is adequate
for five men and since the normal size of a gang is
four men including the foreman and driver, bothseated
in the cab, it is possible to convey other men—for
example, a jointer and his mate when their work lies
in the same direction—and to hitch their trailer
tool-cart to the vehicle. A spare number plate is
carried on each vehicle for attachment to a trailer.

Economic Use.

The cost of a utility vehicle is much greater than
that of a stores-carrying vchicle of the same load
capacity, hence the annual interest and depreciation
costs are greater. On the other hand a utility vchicle
conveys a gang direct to the job in the morning, and
from job to job during the day, :«tnd its use does not
entail any dead mileage @ consequently the cost of
transport per subscriber’s circuit is less. The radial
limit to which gangs are taken out and brought in

T16. 6.—INTERIOR OF Boby.

is about 15 miles. If the work is beyond this distance
the gang usually stays away from its headquarters
until the work is f{inished.

A requirement cssential to the economic use of
utility vehicles is a well designed system for the rapid
replenishment of the stock of stores and apparatus
as it becomes ecxhausted. The locker capacity is
sufficient for a three days’ supply of all normal items
used.

Great attention is being paid at the present time
to the development of facilitics for rapidly loading

utility vehicles. At headquarters where there is a
section stock mobile containers are being introduced
which will be wheeled to where the vehicle stands in
the garage. For vehicles which are stationed at a
town where there is no section stock, stores will be left
in locked containers or permanent lockups at some
convenient place near the garage, to be unpacked by
the foreman at his convenience.

re

F1G. 7.—PoLR-CARRYING FACILITIES.

Conclusion.

Minor adjustments will no doubt be required in the
future to suit special conditions, as the character
of the work is continually changing. That the 30-cwt.
utility vehicle has done much to reduce telephone
costs, and that it is an indispensable aid to the
development of the telephone service, has been
fully recognised; and the consequent growth of
the fleet, which has been most rapid in the last few
years, is shown in the following table which includes
the numbers of vehicles estimated for 1938-39.

30-cwt. I-ton | 10/15-crot. 135:::;,5 All other
Year Utility | Utility | Utility Utility types of
Vehicles | Vehicles | Vehicles | yropicfes | Vehicles
192526 7 — . 1106
1926/27 18 — — - 1306
1927/28 39 — — —_ 1443
1928/29 85 4 — 1624
1929/30 145 46 60 — 1816
1930/31 160 80 71 — 2130
1931/32 246 121 126 12 2439
1932/33 280 137 143 90 2709
1933/34 340 181 202 192 2800
1934/35 468 213 286 438 2963
1935/36 601 336 229 895 2969
1936/37 851 515 202 1669 2831
1937738 1180 808 183 2765 2882
193839 1305 953 183 3305 3072
(forecust)




Echo Effects in Relation to the European

Trunk Switching Plan

A. C. TIMMIS, Bsc, AM.LEE.

The problems arising from echo effects on long trans-continental trunk lines have been studied by the various
administrations concerned. This article reviews the work done in this country and defines the limits agreed at the recent
international conference in Paris.

Introduction.

HE question of the effect of electrical echoes
I on long lines with or without echo suppressors

was dealt with briefly in the course of a recent
article on the Trunk Switching Planl. The present
article is a more detailed discussion of the question
and should be read in conjunction with the article on
“ A Fast Operating Differential Echo Suppressor.’’2

Circuits WitHOoUT ECHO SUPPRESSORS.

Very soon after the introduction of 4-wire circuits
electrical echoes were noticed and experiments were
made to determine by means of judgment tests the
relation between echo time and the overall equivalent*
of a line for which the effect was just tolerable to a
speaker. The listener also hears an echo at the same
time as he hears the speaker’s voice, but this listener
echo may always be disregarded in practice since, if
the echo heard by the talker is tolerable, the listener
echo is invariably more so. The results of English,
American and Swedish tests were published by the
C.C.LT. in 1926. The curves are shown in Fig. 1.

B0 I CuRvES OBTAINED OY BRITISH POST OFFICE -
B~ = » » AT.& T.Co.
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Fi1c. 1.—MininuM EQUIVALENT LIMITED BY EcHoO.

It will be seen that these curves show the rela-
tion between echo time and the equivalent of
a trunk under terminal conditions, which
were assumed to be the most severe as 5

and its use has been discontinued by the C.C.I.F.
The terminal return loss may be calculated from
an impedance measurement by the usual formula :

Za "}‘ ZD
Return loss = 20 log,, 7 =7

where Z, = impedance of balance
and Z, = impedance of termination,

or measured directly as the difference in the losses
round the echo path of a differential transformer
when the 2-wire terminals are (@) closed by the
telephone or other termination, and (b) disconnected
or short-circuited. The terminal return loss of a
telephone with zero local line, which was used in the
first series of judgment tests, varies according to
frequency, but its lowest value in the noise range is
approximately 7 db. Therefore the total echo path
attenuation for a trunk equivalent of, say, 5 db. was
545+ 7=17db.

The results of later judgment tests have been
plotted to show the relation between echo attenuation
and echo time (Fig. 2), so that the curve expresses a
psychological relation, namely, the difference in
volume between speech and echo which, with com-
mercial telephone instruments, is regarded as tolerable
for a certain echo time. The echo curve obtained by
the A. T. & T. Co. and plotted on this basis was
adopted some years ago by the C.C.L.F.

Recent judgment tests made in this country have
given results in reasonable agreement with the curve
and an attempt has been made to extend it (as shown
dotted in Fig. 2) down to zero time by estimating
the tolerable volume of side-tone, regarded as an
instantaneous echo, but the curve is of little

regards echo, i.e. with a subscriber’s

telephone and zero local line at each end.
The attenuation of the echo path is made up

o

of the trunk equivalent in the go direction,

CIBELS),

NOTE :

ORDINATE = TWICE LINE EQUIVALENT +
TERMINAL RETURN LOSS.
NO ECHO SUPPRESSOR IN CIRCUIT

the loss in the reflection from the telephone
or other termination, and the trunk

(D

w
<}

equivalent in the return direction.

\\ N

The echo path attenuation is called echo
loss by American writers, and similarly the

reflection loss of the telephone or other

termination is called the terminal returnloss.
This quantity is practically identical with

TOTAL ECHO AETENUATI ON

the singing point of the termination measured

against the compromise balance (usually
600 ohms) at the end of the trunk. The term o

singing point is not a good one, however, /

1P.O.E.E.]J., Vol. 30, p. 32.

¢ P.O.E.E.J., Vol. 30, p. 186. 0
* Equivalent or overall equivalent is equal to the
net loss.
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importance below 20 milliseconds, as then the echo
is scarcely distinguishable from side-tone. The
American curve was extended to zero as a matter of
convenience, but it is recognised that the readings
are of doubtful value below 20 milliseconds.

During the judgment tests in this country an
ordinary handset telephone No. 162 was used most
of the time, but some tests were made with an anti-
side-tone handset (Telephone No. 232). The reference
equivalents of side-tone, under the conditions of the
test, were about 1 and 8 db. respectively. It was
found that the tolerable echo attenuation was about
4 db. greater with Telephone No. 232, according to
the average of several observers.

As would be expected with the normal or rather
loud speech volumes used in these tests, the side-tone,
even if it ceases before the echo is heard, reduces the
sensitivity of the ear for an appreciable time, and
thus tends to make the echo less audible. In practice
the echo is likely to be strong when the subscriber’s
line is short and the side-tone may also be loud. If
the subscriber’s line is of normal length the echo will
be weaker and, in general, the side-tone will also be
weaker, but there is no simple relation between side-
tone and length of line. The effect of impedance
may easily outweigh that of attenuation. Hence it
is unsafe to assume that weaker side-tone would
compensate for weaker echo and for this reason a very
short subscriber’s line was used in the echo tests
made here.

Telephones with considerable side-tone reduction,
such as Telephone No. 232, are not in general use at
present, but if their use becomes general it would
appear that the ordinates of the C.C.I.F. curve in
Fig. 2 should be increased. This would not have any
serious economic results as it would merely mean the
installation of a few more echo-suppressors.

In an article by Strecker® some echo judgment
tests made in the laboratory of Siemens & Halske are
described. In these tests arrangements were made
to adjust the side-tone from a reference equivalent
of 7 db. upwards. With a side-tone of 16 db. the
tolerable echo attenuation was raised about 5 db.,
which agrees fairly well with the results obtained in
Great Britain when the reference equivalent of side-
tone was increased from 1 to 8 db.

It may be mentioned here that side-tone was also
found to make a slight difference to the results of the
judgment tests made by technical observers on an
echo-suppressor circuit, but, in practice, a reduced
side-tone would cause a subscriber to speak more
loudly and therefore he would speak less often at the
very low level required to produce an echo on a trunk
equipped with an ccho-suppressor. It is, therefore,
concluded that side-tone has a negligible effect as
regards the echo on echo-suppressor circuits.

Combined Effect of Several Echo Paths.

The object of extending the curve down to short
echo times was to verify the assumption, made in the
A.T. & T. Co. method of computing echo effects, that
a number of intermediate echoes (such as occur on a

3 Investigations on intermediate and terminal echo-
suppressors for trunk lines, T.F.T., August, 1937.
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Fi1c. 3.—MuLTIiPLE EcHo PATHS.

long 2-wire circuit) could be added on a power basis.
This was investigated on an experimental circuit
consisting of two London-Leeds 4-wire trunks looped
back at Leeds and provided with adjustable echo
paths. The general arrangement is shown in Fig. 3.
Each of the echo paths A, B, C, D, consisted of an
attenuator together with an amplifier. The echo
path losses and times were as shown in Table I.

TasLE I.
Path " Echo Loss Echo Time
o ~ (db.) . (mS)
A 10 | 10-8
B 21 30-1
C 24 40-8
D 27 ‘ 50-8
E 31 \ 70-8

|

It will be seen that each loss was made 7 db. more
than the minimum tolerable loss according to the
P.O. curve of Fig. 2.

The method of computing echo effects now being
discussed involves two assumptions :(—

(1) The audibility of an echo, although a function
of time and loudness, can be measured by the
difference between the echo path loss and the minimum
loss according to the curve, the audibility, or
annoyance, regarded as tolerable by the observers
being taken as a datum. Thus an echo loss of 7 db.
more than the minimum means that the echo is 7 db.
below datum.

(2) The effective audibility of a number of echoes
may be obtained approximately by adding their
powers, expressed as fractions of the datum. When
the sum equals unity the total echo effect is just
tolerable.

The second assumption means that the echoes
combine, in their psychological effect, according to a
random addition law.

Since each of the five echo paths A to E has a
margin of 7 db. (a power ratio of 1/5) the sum of the
powers is unity, and the total echo should be just
tolerable. In order to eliminate differences of
individual judgment a rapid comparison was made
by several observers between the combined echo and
a single echo path (E) adjusted to a loss of 24 db.,
the value according to the curve. It was agreed by
all observers that the combined echo and the single
echo were equally tolerable in so far as two psycho-
logical effects, of somewhat different characters, can
be equated. Hence the two assumptions are justified.
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In applying the method to a long 2-wire circuit the
times and losses for each echo path are calculated and
set out in tabular form in Table II, which relates to
the typical 2-wire trunk, loaded with 176 mH at
2,000 yards, shown in Fig. 4. The five echo paths are
shown at the top of the figure. Since reflections (due
to impedance irregularities) actually occur throughout
a repeater section, it is assumed that the effective
echo time is that corresponding to the middle of the
section.

The echo loss, in each path, is most conveniently
obtained from the level diagram.

Cols. 1, 2 and 3 of Table II are self explanatory.
Col. 4 shows the minimum tolerable echo loss,
according to Fig. 2, and col. 5 is the difference between
cols. 2 and 4, i.e. the margin of echo loss in each path.

TaBLE II.—TvypricaAL EcHo COMPUTATION

1‘253}4‘5 6

Path ‘ Echo | Time Lcho

* Echo Minimum Margin "
I
|
1

. of Echo
No. . Loss | milli- Loss Loss Power Ratio
! db. ' secs.: db. - db.
1 18, 6 ° 0 | 18 0-02
2 18 © 15 | 6 (5) : 12 (13) ° 0-06 (0-05)
3 17 ‘ 25 | 11 (8) 6 (9) i 0-25 (0-13)
4 22 33 14 (10) 8 (12) ! 0-16 (0-06)
5 ; 18 i 36 . 15 (11) 3 (7 | 0-50 (0-20)
| . —
i \ } 1 | Total 0-99 (0-46)
| |

Minimum equivalent limited by echo to approximately 5 db.
for which the total of the power ratios=0.99 (0.46).

The method of computation is practically that
used by the A.T. & T. Co., but the column headings
are paraphrased. Moreover, it makes a considerable
difference whether the A.T. & T. Co. or the P.O. curve
of Fig. 2 is used. Figures corresponding to the
former have been inserted in brackets in the table,
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and it will be found that the equivalent must be
reduced to 3 db. to make the total of power ratios
equal to one.

There was some difference between the methods
used in obtaining the English and the Americancurves,
In both countries most of the speakers were experts
who tried to maintain a uniform criterion of the
magnitude of the echo effect at various echo times,
but the English speakers admitted the effect as
tolerable when they could just notice it, whereas the
American experts asked themselves whether the
effect would be tolerable in conversation, and after-
wards checked the results by observations on speakers
who did not know they were the subject of experiment.

The amount of echo which subscribers may
reasonably be expected to tolerate is very much a
matter of opinion, however, and it may be said that
the P.O. curve agrees as well as can be expected, in
view of the nature of the problem, with the American
curve adopted by the C.C.L.F.

Terminal Return Loss.

In computing echo effects on 2-wire and on 4-wire
circuits the terminal return loss is generally the
dominant factor. On a 4-wire circuit, of course, the
echo comes only from the terminal.

The value of terminal return loss to be used in
calculations depends on the chance of occurrence of
various values (which can be determined as closely
as desired by statistical methods), and on the
percentage of calls in which one is prepared to take
the risk of echo being noticed. This percentage
depends on economic and psychological factors and is
therefore a matter of experienced judgment.

Return loss measurements were made from the
international trunk exchange on forty-six typical
London subscribers’ connections. Each result was
“weighted ’ in accordance with the amount of
international trunk traffic at the exchange concerned,
and percentage distribution curves were plotted.

When a quantity which varies in a more or less
random manner between certain limits is plotted the
curve always has two bends as in Fig. 5. The present
problem is concerned with the upper bend only, for
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it is obvious that a low terminal return loss must be
chosen for design purposes and this will be exceeded
by the majority of connections. The shape of the
curves gives some help in deciding on the percentage
to be taken, since they bend over in the neighbour-
hood of 90 per cent. The return loss for 90 per cent.,
curve (a), is about 8 db. If a value of 6 db. were
selected it would be exceeded in almost 100 per cent.
of calls, which would be too much on the safe side.
On the other hand, if 10 db. were adopted it would
be exceeded in only 65 per cent. of calls. This is
hardly a safe majority. Hence it is a reasonable
compromise to take the 90 per cent. value.

The reasons for plotting curves (b) and (c) are the
following :—It was assumed by the A. T. & T. Co.
that the loudness of an echo depended on the minimum
return loss in the frequency range from about 500 to
1,500 c.p.s. To check this assumption, and compare
the terminal return losses measured here and in
America, (1) the return loss measurements were
made over the range 200 to 2,400 c.p.s., and (2) a
direct measurement was made of the distribution of
energy with frequency for typical echoes heard in an
ordinary telephone, the frequency response of the
echo path being flat. Two typical return loss curves
are shown in Fig. 6 and curve (b) of Fig. 5 was
obtained from the minima between 500 and 1,500 c.p.s.

It will be seen that the 90 per cent. value is 6 db.,
the same figure as obtained by the A.T. & T. Co.
This agreement was not unexpected, for subscribers’
line impedances are very similar, here and in
America.

The energy-frequency characteristic of an echo was
determined by means of a telephone and an artificial
ear connected to a Siemens & Halske ‘‘ sound spectro-
graph.” Various words were spoken into the trans-
mitter and, as expected, the spectrum was found to be
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very variable, but a peak always occurs about
1,200 c.p.s. and the power falls off rapidly on both
sides, being negligible above 2,000 and below 600 c.p.s.

In the course of these tests weak syllables such as
fifty, six, etc., were also recorded, and gave a similar
peak in the neighbourhood of 1,200 c.p.s. These
weak sounds are important on circuits equipped with
echo-suppressors and will be dealt with later.

It will be seen that the terminal return loss curves
in Fig. 6 fall about 2 db. between 1,200 and 1,500 c.p.s.,
but the energy-frequency curve of the echo falls
more rapidly and, as stated above, the energy is
negligible at the lower frequencies where the return
loss falls again. Hence the loudness of the echo
depends mainly on the echo path attenuation at or
about 1,200 c.p.s. The equivalent of the trunk being
constant over the range of frequencies considered, the
echo attenuation takes its shape from the terminal
return loss. In the P.O. telephone No. 162 (hand
micro-telephone) the transmitter and receiver com-
bine to produce a peak at about 1,200 c.p.s. If, as
seems very probable, transmitters and receivers are
improved during the next few years the peak will be
flattened out and the appropriate return loss will be
the minimum between 500 and 1,500 c.p.s. (curve (b) ),
or possibly over a wider range. But, before high
quality telephones have become general, improved
echo-suppressors will be available for those trunks
which need them. It is therefore convenient and
reasonable to assume that these two tendencies will
neutralise each other, and that for this country the
terminal return loss could be taken as 8 db.

At the recent Paris meeting of the commission
dealing with the European plan, however, other
administrations also submitted data regarding
terminal return losses. In France and Germany
the 90 per cent. value is decidedly lower than 8 db.,
and the response frequency of the microphones
differs from 1,200 c.p.s. In Sweden, on the other
hand, the terminal return loss is generally higher,
about 9 db., but for calculation it is evidently
necessary to take the lowest value likely to occur in
Europe, namely 6 db.

Listener Echo and '* Near Singing.”

The phenomenon of ‘‘ near singing ”’ was briefly
discussed in the previous article and it was pointed
out that an echo-suppressor prevented near singing
and thus allowed the circuit to be adjusted to a some-
what lower working equivalent. The matter is now
discussed in more detail.

When a circuit is adjusted to an equivalent only
2 or 3 db. above the value at which it is just stable,
in the talking condition every pulse of speech current
circulates back and forth over the circuit several
times before dying away, and is heard by the listener
as a multiple echo, mixed up with the received speech.
As stated earlier in this article, listener echo has
always been regarded as less troublesome than talker
echo, at least on loaded lines, but, with the intro-
duction of unloaded carrier systems, the question
arose whether the irregular frequency response
obtained when a circuit is near to singing would have
any influence on speech quality apart from the effect
of circulating (echo) currents. On a loaded trunk of
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The three types of suppressor
now widely used in Europe are :—
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(1) The valve type (bothway)
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moderate length the spacing of the peaks in the
frequency response curve is very close, so that they
would be expected to have no effect on articulation.
Actually, the frequency difference between peaks
equals 0-5/transit time. Hence, for an unloaded
circuit about a hundred miles long the peaks may
be 600 c.p.s. apart, as in the example in Fig. 7.
Speech tests were made with this circuit, using
ordinary and high quality instruments, but no effect
on articulation or quality could be detected.

This result suggests that the irregular frequency
response of a circuit having a small margin of stability
has no a_ preciable effect by itself.

The circulating currents which give rise to the
“near singing "’ effect differ from listener echo in
that their frequency is the frequency at which the
circuit would sing, determined chiefly by the terminal
conditions; whereas the dominant frequency of a
talker echo and the listener echo which is derived
from it is always in the neighbourhood of 1,000 or
1,200 c.p.s. because of the receiver and transmitter
characteristics. On a circuit having a long transit
time both the talker and listener echoes may be
noticeable, although at a low level. Conversely, if
the transit time is very short the echoes will not be
noticeable even though the level is high, but the
circulating currents in any circuit which is near to
singing are liable to be noticed since they may
traverse the circuit several times before being
damped out and thus produce an effect similar to
that of an echo on a long line. It will be evident
that the proper value of terminal return loss to be
used in calculating the margin of stability is the
minimum value within the ordinary equalising range
of trunk circuits, i.e. 300-2,400 c.p.s.

The percentage distribution curve of terminal
return losses on this basis is shown as curve (c) of
Fig. 5.

On a 4-wire circuit, or a 2-wire circuit with
moderately good repeater balances, the terminal
return loss is always the deciding factor as regards
both stability and echo.

CIrcUITS PROVIDED WITH ECHO-SUPPRESSORS.

As explained in the previous article, echo-
suppressors do not completely eliminate echo effects,
because their sensitivity is limited on account of
false operation by line or switchroom noise.
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(3) The (bothway) metal recti-
fier suppressor with differen-
tial action, invented by

Ryall and now standardised by the Post Office.

In all three types a tuned input transformer is
used, making the suppressor most sensitive in the
region of 1,000 c.p.s. Below this frequency the
sensitivity falls rapidly to reduce the risk of operation
by line noise. At higher frequencies the sensitivity
falls off much less rapidly.

The administrations represented on the mixed
commission were asked to supply operating data of
their echo-suppressors in order that the sensitivity
could be standardised. Definitions of operating time,
hang-over time, etc., were agreed and measurements
made with steady tone, and with noise.

When considering the limitations imposed by echo
effects on trunk equivalents, the operation of
suppressors by noise is of major importance. Noise
can enter the trunk from other lines such as aerial
routes subject to power induction, or radio links, but
generally comes from the operator’s transmitter which
picks up switchroom noise while a call is being set up.
The noise on a trunk fitted with an echo-suppressor
is almost invariably too slight to affect the suppressor.

Since the noise enters the trunk at a zero level
point the sensitivity of the suppressor is measured by
the level of pure tone (of that frequency for which it
is most sensitive) applied at the end of the trunk
which just operates the suppressor. This level is
known as the ‘“zero-level sensitivity "’ and is about
30 db. below 1 milliwatt for the three types of
suppressor mentioned above. A series of measure-
ments was made at London Trunk Exchange, using
an echo-suppressor of which the sensitivity could be
varied, to find the safe limit under working conditions.
A psophometer, having an instrument the time con-
stant of which is roughly that of the Western Electric
volume indicator, was connected across the input of
the suppressor so that the noise voltages could be
correlated to some extent with the operation of the
suppressor. This was of the metal rectifier type,
normally adjusted to give a suppression loss of 30 db.
with a zero-level input of 30 db. below 1 milliwatt,
i.e. the sensitivity was 30 db. The suppressor was
considered to be operated sufficiently to break an
incoming conversation when a certain value of (D.C.)
control current was reached in the rectifier networks.

The results fall into three groups :

(@) Inland and continental trunks never produced
sufficient noise to operate the suppressor unless they
were too noisy for service.



(b) Radio links, when so noisy as to be only just
workable, would operate the suppressor at a zero-
level sensitivity of about —25 db.

(¢) Switchroom noise picked up by a trunk
operator’s telephone would operate the suppressor,
at times, when the sensitivity was —35 db.

It was, therefore, decided that the normal figure
of —30 db. used in this country was safe and con-
venient, since the normal sensitivity of the German
suppressors is —29 db. Incidentally the sensitivity
of the relay type suppressors used in America is
—31 db,, so that a sensitivity of —30 db. has been
standardised by the C.C.I.LF. except where noisy
radio links are concerned. In such cases it may be
necessary to devise means for cutting out suppressors
or reducing their sensitivity to, say, —20 db. The
question is now being studied separately from the
preparation of the European switching plan, on which
it has no direct bearing.

Relation between Attenuation and Time for Echoes
which Escape the Suppressor.

The sensitivity of echo-suppressors for the Euro-
pean system being fixed, the next step is to decide
upon the allowable echo loss for weak sounds which
fail to operate the suppressor. This can only be done
by a large number of judgment tests, similar to those
used in making the curves of Fig. 2, except that the
observers use phrases containing very little energy,
such as “ fifty-six, not sixty-six,” or “ My goodness,
my Guinness,” and talk quietly. By carefully
adjusting the speech to a level low enough not to
operate the suppressor, but not so low that the very
faint echo is masked by line or room noise, it is
possible to get a fairly consistent relation between
echo loss and echo time. The upper three curves in
Fig. 8 were obtained in this way and agree reasonably
well with the results obtained by the French
administration. The curve for —20 db. sensitivity
is only of interest in connection with radio links.

But the condition of test is somewhat artificial
and the chance of its occurring in practice very small.

Probability of Occurrence of Syllables which fail to
operate a Suppressor.

An attempt has been made to estimate the proba-

bility from the available data as regards talking

40

volume and the occurrence of weak syllables in
ordinary speech. For an audible echo the following
conditions must occur at the same time :

(1) Attenuation of talking subscriber’s line and
trunk junction must be less than, say, 3 db., and the
receiver of normal efficiency; otherwise the echo
will not be heard. The probability is, say, 1 in 8,
based on 1 in 2 for short subscribers’ lines and 1 in 4
for short junctions.

(2) The talking volume must be weak enough not
to operate the suppressor, but not so weak as to be
masked by noise. It was noticed in making the
judgment tests that the allowable range of volume
was only about 6 db. The echo is noticed only on
weak sounds, which are about 12 db. below the loud
parts of speech by which volume is measured. (This
figure was obtained as the mean of five observers,
using a volume indicator.) Hence weak syllables
35 db. below ‘‘ reference volume,” which just fail to
work the suppressor, correspond to a talking level of
—23 db. This level may, as explained above, fall to
—29 db. From the curve of talking volumes observed
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at London Trunk Exchange (Fig. 9) it will be seen
that the chance of this range of volumes occurring is
1 in 4.

(3) Terminal return loss at distant end must be as
low as in the judgment tests, i.e. 7 db. The chance
of this (from Fig. 5, curve (a) ) is 1 in 20.

(4) Weak sounds capable of

producing an echo must occur
at least every 10 words (say 50
times in a call) if they are to

AT LT co be noticed by a subscriber. A
fairly good estimate of this

probability was obtained from

an analysis of English speech
made in connection with articu-

lation testing. The weak sounds

occur about once in four words.
Hence the probability is 10/4.
Thetotal probabilityis the pro-

duct of (1), (2), (3) and (4), namely
1,1 1 10 1
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Such a chance would appear to
be negligible.
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This calculation, however, will not serve to decide
the curve of echo loss to be adopted for design
purposes. As for circuits without echo-suppressors, the
amount of echo which the subscribers can be expected
to tolerate is a question of experienced judgment, but
we are now concerned with an effect which only
occurs very rarely in contrast with an ordinary echo
which is heard when the subscriber is talking at a
normal volume.

Experience gained in the operation of zero
loss trunks in this country has suggested an
upper limit for the design curve, and there is
reason to assume that the shape of the curve should
be the same for ordinary conversation as for the
special phrases used in the judgment tests. The
curve marked Provisional British Design Curve in
Fig. 8 was drawn on this basis. Later the results of
judgment tests made in Berlin by members of the
Reichpost staff, using ordinary conversation, were
found to agree very closely. The two points obtained
as the means of a large number of observations are
shown on the German Post Office Curve in Fig. 8.
The German observers were perhaps somewhat more
critical than a non-technical subscriber would be,
even if an habitual user of the international telephone
service. Hence, after discussion of these results, the
C.C.LLF. requested certain administrations to arrange
for judgment tests by senior members of their tech-
nical and traffic staffs who would be in a position to
make a compromise between expense on the one hand,
and risk of complaints on the other.

More than twenty members of the engineering and
traffic staffs made conversation tests in London on a
line specially set up, with an echo time of 70 milli-
seconds. The echo attenuation was adjusted to three
values :—

Value (1) Infinite—i.e. no echo at all.

Value (2) 6 db.—the appropriate value for this
echo time according to the tentative design curve
proposed by the writer and confirmed by tests
made in Berlin.

Value (3) 1 db.—corresponding to a line equivalent
21 db. lower than would be given by the design
curve.

Opinion was practically unanimous that value (3)
represents an amount of echo which might be noticed
very occasionally but would involve no risk of com-
plaint, while value (2) gives an echo which is quite
unnoticeable by a subscriber.

It was impracticable to obtain a longer loop when
these tests were in progresss, but the shape of
the curve had already been well established by
previous judgment tests. The main question at issue
was whether the curve should be moved bodily up or
down. It appeared from the tests that the design
curve could safely be lowered 2 or 3 db. Hence the
proposed planning curve in Fig. 8, which was recom-
mended to the C.C.I.F.

The practical effect of this curve taken in con-
junction with a terminal return loss of 6 db. is that an
overall equivalent of 1 db. between exchanges,
corresponding to the zero loss trunks used in Great
Britain, would be safe as regards echo up to an echo
time of 130 milliseconds.

Taking the German curve, the echo time for the
same ordinate of 8 db. is 100 milliseconds, which
corresponds to 1,000 miles of 44 mH loading.

After considerable study the mixed commission
decided to adopt, for use in calculations, the German
curve which ensures that echo would practically
never be noticed by a subscriber.

In making these calculations the A.T. & T. Co.’s
method of computing echo effects, which applies both
to circuits with and without echo-suppressors, was
used, with the appropriate judgment curve for those
echo paths which contain the suppressor. For
example, suppose a long 2-wire trunk, AB is con-
nected through a 4-wire circuit, BC, provided with an
echo-suppressor, to another long 2-wire trunk, CD.
When the subscriber at A speaks at normal volume
the suppressor will be operated and the only echoes
heard will arise in AB. On the other hand, if the
subscriber speaks too quietly to operate the suppressor
echoes will be heard from all echo paths between A
and D. But the faint echoes from AB, having rela-
tively short times, may be neglected in comparison
with those from CD. Two calculations are therefore
made by the method already described : one for AB,
using the curve of Fig. 2; and the other for BD,
using one of the curves in Fig. 8. Whichever calcula-
tion gives the greater total echo power is taken as the
limiting condition and the equivalents of the three
circuits must be adjusted accordingly.

Later echo calculations were made for various
extremely long international calls, such as from
Londonderry to Gévle (Sweden).

Two important results emerged from the calcu-
lations. First, international trunks may be
worked at zero equivalent in the transit condition
(that is, when connected to other trunks at
each end) without risk of echo or instability.
Secondly, international trunks could not safely
be adjusted to zero equivalent in the terminal
condition (that is, when connected to local lines at
each end) until the variations of equivalent which
now occur have been brought within the recom-
mended limits. When this has been done it should be
practicable to introduce the system of zero loss trunk
working, which is used in Great Britain with complete
success, to those parts of the European network where
traffic is heaviest and where, consequently, its
advantages in speed and simplicity would be most
valuable.

The author wishes to acknowledge the assistance
of Mr. R. E. Jones, who was responsible for the
measurements and echo judgment tests carried out in
this country.

22



The Belfast-Stranraer Cable
Carrier System

E. M. RICHARDS, B.sc,,A.C.G.I, M.ILE.E.
and F. J. D. TAYLOR, Bsec.

The recent rapid growth of trunk telephone traffic, aided by the removal of the special cable charge over this route, has

necessitated the provision of additional circuits to Northern Ireland. This article describes two new concentric submarine cables

which have been laid to cater for this trattic and gives details of the associated land lines and carrier equipment. Initially

a1l + 3 and one 12-circuit carrier equipments have been installed and further circuits over the same cables will be provided
by the addition of further 12-circuit systems, as required, to give a maximum of 100 circuits.

Introduction.

IMULTANEOUSLY with the development of
Smulti—channel carrier systems on underground

cables, this method of obtaining larger numbers
of circuits is also being adopted for main submarine
cables. Tt has been employed on the Anglo-Dutch,
the Port Kale (Scotland)—Donaghadee (Northern
Ireland), and the North Wales—Ireland submarine

cables, all of which were laid during 1937 and are of
the same detailed design. The Anglo-Dutch 1937
cable has already been described!. This article gives
details of the submarine cables, the land cable exten-
sions and the equipment employed on the Belfast-
Stranraer system. Both the Dutch and Northern
Ireland schemes utilise P.O. carrier equipment Nos.
4 and 5 (audio 4 4 carrier circuits and 12 carrier

WHITEHEAD

DONAGHADEE

STRANRAER
PORT PATRICK REPEATER

STATION

BELFAST
| [ ! )
Date Conductor | Dielectric .
! Number| Weight Weight |Length
Cable T of |'of Cores| Ibs. per Ibs. per | Nauts. | Remarks
aymg " Naut. Naut.
A 1879 | 4 107 150 | 235 | Telegraph Gutta-
percha
B 1888 4 ‘ 107 1 150 256 | Telegraph Gutta-
i[ | percha
1 | 1870 4 | 107 [ 150 22:0 | Telegraph Gutta-
" | percha
2 1893 4 160 300 24-4 | Telegraph Gutta-
percha
3 1921 4 169 ’ 1956 21-7 | Balata Insulated and
| ‘ continuously load-
i ed, for Telephone
| working
4 1937 1 508 ‘! 690 21-0 | Paragutta Insulated.
| Concentric type
6 1937 | 1 508 690 21-3 | Paragutta Insulated.
| Concentric type.
|

circuits respectively).

CABLES

Fig. 1 shows the cables between
Scotland and Northern Ireland. The
four cables laid in 1870, 1879, 1888
and 1893 are 4-core telegraph gutta-
percha cables, but have been utilised for
telephone working. The 1921 cable was
laid for telephone working, being balata-
insulated and continuously loaded. Part
of the telephone traffic between Great
Britain and Northern Ireland is also
carried by the Blackpool-Isle of Man-—
Ballyhornan cables, and by a radio link
between Ballygomartin near Belfast,
and Port Patrick. The five pre-1937
cables shown in Fig. 1 have recently
been operated so as to provide nine
telephone circuits and one 18-channel
V.F. telegraph system.

During the period September 7th to
14th, 1937, the cable ship ‘‘ Faraday ”
laid between Port Kale, Wigtownshire
and Donaghadee, County Down, two
concentric type, paragutta dielectric
submarine cables, and the acceptance
tests made immediately after laying
proved the cables to be satisfactory.
One of the cables (No. 4) follows fairly
closely the route of the No. 1 cable laid
67 years ago, and the other one (No. 5)
is a little to the south. The No. 1 cable
is still working, but should it become
faulty it may not be possible to repair it.

The No. 4 and No. 5 cables land in
Scotland at the somewhat rock-strewn
beach known as. Port Kale. Owing to
the difficulty in obtaining an electric
power supply at the Port Kale hut, the
cables are continued overland for about
0'9 nautical mile, in separate trenches
6 feet apart to a new building near
Port Patrick, which will later contain
repeaters when additional circuits are
provided at higher carrier frequencies

F1G. 1.—SUBMARINE CABLES BETWEEN SCOTLAND AND NORTHERN IRELAND,

1P.O.E.E.J., Vol. 30, p. 222, October, 1937.
23



than those employed in the initial stages. In order to
protect the diclectric from the deleterious effects of
exposure to the atmosphere, the land scctions have
a lead sheath 0-04 inch thick and are armoured with
steel tapes.

A cable having a solid dielectric is essential on the
route between southern Scotland and northern
Ireland owing to the depth of water, which exceceds
140 fathoms in parts. Although, for the compara-
tively short submarine route of approximately 21
nautical miles between Port Kale and Donaghadee
(about one-quarter the Iength of the Anglo-Dutch
cables), satisfactory transmission over a fairly wide
frequency range ceuld have heen obtained by the use
of a much smaller gauge conductor than one weighing
508 Ibs. per nautical mile, the nccessity for keeping
to a minimum the number of types of submarine
cable which must be stocked for repair purposcs,
combined with the low attenuation, were determining
factors. Advantage of the low attenuation ol the
heavy gauge conductor will be taken by using the
cable over a wide frequency range, probably up to
about 450 kc.p.s. eventually. IFurthermore, no
repeaters will be required at the submarine cable
terminals until carrier frequencies above 60 kc.p.s.
are uscd, and since the land section between Port
Patrick and Stranraeris only about 8 miles no repeaters
will be required at the former place until carrier
frequencies higher than 156 ke.p.s. are used, i.c. until
44 circuits have been provided on the two cables.
The low attenuation length of the submarine section,
combined with the high singing points obtainable due
to the uniformity with which this type of cable can
be manufactured, alsoincreases the number of channels
because several stable duplex circuits can be worked.

Fig. 2 is a cross section of the cable and indicates
clearly the make-up of the main submarine portion,
the shore end and the land section. Iiig. 3 is a
photograph of the bays containing the hybrid trans-
formers, balance filters, cable terminations, and
system and directional filters at Donaghadee. The
submarine cable terminating panel, which can be

seen at the bottom of the
bay, containsthree terminals
to which are connected the
centre core, the six copper
return tapes and the armour
ing. The U-link box used to
terminate the balanced-pair
land cables, referred to later,
can be seen at the top of
the bay.

The attenuation-frequency
characteristics of the sub-
marine cables are very closely
the same as those shown for
the Anglo-Dutch cables® up
to 70 kc.p.s. Fig. 4 gives the
attenuation values measured
on @ short length up to
2,000 ke.p.s. and also shows
the contribution of the
dielectric losses to the total
attenuation. As an interest-
ing comparison, the total
attenuation per nautical mile
at 2,000 kc.p.s. and 60° I,
is 10-7 db., whereas the value
for the London-Birmingham
coaxial cable in which the
diclectric is mainly dry air,
is 7-1 db.

The comparable diameters
(i,e. over the dielectric)
for these two cables are 0-62 in. and 045 in. respec-
tively ; hence, although the paragutta cable has the
larger diameter, its attenuation is greater, due to the
use of a solid dielectric. Nevertheless the dielectric
losses which result from the use of paragutta arc
considerably smaller than those which would be
given by the earlier types of gutta, particularly at the
higher frequencies.

Other constants of the submarine cables, including
the results of clectrical measurements made after

Tig. 3.—Camie TeRMINA-
TIONS AT DONAGHADEE.

LAND PORT.@N laying, arc as follows: No.4 No.5
[GUte varn] ! PAPER WRAPPING | ) i Cable Cable
ZSTEEL TAPES A T N R TaTRCT Length (nautical miles) 21-:04 2131
EACH 0:030"THICK | @ D.C. resistance of central conductor
FABRIC TAPE at d7°L. s per naut.).. w25 -
t 57°k. (ohm t 2261 2:260
— Capacitance (microfads per nant.) 0-202  0-202
TETTT centraL conouctor | Insulation resistance after clectrifica-
g S50LID COPPER WIRE 0 . .
guEtALL A O e tion for one minute (megohms per
COPPER TAPES 0:015" THICK naut ) 67 000 70'000
12 NO.2 SWG L 2 g -
byl [Fannoorva o-eav o] ]o(tl:]ll weight to)f central conductor 508
- hs. per naut. i g s |
RETURN _CONDUCTOR Weigl tl f ‘(t ] luctor (it .
- L |5 corses Tases: srois: cight of return conductor (Ibs. per
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F16. 4 —ATTENUATION CHARACTERISTICS OF SUBMARINE
CABLE.

Inpedance-Frequency Characteristics.

In order to permit of duplex or ““ 2-wire ” working
on the cable, thereby providing the maximum number
of circuits, the specification required each cable to
have, between 0-3 and 16 kc.p.s., a singing point
against its own smooth mean curve of at least 10 db.
more than the cable attenuation. This allows the
construction of 2-wire balances to give a sufficient
margin of stability to avoid any tendency to “ sing.”
It is interesting to note that the specification covered
the impedance-frequency characteristics of the cable
up to 400 kc.p.s. These stringent requirements
entailed careful selection for jointing of the manufac-
turing sections, each of which was approximately
one nautical mile in length. The worst singing point
realised between 0-3 and 400 kc.p.s. was about 36 db.

Utilisation of Frequency Band.

The 1 4- 3 type carrier equipment (audio 4 three-
carrier circuits) uses the frequency band from 0-3 to
16 kc.p.s. with carrier frequencies of 6-0, 9-2 and
12:5 kc.p.s. The P.O. No. 5 type carrier equipment
(12 carrier circuits) uses the frequency band from 12
to 60 kc.p.s., with carrier frequencies of 16, 20, 24,
etc., to 60 kc.p.s. Lower sidebands only are trans-
mitted in each system. There was already existing
between Stranraer repeater station and Port Patrick,
and also between Belfast repeater station and
Donaghadee, a 38 pair 40 1b. paper-core quad trunk
cable containing eight pairs loaded with 18 milli-
henry coils spaced at 0.284-mile (500 yards) intervals.
These pairs, as will be seen from Fig. 5, are divided
into two groups and were balanced during laying for
4-wire working, one group constituting the “ Go”
circuits and the other the “ Return” circuits. The
two main groups of the cables are separated in a
rather unique manner by the use of diametrical
screening fillets of metallised paper. The metal used

is aluminium, and the screening paper is wrapped in
plain paper to avoid the risk of contact with the
conductors.

The theoretical cut-off of the 18 mH loaded pairs
is 175 kc.p.s., and taking 0:75 of this as the upper
working limit of frequency gives approximately
13 ke.p.s. It was therefore decided to use in the
submarine cable the audio and three carrier circuits of
the No. 4 type carrier system (requiring a nominal
range of frequencies from 0-3 to 12:5 kc.p.s.) and to
extend these four circuits from Port Patrick and
Donaghadee to Stranraer and Belfast respectively on
the 18 mH loaded pairs.

Assuming an audio frequency range of 0-3 to 2:7
ke.p.s., the maximum frequency required to be
transmitted is 12-2 kc.p.s. The lowest channel of the
12-circuit carrier equipment has a carrier frequency
0f 16 kc.p.s. and a nominal band of 12-0 to 160 kc.p.s.
but, as the lower sideband only is transmitted, the
lowest frequency required to be transmitted is 16-:0—
2-7=13-3 kc.p.s. Hence there is the frequency band
from 12-2 to 13-3 kc.p.s. between the two systems
which may be used to allow the separating filters to
develop sufficient attenuation. These system filters
are installed at the submarine cable terminals, and
the 12-circuit system carrier circuits are extended at
each end on two ‘ balanced-pair” cables laid
especially for the purpose to both Belfast and Stran-
raer. One of these balanced-pair cables carries the
“Go " circuits and the other the * Returns.”

Fig. 6 shows the scheme at the Belfast end in block
schematic form and illustrates the position of the
“ emergency " filters.

The arrangement at Stranraer is similar to that at
Belfast with the following exceptions :

(i) The 2-wire-4-wire terminations are omitted
and half repeaters are also fitted in the transit
direction of all channels.

(i) The audio change-over “ U’ links are fitted on
the receive side of the 12-channel equipment.

(iii) The “receive’’ channels on the voice circuits
are equipped with half repeaters No. 25a.

METALLISED PAPER
SCREENING FILLETS

O O O

44 m H.QUADS 18m H QUADS 22m H.QUADS
F16. 5.—PoRrRT IXALE—STRANRAER COIL-LOADED CABLE.
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It will be seen that the 1 + 3 type equipment works
on a 2-wire basis in each submarine cable and 4-wire
on the land sections, and that the 12-circuit carrier
system equipment is 4-wire throughout between
Belfast and Stranraer. At the submarine cable
terminations (Port Patrick and Donaghadee) specially
constructed hybrid transformers and balances designed
to match the cable impedance up to 12-5 kc.p.s. are
provided to permit the conversion from 2-wire to
4-wire working. The arrangement gives a total of

BELFAST

12 CHANNEL
EQUIPMENT
~TRANSMIT

|

for another 4-wire circuit. This arrangement provides
on one submarine cable 4 duplex circuits and 5
circuits working on a 4-wire basis during breakdown
conditions, a total of 9 circuits.

The change-over to the emergency condition is
effected as shown in Fig. 6 by removing U-links on
the change-over field, fitted on each cable terminating
bay at Belfast and Donaghadee, from the normal to
the emergency position. The changes which it is
necessary to make on the audio side of the 12-circuit
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F1G. 6.—ScHEMATIC DIAGRAM SHOWING INITIAL CIRCUIT PROVISION,

20 circuits in the frequency band from 0:3 to 60-0
kc.p.s.

Emergency Conditions.

A breakdown of one of the submarine cables would
cause a complete failure of the 12-circuit equipment,
but only one of the audio 4 3-circuit carrier systems
would be affected. Hence, in order to avoid the loss of
16 circuits due to a submarine cable fault, emergency
filters are provided at the carrier terminal stations.
Their function is to divide into two parts the frequency
spectrum normally occupied by the 12-circuit system
so as to provide 5 “Go” channels in the lower
portion of the spectrum (12 to 32 kc.p.s.) and 5
“ Return ”’ channels in the upper portion (40
to 60 kc.p.s.). Although the frequency band from
32 to 40 kc.p.s. is more than sufficient to permit
the emergency filters to develop sufficient attenua-
tion to separate satisfactorily the frequencies of
the two directions of transmission, it is not wide
enough to provide, in addition, two more channels
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equipment are also indicated in Fig. 6 ; the U-links
required are fitted on the repeater test rack.

Music Circuits.

Since it is desirable that the systems should be
capable of transmitting music, arrangements have
been made for the portion of the frequency spectrum
occupied by the voice and lowest two carrier circuits
on each cable system (i.e. up to about 9 kc.p.s.) to
be used for single-channel transmission in either
direction. This is effected by replacing, when
necessary, the band filters of the bottom three
circuits by a single low pass filter with a nominal
cut-off of 9-2 kc.p.s.; the arrangement is included
in schematic form in Fig. 6. The repeaters 36A give
satisfactory transmission down to 50 c.p.s. It will
be appreciated that the use of a music circuit means
the loss of three telephone circuits, but that the
fourth circuit of the system concerned is not affected.



Balanced Pair Cables.

The cable pairs on which the 12-circuit system
carrier circuits are extended from the submarine
cables to the repeater stations at Stranraer and

PAPER TUBE

SCREEN g LEAD SHEATH
&+1 SPIRAL 0:8 BANTIMONY |
COPPER TAPES || THICKNESS 0-08
THICKNESS 0003
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Fi1g. 7.—TwiN CABLE WITH SELF-LOCATING CONDUCTORS.

Belfast (which are the terminals of the carrier
portions of these circuits) must be capable of satis-
factory operation from a frequency of about 12 ke.p.s.
up to the highest frequency which can be employed
on the submarine cable. Briefly, the requirements
of the cable pairs are an attenuation at the highest
frequency which can be dealt with by the amplifiers
in the circuit, and satisfactory immunity from cross-
talk and external interference at all frequencies. The
cross-talk between coaxial type cables in which one
conductor is at earth potential becomes rapidly worse
at lower frequencies. The reverse is experienced with
pair-cable in which each conductor of the pair has
approximately the same impedance to earth. A pair-

cable, being balanced or symmetrical with respect to
earth and other circuits, is also very much less
susceptible to external interference. Hence it was
necessary to employ pair-cables, each pair having
sufficient screening to make cross-talk satisfactory at
higher frequencies. The type of cable chosen was the
balanced-pair cable with self-locating conductors
which is illustrated in Fig. 7.

This cable is of the twin or pair type and has two
conductors of 0-080 in. diameter (102 Ibs./mile)
which are self-locating in the paper sheaths. The
“ crimps ' or waves in the conductor which support
it in the paper tube are 2 inches apart and have an
amplitude of approximately 0-13 in. from the mean
position. Successive crimps are in planes at angles
of 90°. The two cores are twinned together with two
paper wormings, lapped with paper and then with
seven copper screening tapes 0:003 inch in thickness,
and finally sheathed with a ternary lead alloy to an
overall diameter of approximately 0-93 in. The two
cables are drawn into the same duct-way and the
joints, made at intervals of about 250 yards, are filled
with a compound which has a low dielectric loss.
This will effectively prevent any moisture which may
enter due to a fault in the lead sheath, from travelling
far along the cable. The side separation between the
two conductors gives a low mutual capacitance and a
correspondingly low attenuation.

It was this type of cable which was laid in London
during early 1937 for television purposes.® Its trans-
mission characteristics are shown in Fig. 8. It will
be observed that the wvelocity of propagation
approaches very closely to that of light and is practi-
cally constant from about 10 kc.p.s. upwards. The
mean modulus of the impedance at higher frequencies
is 186 ohms.

s P.O.E.E.]J., Vol. 30, p. 215.

10
8
6 /‘
-~
3000 A o
. /'
W ol _ 2oo.ooo§
5 w2 [T — iz VELOCITY i
x \E—=2 2 g 100,000
& o8 [EET ) [+
o 0-6 [E90 — 8 E
.4 [490 % = n
2 94 [300 > A NN A ; w
Do i’OUé - 1] B . E
S ul LA IMPEDANG I
o 100 2 / >
-o G
S o oy S
= .04 e w
< >
Z 0
E
< 00!
1 2 34567891 2 3456789 2 34567881 2 3456789 2 34567891 2 3456789
oot o 1 10 100 1000 10000

KILOCYCLES PER SECOND.

F16. 8. —TRrANSMISSION CHARACTERISTICS OF BALANCED PAIR CABLE,

27



S

Bay | 3 3 4

F1c. 9.1 4 3 CARRIER 1LIQUIPMENT.
Other constants (average of the two cables),
measurced after laying, are as [ollows :

Stranraer-
Belfast- Port
Donaghadee. Palrick.

Length (Statute miles) .. 1814 7-18
D.C. resistance (ohms per loop
mile) .. ¥ ; 17-31 17-32

Mutualcapacitance (microfarads

per mile) T i 0-0333 0-0332
Insulation resistance, wire-to-

wire, after electrification for

one minute (megohms per

mile) .. T i S 220,000 750,000

M anufacturers.

The paragutta submarine cables were manufactured
by Messrs. Submarine Cables, Ltd., and laid by the
cable ship “ Faraday.” Messrs. Siemens Bros. & Co.,
Ltd., were awarded the contracts for the manulacture
and installation of the audio + 3-circuit carrier
equipment and for the balanced-pair cables and
Messrs. Standard Telephones & Cables, 1td., provided
and installed the 12-circuit carrier equipment.

1 + 3 TypE CARRIER KQUIPMENT
General.

In principle the 1 + 3 type cquipment used in this
instance is similar to the 1 + 4 typc equipment
(Carrier system No. 4) described by Messrs. Halsey
and Millar in this JournarL?. The cquipment differs
in the following details :

(a) Carrier frequencies of 6, 92 and 12-5 kc.p.s.
only are required.

(8) When there arc enly two systems to be fed with
the carrier voltages the use of amplifiers
between the carrier generators and frequency
changers is unnecessary.

¢ POEE.J, Vol 29 pp. 226 and 294,

(¢) The frequency changers, filters and repeaters
differ in circuit details.
A photograph of the cquipment is shown in
I'ig. 9 and the components will now be considered
individually.

Carrier I'requency Generators (Oscillators No. 174,
B and C).

Three oscillators generating frequencies of 6-0,
9-2 and 12-5 kc.p.s. are provided on each side of the
carrier generator bay (Bay 1). These oscillators work
continuously and circuit arrangements are such that,
in the event of a breakdown of any oscillator, the
change-over of a *“ U " link on the affected oscillator
transfers the load to the corresponding “ spare”
oscillator on the opposite side of the bay.

It is, of course, essential that the oscillators shall
maintain a frequency close to their nominal frequency
and that the corresponding oscillators at the ends of
the systems shall be as nearly as possible in
synchronism. As two of the carrier frequencics con-
cerned are not harmonics of 10 kc.p.s.—an accurate
source of which is available in London—a check
against this frequency is impossible ; it is therefore
neccssary, from time to time, to check the carrier
frequencies against a variable frequency oscillator the
performance of which is accurately known. The
synchronism of the oscillators at the distant ends of
the systems may readily be checked by beating them
together, or by using other well-known methods which
do not involve the direct application of the carrier
frequencies to line.

When the system was designed it was thought that,
in order to provide the necessary frequency stability,
it would be necessary to cnclose the oscillating circuits
(condenser and inductor) of each oscillator in a
temperature-controlled oven, and space for such
ovens is available on the oscillator bay. Experience
has shown, however, that the oscillators so far are
reasonably stable without these precautions.

Fine control of the oscillator frequency is provided
by a variable condenser which may be adjusted and
clamped from outside the oscillator cover with the
aid of a screwdriver.

The output voltage, normally 2 + 0-2 V, of any ol
the oscillators may be checked by voltmeters,
mounted one on each side of the bay, and which may
be associated by switches with the oscillators.
Adjustment of the output voltage is made by varying
the tapping on the feedback resistance to the
oscillator valve and, if necessary, by adjusting the
setting of the coupling unit.

In form, each oscillator consists of an electron
coupled oscillator circuit with a pentode buffer
amplifier stage, negative feedback being ecmployed to
give stability. The output of an oscillator with an
anode supply voltage of 130 and with a load of
50 ohms is 360 mW.

Modulators and Demodidators (Frequency Changers
No. 2).

The frequency changer units, which are combined
modulator and demodulators, are identical for all
channels, cxcept, of course, that different carrier
frequencies are applied to the individual units. A



spare frequency changer is provided and the circuit
is arranged so that, in the event of a failure of any
unit, the three “ U ” links on that unit are moved
from the ‘“normal’ to the ““spare’’ position, the
correct carrier frequency is applied to the spare unit,
and the circuit restored to service. The carrier
frequency is connected to the spare frequency
changer by plugging a cord into sockets on the
frequency changer bay to connect the carrier output
terminals of the frequency changer to the carrier
frequency required.

As excessive modulation of the carrier may involve
interference, speech voltage entering a modulator
circuit must not exceed a predetermined figure. The
“ limiting ** of the applied voltage is effected in a
manner identical with that employed in the 1 4 4
type equipment. After being subjected to “limiting,”
speech frequencies pass via a low-pass filter to the
modulator ; the sidebands produced are applied to a
band filter which accepts the lower sideband only
and passes this via the line amplifier to line.

Sideband frequencies received from line are
equalised, amplified and passed via the receive band

filters to the demodulator side of the frequency

changers. The audio frequency output from the
demodulators is at a level of approximately —15 db.;
hence channel amplifiers are required to bring the
speech frequencies to a level suitable for application
to the line or terminations.

As in the original design, the modulators and
demodulators employ copper oxide rectifiers arranged
in a bridge formation. The arrangement of the
bridge used in this equipment is illustrated in Fig. 10.

T INPUT T
— T —{— T —

O CARRIER
~ FREQUENCY
©  suPPLY

l( OUTPUT l

Fi16. 10.—ScueMATIC CIRCUIT OF MODULATOR.

The degree of carrier suppression is, of course,
dependent upon the degree of balance of the bridge,
and this is controlled in the modulator by a potentio-
meter as shown in Fig. 10. There is no such potentio-
meter in the demodulator network. In practice the
degree of carrier suppression is such that the level
of leak of each carrier frequency obtained at the
common point of the band filters is of the order of
—175 to —80 db.

Channel Filters (Filters Frequency Nos. 30 and 24).
The band filters have a performance similar to

those of the No. 17 type ; they have the same number
of sections and the same “ m "’ values were used in
their design. The filter components are built in units,
each unit being enclosed by a screening can ; there
are three such cans in each carrier channel band
filter and two in those of the voice channels. After
assembly each can is filled with wax and the lid
soldered in position. This construction tends to
ensure stability of the filter characteristics with time
and change of humidity.

In addition to the filter proper, the audio channel
transmit filter (Filter Frequency No. 24) carries the
voltage limiting transformer and rectifier unit.

Line Awmplifier (Repeater No. 364).

Valves V.T. 113 and 114 are being used in place of
the valves V.T. 106 and 107 employed in the original
design ; otherwise the unit as used in this equipment
is identical with that described in Messrs. Halsey and
Millar’s article.

One repeater per station is required for each system,
and an additional unit is provided as spare. In the
event of a breakdown of one repeater the spare unit
may be brought into use by patching cords between
the relevant “ U " link sockets on the repeater bay.

In addition to the repeaters, the repeater bay
(Bay 3, Fig. 9) carries the line equalisers, one of
which is associated with the incoming cable pair of
each system. The equalisers which were used when
the systems were first brought into use were designed
prior to the laying of the submarine cables, and did
not, therefore, take into account any discrepancies
between the calculated and realised performance of
the cables, or effects due to the presence of hybrid
equipment at the cable huts. From insertion-loss
measurements made after the laying of the sub-
marine cables, new equalisers have been designed and
will subsequently replace the temporary equalisers.
It may be mentioned, however, that the performance
of the temporary equalisers would have been adequate
had it not been desired to make possible the trans-
mission of music with a minimum of frequency
distortion.

Test Equipment.

A bay of test equipment (Bay 4, Fig. 9) is situated
adjacent to the carrier equipment bays. The equip-
ment provides the following facilities :

(i) Valve rejection test.

(ii) Measurement of levels in the range —40 to
+ 15 db,, i.e. all input and output repeater
levels likely to be met with in practice.

(i) Speaking and listening facilities on the voice
channels.

(iv) Exceptionally, the levels at various points in
the carrier channels may be measured.

The test bay equipment comprises a milliwatt
oscillator (Oscillator No. 13C), two low-pass filters
(Filters Frequency No. 29) the function of which is
to separate the voice channels for measuring and
monitoring purposes, a Repeater 36A which amplifies
low-received levels to a degree suitable for applica-
tion to the decibel meter, a valve tester (Tester
R.P. 471) which is used for testing the valves used
in the Repeater No. 36A, a decibel meter, telephone
circuit equipment and minor apparatus.
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Circuit arrangements are such that a test circuit
having zero loss may be set up and applied to the
points of which the level is required. The tapping
loss of the test circuit at a 150 ohm point is negligible.
Should the level to be measured be lower than the
minimum measurable by the decibel meter the test
circuit may be given a calibrated gain until the rauge
of the deccibel meter is reached. Speech in either
direction is possible by tapping at the repeater input
and output “ U links; this facility is, of course,
available only when the voice channel is not actually
in traffic,

The valve tester is essentially a Repeater No.
36A without feedback, and the normal gain of such a
unit is of the order of 70 db. ; a pad of 65 db. is,
thercfore, inserted in the input circuit to reduce the
overall gain to about 5 db. One of cach type of valve
to be tested is inscrted in the tester and heater
currents adjusted to normal. The overall gain is then
indicated on the decibel meter connected to the
output of the tester. 1By means of a key the heater
current in either valve may be reduced by 10 per
cent. ; the change of gain under these conditions is
then noted. As the change of gain will depend upon
the condition of the emission of the valve a change
larger than a predetermined normal figure will
indicate that the valve concerned has reached the end
of its efficient life.

It is generally found that the measurement of levels
on the audio channel will provide sufficient indication
that all is, or is not, normal in the equipment as a
whole. Ixceptionally, it may be found desirable to
measure levels on the carrier channels; if this is
necessary the whole of the system under test must be
taken out of service and measurements made on cach
channel individually. This facility is provided for on
the test bay by a lkey which cuts out of circuit the
low-pass filter which normally excludes carrier
frequencies from the measuring circuit.

Performance of the 1 + 3 Type Carrier Equipment.
Mcasurements made on the cable circuit and
temporary equaliser showed that, with an input level
of -{- 18 db., the output measured as a level across a
termination of 1,000 ohms varied from 30-8 db.
at 100 c.p.s. to 33-4 db. at 12 kc.p.s. When the
permanent equaliser is available the overall charac-
teristic will be considerably flatter than this and will
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remain reasonably f{lat down to a frequency of
58 c.p.s. Typical channel characteristics are shown
in Fig. 11. Speech over the circuits is of excellent
commercial quality.

Due to the facts that the overall cable insertion loss.
(including equaliser) was not constant with frequency
and that, owing to the shortness of the distance
between Stranraer and DPort Patrick, the cable
impedance at Stranraer was very irregular, it was
neccssary on some channels to adjust the equipment
to give levels differing somewhat from those dictated
by a consideration of the ideal conditions, i.c. amplifier
and demodulator outputs arc not the same for all
channels. This, however, does not affect the perform-
ance of the equipment to any extent and the audio
levels at Delfast are thosc applicable to circuits
having an overall equivalent of 3 db.

It is perhaps of interest to note that the use of
repeaters having such a high basic gain (ie. the gain
without fecdback) as that of the Repecater 36A
made necessary the employment of special con-
struction to reduce cross-talk. It was found necessary
to provide the individual anode alarm relays with
screens and to scrcen the high-level links on the
repeater “ U ”” link panel from the low-level links.

12-Circutr TyrE CARRIER EQUIPMENT
(P.O. CARRIER SysTeyM No. 5)
General.

This equipment is similar to that installed on a
number of routes in other parts of the country. The
principles underlying the operation of the equipment
have been described in this JourNaL®, and a general
description of the apparatus as manufactured by
Messrs. Standard Telephones & Cables, Ltd., follows.
A detailed description is outside the scope of this
article. "

Bay 1 2 3
Fic. 12.—12-Circuir CARRIER JEQUIPMENT.

A photograph of the equipment installed at
Stranracr is shown in Fig. 12, and the apparatus may
convenicntly be divided into three groups:

SP.O.E.E.J. Vel 29, Part 3, p. 220.




(i) Carrier generating equipment (Bay 1).
(ii) Channel equipment (Bay 2).
(iif) Amplifier equipment (Bay 3).

Carrier Generating Equipment.

This apparatus, which is mounted on a double-
sided bay (Bay 1) comprises two master oscillators
(one working and one spare), four multi-frequency
generators and associated equipment. The master
oscillators generate a frequency of 4 kc.p.s. which is
stable to within narrow limits. The working master
oscillator controls the frequency of the four multi-
frequency generators, each of which has three output
frequencies, i.e. one osclllator has output frequencies
of 16, 20 and 24 kc.p.s., the next 28, 32, 36 kc.p.s.,
and so on. The twelve carrier frequencies produced
by the multi-frequency generators are passed through
tuning units before being applied to the channel bays.
The function of the tuning units is to ensure a good
wave form in the carrier supplies. The loads offered
by the frequency changers are such that twelve
systems can be driven from one set of multi-frequency
generators. Normally a duplicate set of multi-
frequency generators is provided on a separate bay,
and these can quickly be brought into use by the aid
of keys if required; in this particular instance,
however, the relatively small number of circuits
concerned does not warrant the provision of the
duplicate equipment.

Channel Equipment.

This comprises transmitting and receiving band
filters, frequency changers, voltage limiters, and
channel amplifiers. The operation of the equipment
is similar to that described briefly for the 1 4 3
equipment.

Speech frequencies received from the 2-wire
termination or 4-wire circuit are applied, as is usual
in carrier systems, to the modulator via a voltage
limiter. The limiter is of the transformer and neon
tube type, the tube striking with an applied level of
the order of + 3 db. Attenuating pads are provided
prior to the modulator proper and these are brought
into circuit as required in order that the correct
working level may be applied to the modulator. On
either side of the modulator, and on the carrier
frequency side of the demodulator, networks are
provided, the function of which is to assist, by
impedance mismatch reflections, in the overall
equalisation of the circuits.

After passing through the low-pass filter on the
output side of the demodulator, speech frequencies
are amplified by a single-stage amplifier and applied
to the termination or to the transmit line.

The transmit and receive band filters are un-
balanced. It is of interest to observe that each
combined inductor and condenser unit is built into an
airtight can; this form of construction gives a very
stable filter characteristic as the units are independent
of changes of humidity, and external fields cannot
affect the resonant frequency of the units.

Amplifier Equipment.

The system is equipped with a transmit and receive
line amplifier (with a spare if required), line equaliser,

and grid battery supply panels. These units are
fitted on one side of a bay as illustrated in Fig. 12,
Bay 3.

The line equaliser consists of a number of sections
which, being of the constant impedance type, may be
connected in series to provide the total line equalisa-
tion required. Approximately 32 db. of equalisation
over the range of 12-60 kc.p.s. can be provided. The
line amplifiers are of the negative feedback type and
have three stages of amplification giving a maximum
gain of about 65 db. The design of the inter-stage
coupling units is such that a very flat gain-frequency
characteristic is obtained and phase change kept to a
small value. Pentode valves are used except for the
last stage in which a co-planar grid valve is employed.
The use of the co-planar grid valve gives the amplifier
a large power-handling capacity with the relatively
low anode voltage (130 volts) available and helps to
keep harmonic distortion to a minimum. The large
amount of negative grid bias required (approximately
50 volts) is obtained from a dry-cell battery mounted
adjacent to the repeater.

As the band filter impedance is 600 ohms and that
of the line usually approximates to 138 ohms, the
transmitting and receiving amplifiers are designed to
have corresponding input and output impedances.
In order that the spare unit may be used in either
capacity, an impedance transforming network is
provided adjacent to the unit and is brought into
circuit when required.

Normally, intermediate amplifier stations wre
required between the system ends. The amplifiers
employed at these stations are similar to those used
at the terminal stations.

12-Circust Carrier Equipment Installed at Stranraer
and Belfast.

As no intermediate amplifier stations are involved
the equipment consists simply of one oscillator bay
and two channel and repeater bays at each of the
terminal stations.

At Belfast the equipment is adjusted so that input
and output levels (audio) are those applicable to 3 db.
circuits. At Stranraer the level presented to the
modulators is — 4 db., while the output from the
channel amplifiers is -+ 6 db., a level which is suitable
for direct application to line.

The frequency response curves of three typical
channels are shown in Fig. 13. Speech over all
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channels is of excellent quality and is free from cross-
talk and noise.
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Equipment at the Cable Huts.

Each submarine cable is terminated on a separate
bay at the cable huts. These bays carry, in addition,
the terminations of the balanced pair cables, system
filters, hybrid transformers and balance equipment.
The filter, hybrid and balance* equipment were
designed and constructed by the Research Branch
of the P.O. Engineering Department.

The high-pass and low-pass system filters are on
the submarine cable side of the hybrid transformer.
It is, therefore, necessary that the filter equipment
be reproduced in the balance, which thus consists of
a network simulating the submarine cable together
with two filters similar in construction to the actual
system filters. The performance of this equipment
is such that, over the whole of the frequency range
concerned, a singing point between line and balance
of not less than 35 db. is obtained.

Circuits Provided.

The manufacturers’ 30 days’ maintenance period
for the submarine cables expired in the middle of
September, 1937, and four temporary circuits, two
on each cable, were put into service early in October.
These circuits were as follows :—One London-Belfast,
one Glasgow-Belfast and two Liverpool-Belfast. The
permanent 1 4 3 circuit equipment providing eight
duplex circuits was tested and accepted by the Post
Office Engineering Department during the first week
in November and the circuits were put into service.
The 12-circuit carrier equipment was also accepted
during November, 1937, and is in service.

Future Developinents.

With the added impetus given by the recent
removal of the special submarine cable charges for
telephone calls on this route, considerable increase
in the traffic is anticipated, far beyond that which
can be catered for by the 20 new circuits already
provided. TFurther circuits will be obtained by
providing additional 12-circuit terminal equipments
at Belfast and Stranraer in the normal range of 12
to 60 kc.p.s.; a group of 12 such circuits will then
be “ group-modulated ”’ so as to occupy the frequency
band from 60 to 108 kc.p.s.: a second 12-circuit
carrier system will be group-modulated to the
frequency band 108 to 156 kc.p.s. ; this process will
be repeated in a similar way to that in which the
groups of 10 circuits on the London-Birmingham
coaxial cableare translated to higher frequency bands.®

The following schedule shows the frequency bands
to which 12-circuit type equipment will be “ group-
modulated ” and the corresponding group carrier
frequencies which will be employed for a range of
transmitted frequencies up to 300 kc.p.s. The total
number of circuits thereby provided on the two cables
will be 80, including the eight duplex circuits. It is
possible that other means may be adopted to provide
circuits at frequencies above 300 kc.p.s.

$ P.0.E.E.J., Vol. 30, p. 206.

Nominal \
12-Circuit Transmitted ' Group Carrier
Equipment | Frequency Range Frequency
ke.p.s. ~ ke.ps.

No. 1 12 to 60 | -

No. 2 60 to 108 120

No. 3 108 to 156 168

No. 4 156 to 204 216

No. 5 204 to 252 264

No. 6 252 to 300 312

The circuits will pass over the balanced-pair cables
at each end and the submarine cables on a 4-wire
basis (i.e. “ Goes "’ will be on one cable and *“ Returns "
on the other), and group-demodulators at Belfast and
Stranraer will tranglate the frequencies back to those
of the normal 12-circuit carrier range, whence they
will pass to the carrier terminal equipment for con-
version to audio frequencies.

Equipment has already been ordered to provide
24 additional circuits by this means. The valve type
group-modulators and demodulators, and the inter-
mediate line amplifier at Donaghadee rendered
necessary by the increased attenuation at the higher
frequencies, will be provided by the Research Branch
of the P.O. Engineering Department. The inter-
mediate line amplifier will be designed to pass the
initial 12-circuit carrier band as well as the two
additional bands, thus operating over a frequency
range of 12 to 156 kc.p.s. No intermediate amplifier
will be required at Port Patrick until still higher
frequencies are employed, as the distance to Stranraer
is only 7-2 miles whereas Donaghadee is 18:2 miles
from Belfast. The existing cable termination building
at Donaghadee has been considerably enlarged and
improved to provide for the equipment and power
plant. The new Port Patrick repeater station is also
designed to accommodate the line repeaters and
power plant which will ultimately be required. With
the addition of each block of circuits the emergency
arrangements may be revised so as to split the total
frequency band in use into two approximately equal
portions and so provide, in the event of a submarine
cable breakdown, about half the normal number of
circuits on one cable. This would entail replacing the
emergency filters by others having the appropriate
cut-off frequencies.

The ultimate limit to the total number of circuits
obtainable is governed mainly by the power level of the
resistance noise inherent in the cables. As this is of
the order of 140 db. below a milliwatt.and as a signal-
to-noise ratio of at least 55 db. is required, with normal
transmitted levels the limit is reached at a frequency
corresponding to a submarine cable attenuation of
about 85 db. This attenuation will be reached (see
Fig. 4) at a frequency of about 450 kc.p.s. Hence it
is anticipated that a total of approximately 100
telephone circuits can be obtained on the two
submarine cables.

The authors are indebted to Mr. F. S. Hudson for
the photographs of the equipment.
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The Belfast-Stranraer 9-Circuit Ultra-Short

Wave Radio Telephone System

D. B. Mirk, B.sc., M.LEE.

(Standard Telephones & Cables, Ltd.)

Details of the equipment and performance of the recently installed ultra-short wave radio link between Scotland and
Northern Ireland are given. The system is novel in that nine telephone channels are provided on one carrier in each
direction.

Introduction.

HE attention of engineers has been directed
for a considerable time to the possibilities of

transmitting more than one communication
on a single radio carrier frequency. This problem
raises many considerations such as the availability of
the necessary bandwidth in the ether, the elimination
of intermodulation difficulties between the channels,
and the obtaining of a sufficiently high signal-to-noise
ratio for each individual channel when the available
transmitter power is divided between the channels.

The long and medium waveband did not appear
promising for multi-circuit use in view of the first
consideration, and in 1931 experiments were made in
the short waveband on the circuits between Madrid
and Buenos Aires. In 1932 experimental two-way
working was carried out over a lengthy period on this
circuit employing one telephone and one telegraph
circuit, operated simultaneously. At that time the
short wave communication bands were not so crowded
as they are at present and, during normal ether
conditions, the signal-to-noise ratio was sufficiently
high to permit simultaneous operation on the two
circuits.

The problem of elimination of intermodulation was
solved by the use of the displaced sideband system?;
it permits placing a number of channels on a single
carrier, the relationship between the channels and the
carrier being such that intermodulation products
between channels are eliminated. The combined
band, which included the telegraph and the telephone
circuit, occupied approximately 3,000 c.p.s. band-
width, and it was displaced from the carrier by an
equal amount. Thus the two-circuit system occupied
12 kc.p.s. of ether space. The trials, lasting several
months, were extremely satisfactory.

Due to the increasing use of the short waveband
for long-distance broadcasting, it was nevertheless
felt that, unless the total bandwidth of the carrier and
two sidebands could be reduced, multi-circuit working
in the short wave field would not be of great interest.
Based on the short wave single sideband work done
by the Le Matériel Téléphonique (L.M.T.) labora-
tories?, the Dutch P.T.T. developed a system based
on the single sideband principle, comprising three
telephone circuits and one telegraph circuit for
operation between Holland and the Dutch East
Indies. This system halves the ether space required
by the Madrid-Buenos Aires system.

The bandwith limitations imposed by the use of
short waves led the L.M.T. laboratories to investigate

1 “The Spread Sideband System on Short Wave Telephone
Links,” by L. T. Hinton, Elecivical Communication, October,
1931.

3 “ The Single Sideband System Applied to Short Wave-
lengths,” by A. H. Reeves, Electrical Communication, July,
1931.

even shorter wavelengths in the ultra-short wave
range (1-10 metres) and in the micro-ray range (1
centimetre to 1 metre) with a view to ascertaining the
requirements for multi-channel operation and the
limitations of the system.

In the years 1932 to 1936 considerable work was
carried out in the 1-10 metre band by the British
Post Office, although in the present paper we can do
no more than briefly mention the results. In 1932 a
single-circuit equipment was put in operation by
the Post Office between Cardiff and Weston-super-
Mare on a wavelength of 5 metres. This was followed
in 1935 by the operation of six single-circuit equip-
ments between Scotland and Ireland operating on
twelve frequencies between 4 and 6 metres, and in
1936 by the installation of an ultra-short wave link
between Guernsey and Chaldon giving two circuits
on wavelengths between 5 and 8+5 metres. This work
together with the advice and co-operation of the
British Post Office engineers has been of very great
assistance in the production of the 9-circuit ultra-
short wave equipment which forms the subject of the
present article.

Although micro-ray wavelengths undoubtedly
provide the necessary bandwith for multi-circuit
operation, micro-ray as compared with ultra-short
wave technique is relatively less developed. Con-
sequently the practical development of multi-circuit
radio communication has taken place in the ultra-
short waveband and has resulted in the production
by Standard Telephones and Cables, Ltd., of the 9-
circuit equipment now in service between Belfast and
Stranraer. ’

Belfast-Stranraer System.

The 9-circuit ultra-short wave equipment provides
nine 4-wire telephone circuits between two points
which are separated by about 35 miles, and between
which optical visibility exists. On the Irish side, the
radio station is at Ballygomartin, about five miles
from the Belfast exchange; the Scottish station is
at Enoch Hill, about five miles from Stranraer
repeater station.

The system is designed for operation on wave-
lengths between 60 and 85 Mc.p.s., limits which are
most suitable for high grade telephone circuits.? A
carrier frequency of 76 Mc.p.s. is used in one direction
and 83 Mc.p.s. in the other.

The system operates on a 4-wire basis from the
input to the transmitters to the output of the receivers.
Feedback between the “ Go” and ““ Return ”’ paths
is eliminated by the use of different wavelengths, and
polarisations in the two directions of transmission, as
well as by adequate shielding of the circuits, at voice
and intermediate frequencies, in the equipment.

3 *“ Ultra-Short Wave Communication,” by E. H. Ullrich,
Electrical Communication, July, 1937.
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FiG. 1.—THl AERIALS AND STATION BUILDING AT STRANRAXR.

The 4-wire terminating sets can be located at the
radio stations, but on this system are placed at the
Belfast and London trunk exchanges. From these
exchanges the circuits are connected by regular 4-wire
repeatered cables to the radio stations at Ballygo-
martin and Stranraer, respectively.

The equipment is designed for unattended operation
and 1s capable of complete remote control from the
nearest telephone exchange. Spare equipment is
provided, part of which is brought automatically
mto operation on the occurrence of any abnormal
condition, and the whole apparatus is protected by
safety circuits from the possibility of damage due to
breakdown. Both transmitting and receiving equip-
ments derive their whole power supply from the
public supply mains, the only battery used in the
equipment being that for the operation of the remote
control relay system.

A Diesel clectric power plant is arranged so that,
in the event of failure of the public supply, it will
automatically take over the load approximately one

BUFFER
UNITS

minute after such failure and thus avoid
serious interruption of the service.

The transmitting, receiving and power
equipment for the whole system is housed
in one small frame building (LFig. 1).
The Diesel power plant is located in a
separate brick building close to the radio
building.

The arca occupied by the station is
quite small, being mainly taken up by
the antenna arrays. In choosing the
sites, particular attention was paid to
the proximity of sources of electrical
interference as well as the question of
available  power supply and optical
-visibility of the complementary station.t

GENERAL PRIXCIPLES OF OPERATION
Transmitlers.

The transmitter, shown schematically
in Iig. 2, is of the multi-channel type
transimitting  all nine channels on  a
single radio carrier  frequency. IEach incoming
conversation passes through its own c¢hannel
producer and buffer stage to the intermediate
frequency busbars. From the busbars the whole nine
channels modulate either the service or reserve ultra-
short wave transmitter, and thence pass through a
changeover switch to the transmitting antenna. The
system of transmission is shown in the right-hand
column of Fig. 3.

Let it be assumed that the input of channel No. 1
is supplied with a sinusoidal tone of frequency
f; ke.p.s. This tone modulates a channel-producer
having a frequency of, say, 155 kc.p.s., resulting in a
carrier frequency of 155 ke.p.s. together with upper
and lower sidebands of (15541;) and (155—f,) kc.p.s

If channel No. 2 be supplied with a sinusoidal tone
input of frequency f,, this will modulate a channel-
producer frequency of, say, 163 kc. p.s., resulting in a
carrier frequency of 165 ke.p.s., and upper and lower

4« Ultra-Short Wave Communication,” Ly . LL. Ullrich
Electrical Commumication, July, 1937.

CHANNEL

PRODUCERS INPUT LINC -
i oo i :
LEVEL
—O=—_ MONITORING
0 sacks JACKS ;
oo &
]| a

TRANSMITTER l—N MODULATION
[:] TRANSFORMER

—1 AERIAL
CHANCE-OVER
——RCLAY PANEL

111

TRANSMISSION LINC TO ACRIAL

TRANSMITTER MODULATION
A TRANSFORMER

|
—
LINES

g =
l——

o

|

T
oo .
I i My SR
0 g ”
] G [ ap e
0

Fic. 2.—Breck ScHEMATIC OF TRANSMITTER.

34



RECEPTION

FREQUENCIES

FREQUENCIES

DELIVERED BY

USW. TRANSMITTER

BAND
TRANSMITTED

BY MODULATION

f— RADIATED BY
AERIAL SYSTEM '50“"‘_'50—8"‘8— 150 —+f— 150 —+]

0'93

29
OUTPUT
CURRENT 1

2 Q

RECEIVER 4 b 150 8

TRANSFORMER

f2 £3 f4 f5 fe £7 fe f9
DITTO SHOWING
COMPONENTS | | | | | | g%hrnp?ﬁs oF
ACCEPTED BY
channel - 10 OO OO OO OO OO OO OO0 OI0  cranse
SELECTORS 3 & 8 PRODUCERS
b4 + [17]
0
o
e 150 1
FREQUENCIES CHANNEL
ACCEPTED BY PRODUCER
CHANNEL SELECTOR | 1 OUTPUT
Nal ASSUMINC my Y v 0 ASSUMINC
CHANNEL CARRIER 5 g Dy ™ CHANNEL CARRIER
OF 155 ) Y 0 o OF 155
wn 8 + &
u 0 8 0

OUTPUT | 1 CHANNEL

CHANNEL Ty g INPUT

No.l. g &

TRANSMISSION

ALL FREQUENCIES ARE IN kc.p.s,
F16. 3.—FREQUENCY SPECTRUM.

sidebands of (1654-1,) and (165—1{;) kc.p.s. Similarly,
channel No. 3 may have a carrier frequency of
180 kc.p.s., and so on to the ninth channel, of which
the carrier frequency might be 280 kc.p.s.

The bands of frequencies derived from the nine
channel producers, after passing through the buffer
stage are added together on the busbars, producing
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in total a frequency band extending from (155—f;)
to (280-+f) kc.p.s. This total frequency band is now
used to modulate the output of the ultra-short wave
transmitter having a carrier frequency of, say,
76,000 kc.p.s. and therefore produces a lower sideband
extending from 76,000 — (2804fy) to 76,000 —
(165—1;) kc.p.s., the carrier wave of 76,000 kc.p.s.
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and an upper sideband extending from 76,000
(1565—1,;) to 76,000 + (280+fy) kc.p.s. This band of
frequencies, about 600 kc.p.s. in width, is radiated by
the antenna system and transmitted along the ultra-
short wave path.

Receivers.

At the receiving end the incoming band of
frequencies described above passes from the antenna
through the changeover switch to either the service
or reserve ultra-short wave receiver as will be seen by
reference to Fig. 4. The system of reception is shown
in the left-hand column of Fig. 3.

The superheterodyne type receiver amplifies and
steps the carrier frequency down to an intermediate
value which is fed to the second detector. The
second detector reproduces the original sideband
extending from (15656—f;) to (2804-fy) kc.p.s. This
band of frequencies is then applied to a bank of nine
selecting circuits operating as band-pass filters. The
currents of frequency (155—f,), 1565 and (155+f;)
kc.p.s. are passed by the first selector circuit to a
third detector and amplifying circuit, which delivers
the original frequency of f; kc.p.s. to the first channel.
Similarly, the frequencies of (165—f,), 165 and
(1654-1,) kc.p.s. are passed by the second filter to a
detecting and amplifying circuit, which delivers the
original frequency f, to the second channel. In this
manner, the whole band of frequencies delivered by
the second detector is split up, detected, amplified
and delivered to the appropriate channel.

The carrier frequency of the ultra-short wave
transmitter and the beating oscillator frequency of
the superheterodyne receiver are both crystal-
controlled and maintained constant to within very
close limits. Thus a high degree of selectivity is
attained in the receiver without the necessity of
frequent retuning.

Antenna System.

In order to minimise interference between the
transmitting and receiving waves, the plane of
polarisation of the waves emitted at the transmitting
aerial is at right angles to that of the waves received
by thereceiving aerial. At one terminal, therefore, the
transmitter is equipped with an aerial system
designed for vertical polarisation, whereas the
receiver is fitted with an aerial designed for -
horizontal polarisation. At the other terminal, “ez-
the receiving aerial is vertically and the
transmitting aerial is horizontally polarised.

The foreground of Fig. 1 shows a vertically
polarised array consisting of eight inverted s
“V* aerials arranged side by side. The
horizontally polarised array is in the tackground
and consist of four horizontal Rhombic aerials .
stacked one above the other. No6

The gain of each of the arrays is approxi-
mately 18 decibels in the direction of propaga-
tion over a vertical or horizontal dipole. This
means that the directive antennz contribute
some 36 db. gain to the circuit. If this gain
were concentrated at the transmitting end,
a 300 kilowatt transmitter would be necessary
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to give the same receiver input with dipole antenna
at both ends.

The aerials are connected to the station by means
of overhead 2-wire transmission lines.

General Performance.

Before describing the apparatus in detail, some of
the performance figures of the Belfast-Stranraer
system are given. These show that the design of the
system permits adaptation to the regular long-
distance telephone networks. Overall circuits which
include a 9-circuit link, can, therefore, be treated in
exactly the same manner as any other long-distance
wire or cable circuit.

For any individual “ Go " or ““ Return” channel
operating as part of a 4-wire system, the transmission
performance is :

(a) Within the frequency range of 250 to 2,750 c.p.s.
the transmission equivalent of any one channel
does not depart by more than 2:5 db. from that
at 800 c.p.s.

() Each transmitting channel may be adjusted so
that normal modulation is obtained for any
given level between zero and —20 db. referred
to 1 mW.

(¢) Each receiving channel may be adjusted so that
normal modulation gives an output of any
given level between zero and + 15 db. referred
to 1 mW.

The transmitting and receiving equipments on
the Belfast-Stranraer link normally operate at
a gain of zero from the transmitter input of any
channel to the receiver output of the same
channel. The possibility of using the maximum
overall gain of 35 db. depends, of course, on the
layout of the overall circuit.

() With the transmitter adjusted for maximum
modulation and with the receiver adjusted to
give an output of approximately zero (1
milliwatt), the tone/noise ratio is of the order
of 45 db.

When the equipment is adjusted as described
under (¢), the crosstalk due to any other
channel is practically non-existent and cer-
tainly not detectable by ear.
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{g) The transmission equivalent of any channel at
800 c.p.s. does not normally vary by more than
4+ 3 db. A typical level diagram showing the
variation of level over seven consecutive days
for several channels is shown in Iig. 5.

(7) The equipment is designed to match incoming
and outgoing lines of 600 ohms impedance,

() The power consumption of the complete set,
including that of the 9-channcl transmitting
equipment and of the 9-channel receiving
equipment, is less than 4 k.

DEscrirrioNn 0¥ TRANSMITTER

Radio Channels.

The nine incoming circuits from the local telephone
exchange are taken to triple jacks on a line jack pancl
so that connection may be made by plugs to the
incoming line, or to the transmitter input circuit, or
the line may be bridged.

From these jacks cach incoming circuit is taken
through a potentiometer to the input transformer of
a 2-stage audio frequency amplifier, the output of
which modulates the channcl-preducer carrier. A
portion of the output of this amplifier is led back for
monitoring purposes to level jacks mounted on the
line jack panel. The channel-producer high stability
oscillator, giving the appropriate channel frequency,
drives a screened pentode amplifier which is suppressor
grid-modulated by the audio output of the amplifier.

The modulated carrier at the channel frequency
thus obtained is passed through a low impedance
transmission linc to a network which presents a high
attenuation to currents of any frequency outside the
band of this channel. These ** buffer networks”
reduce the coupling between the channel-producers
to zero, thus preventing intermodulation in the
producer output pentodes. The buffer units are
assembled in pairs, cach panel carrying the buffers
corresponding to two channels, the fifth panel
carrying one buffer only. Xach buffer is connected
by a switch to common busbars which thus carry the
total frequency band obtained by adding the outputs
of all nine channcl-producer panels. This switch is so
arranged that, for testing purposes the buffer may be
disconnected from the busbars and a non-inductive
resistance connected across ils output to simulate
the normal operating load. The output of
a diode rectifier connected across this
resistance is led back for monitoring the
depth of modulation on the channel
producer.

The busbar output is fed to the modula-
tion transformer designed to pass the
necessary wide frequency band and fo
plate-medulate the ultra-short wave trans-
mitter.

The carrier frequency on the ultra-short
wave transmitter is controlled by a specially
cut, quartz crystal with an exceedingly
small temperature co-cfficient. The crystal
oscillator output drives a screened pentode
valve at a frequency twice that of the
oscillator. This pentode amplificr excites a
frequency multiplying stagewhich drives the
push-pull output stage of the transmitter.

The latter is modulated by the combined outputs
of the channel-producer units from the modulation
transformer. Two sections of the modulation trans-
former carry the plate currents of the {wo push-pull
amplifier valves.

The transmitter unit contains filter circuits which
not only prevent ultra-high frequencies from entering
the channel-producers but also prevent radiation of
the channel frequencies by the antenna system.
Incorporated in this circuit are the necessary networks
for matching the impedance of the balanced output
stage to that of the 600 ohm transmission line. The
output leads of the transmitter unit include thermo
junctions connected through suitable filters to a pair
of ammeters which indicate the feeder line currents.

The modulation transformer panel also carries
filter equipment and meters indicating the plate
currents of the final stage ultra-high frequency
amplifying valves.

In addition to duplication of the ultra-short wave
transmitter—common to all nine channels—two
modulation transformers are provided for convenience,
one for each transmitter. Arrangements are such
that the service transmitter and its modulation
transformer are automatically replaced by the reserve
transmitter and its associated transformer if certain
faults occur. The transmitters are connected to the
600 ohm feeder linc by an acrial changeover relay
panel containing relays which connect the trans-
mission linc to the service transmitter or to the reserve
transmitter as determined by the control circuits.
The arrangement of the control circuits is described
below in detail.

Monitoring and 1esting Cireiits.

Two sets of facilities are available for monitoring

the operation of the transmitter :

(@) The incoming line level may be monitored at the
line level jacks ;

() The audio output of each channel modulator
can be adjusted to a standard level by means
of level jacks and a volume indicator.

lesting facilitics are provided to line up indepen-

dently any channel-producer unit for the correct
output level, percentage moduiation, etc., thus

I'rc. 6.—Ti TRANSMITTER Bavs,



ensuring the highest transmission efficiency for the
equipment as a whole.

Mechanical Constriction.

The various panels of the multiplex transmitter
arc mounted in five steel cabinets (Fig. 6). Recading
from left to right : bay No. 1 contains the ultra-short
wave transmitter, modulation transformer panel and
threc channel producers; bay No. 2, the aerial
changcover relay panel, monitoring panel and five
buffer units ; bay No. 3, the spare ultra-short wave
transmitter and spare modulation transformer panel
together with three channel producer units; bay No. 4,
the three channel producer units; and bay No. 5,
the three power distribution switching pancls and the
main power isolation switch panel.

All five transmitter bays are protected by a lock
safety system, which is interlocked with the four
transmitter power bays described below in the section
“ Transmittier Power Supply.”

DESCRIPTION OF RECEIVER.
Radio Circuits.

The ultra-high frequency currents delivered by the
receiving antenna system to the 600 ohm transmission
line arc brought first to an acrial changeover relay
arranged to connect the incoming line to either the
service or reserve receiver.

The received currents are amplified by an ultra-
high frequency pentode and then pass to a frequency
changer valve. The beat frequency oscillator is con-
trolled by a quartz crystal with a very low temperature
coefficient, the fourth harmonic of this oscillation
being amplified by a screencd pentode stage and
appliecd in the cathode circuit of the frequency
changer. The intermediate frequency output passes
to the I.TF. amplificr, which contains three indirectly
heated screened pentode amplifying valves operating
as a wide band amplifier designed to pass the inter-
mediate frequency carrier wave and the lower side-
band only. This sideband lies from 150 to 300 kc.p.s.
below the intermediate carrier frequency. The
amplifier has a highly lincar characteristic in order to
minimise the possibility of crosstalk between the nine
channels which it amplifies.

After rectification, the frequency band of approxi-
mately 150-300 kc.p.s. is fed to nine channel selector
units connected in parallel. Ahecad of cach selector
unit is a filter offering high attenuation to any
frequencies of the other eight channel bands. Thus,
for channel No. 1, this filter passes only frequencies
from (155--2-75) to (155—2:75) kc.p.s.; and,
similarly, the input filter of channel selector No. 2
passes without attenuation only frequencies between
(166—2-75) and (165--2-75) kc.p.s., and so forth.
Ior cach channel the output of the filter is passed to
the grid of a screened pentode, the output circuit of
which contains a second highly selective filter of
similar characteristics.  This filter feeds a dry
rectificr, and, by the usual process of rectification,
the outputs of the dry rectifiers in the respective
channels duplicate the voice frequencies originally
supplicd to the input circuits of the transmitter
channel producers.
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Fic. 7.—THE Receivir BAvs.

‘The output of each rectifier is passed through an
impedance-matching device and a variable attenuator
to a voice frequency amplifier, and thence through a
high and a low pass filter to the outgoing tclephone
lines.

Mownitoring and Testing Circiats,

L.evel jacks are provided to facilitate observation
of the recciver output during operation by high
resistance tclephones or the volume indicator pancl
without causing interruption of the service.

Mcans are provided for routine testing both the
service and reserve reccivers while the equipment is
in operation.

When the recciver is withdrawn from service it is
possible, with the facilitics provided, to analyse the
performance of the whole receiving system.

Mechanical Construction.

The receiver units are assembled in the four bays
illustrated in Iig. 7. Reading from left to right
bay No. 1 contains the acrial changeover relay panel:
the H.I'. amplifier and the 1.}, amplifier ; bay No. 2,
the spare IL.F. amplifier, the spare 1.F. amplifier, and
spare oscillator panels, together with the meter panel,
jack panel, power control and distribution panels ;
bay No. 3, the nine channel sclector panels together
with the L.¥. oscillator pancl; bay No. 4, the remote
control relay panel, auxiliary power supply unit
No. 1, auxiliary power supply unit No. 2, the power
supply unit, and the rectifier unit.

CoxTtroL CIRcUITS

The station is designed for unattended operation,
and full control facilitics can be transferred to the
distant exchange by means of a remote control panecl
containing two 3-position switches and three control
lincs.

The distant exchange is thereby enabled to: (1)
switch the whole equipment on or off ; and (2) use
cither the service or reserve receiver with either the
service or reserve transmitter.



[f, by chance, the control lines from the exchange
are interrupted, both transmitter and receiver
remain switched on so that a control line fault cannot
put the radio link out of service.

Any overload occurring on the ultra-short wave
transmitter automatically effects the switching-over
of all appropriate supplies and of the transmitting
aerial to the spare transmitter. When a fault occurs
in the ultra-short wave receiver, the rescrve receiver
may be switched in by using remote control equip-
ment which then connects the receiving acrial to the
latter.

The remote control facilities are duplicated in the
station so that the equipment can be locally controlled
if required. The local control is interlocked with the
remote control so that if, for example, one of the
transmitters is switched off locally by hand and the
distant control operator attempts to switch on this
transmitter, an alarm indication is given and the
transmitter is not switched into service.

Powsir Suppry
General.

A service of the nature of Belfast-Stranraer, in
which the stations are located at points remote from
towns and in which the equipment is designed to be
non-attended and to be operated by remote control,
needs careful study of the power supply circuits. In
addition, the use of plate voltages of 500 and 1,250 V
makes it necessary to interlock the transmitter
supplies for the protection of the staff when making
routine and maintenance tests.

Power for the station is derived from a 230 volt
single phase, 50 c.p.s. supply, which should not be
subject to voltage variations greater than +5 per cent.
or frequency variations greater than 4 1 per cent.

The power consumption of a @-circuit terminal
(transmitter and receiver), as previously mentioned,
is approximately 4 kW.

Transmilier Power Supply.

The transmitter power equipment is shown in
Tig. 8 and is contained in four bay frameworks
similar to those housing the transmitter. The bays
arc arranged as follows :

Bav 1. Control and alarm circuits and power

distribution ;

F1¢. 8.—PowERr SuppPLy PANELS.

Bay 2. Transmitter filament supply with over-
load relays, battery with charging rectifier
and overload relays, and half of the
1,250 V supply rectifier units ;

Bay 3. Half of the 1,250 V supply rectilier units
with overload relays, and channel producer
grid bias supply—smoothing gear and
overload relays ;

Bay 4. Rectifier, smoothing circuit and overload
relays for 500 V supply and transmitter
grid biases | and 2.

The incoming power supply for the ultra-short
wave transmitlers is brought straight to the isolation
switch panel on transmitter bay No. 5 (Fig. 6). A
multi-point switch fitted with keys ensures that none
of the power supply bays (I7ig. 8) can be opened until
the power has been switched off and the apparatus
earthed. Each bay is fitted with a Yale lock which
cannot be opened until the corresponding key has
been turned in a lock forming part of the multi-point
switch and withdrawn from the isolation switch panel.
The multi-point switch must be in the ““ off *’ position
before it is possible to withdraw any key, and it is
impossible to restore the multi-point switch to the
“on” position until all keys have been replaced and
turned.

The isolation switch panel also contains one pair
of switches for cach ultra-short wave transmitter
unit.  When any pair of switches is in the ' off ”’
position, it is impossible to apply power to the
corresponding transmitter. The two switches of cach
pair are so interlocked that when power is applied it
must follow the necessary sequence, i.e. power is
first applied to the filaments and, after a 50-second
delay, the H.T. is applicd.

When the switch of the transmitter in use is thrown
to the ““off 7’ position, either by hand or from the
distant exchange, the automatic changeover relay
removes the power from the transmitter in scrvice
and applies it to the reserve transmitter which is
then brought into service and connected to the
antenna.

Re-set push buttons are provided to prevent power
from being rc-applied in any circumstances to a
faulty transmitter until the operator decides it may
be safely done and deliberately operates the push
button. A special push button is included for
actuating an A.C. operated emergency relay for
applying power to the control circuits in the event of
a4 control battery failure.

Since each ultra-short wave unit is locked, as
described, it is impossible to obtain access to either
transmitter until the power has been switched oft
and the transmitter earthed.

Power supplies to the channel-producer units are
furnished through the distribution switching panel
(Iig. 6). By closing and locking a given channel-
producer unit, the key can be withdrawn and inserted
in the distribution switching panel, thus unlocking
the switch which controls the filament heating circuits
and the grid bias circuit for the output stage. When
this switch is unlocked, it is possible to rotate a
second mechanically interlocked switch which applies
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plate and screen voltages to the output stage of the
channel-producers. When the latter switch is in the
“off ” position, the lighting of a lamp shows that
power is removed from the channel-producer unit ;
access thereto may then be obtained by withdrawing
the key from the distribution switching panel.

The following supplies are generated in the power
equipment and applied to the transmitter :

Descrip-
tion

Approx.

Voltage Curvent Used for

H.T.1 |1,250 VD.C.| 0:48-0-8 A | (a) Transmitter Anodes

h (b) Channel Output
Anodes

1-:08-1-5 A | (a) Transmitter Screens

(b) Channel Output
Screens

(¢) Channel Anodes

H.T.2 500 VD.C,

G.B.1 |—180VD.C.| 15-25 mA |Transmitter Grid Bias
G.B.2 |—-240VD.C.| 15-256 mA | Transmitter Grid Bias
G.B.3 —40 to 5 mA per | Channel Producer Grid
—120VD.C.| channel Bias
U.S.W. | 7.6 VA.C. 13.-8 A Transmitter Valve
Trans. Filaments
L.T.
Channel | 230 VA.C. | 0-35 A per | Primary Supply to
Producer Channel Filament Transformer
L.T. on Channel Producer
Panels.
Battery | 33 VD.C. 3A Relay and Alarm
Circuits
Monitor 4V A.C 1A Filament Supply for

Monitoring Detector
Valves

Recetver Power Supply.

The incoming receiver power supply passes through
a filter which isolates the mains from the radio
frequency equipment. It then divides into two
branches, the first of which normally feeds the service
receiver while the second provides power for the test
oscillators and the reserve receiver. Each supply
provides all the filament, anode, grid and screen
voltages required on the units served. A high degree
of smoothing is provided in order to ensure the highest
signal-to-noise ratio in the received signal.

The supplies to the receivers are fed through two
multi-point changeover switches, one for each
receiver. When either of these switches is thrown to
the “hand” position, the corresponding receiver
derives its power from the second power supply.
When the switch is thrown to the  automatic”
position, the receiver derives its power through a
changeover relay from the first power supply. This
changeover relay is connected in parallel with the
receiver aerial changeover relay and is remotely
operated from the telephone exchange, so that when
the receiving aerial is changed over from Receiver “A”
to Receiver “B,” the power supply system is also
changed over.

Power for the channel selector panels is supplied
from the distribution panel, which carries nine quick-
break switches each feeding one channel selector unit.
Suitable load resistances are provided so that when
a channel selector unit is switched off, a corresponding
amount of power is absorbed, thus avoiding the

possibility of change in individual channel voltage
with the number of channels in use. The receiver
power supply enters the power supply bays direct
without passing through an isolator switch panel
since high voltages are not involved.

Power Failure Alarm and Stand-by Power Plant.

Care has been taken in the design of the power
circuits to ensure, as far as possible, that a failure of
any kind is immediately brought to the notice of the
operator by means of a bell and an alarm lights.

The alarm circuits for the transmitters consist of
six power failure relays, the operation of any one of
which switches in the reserve transmitter and also
lights its appropriate alarm lamp.

A similar system of alarm circuits in the receiver
switches in the reserve receiver and provides suitable
visual and aural indications.

A Diesel electric emergency power plant is provided.
Upon failure of the public electricity supply it starts
up automatically within a period not exceeding 60
seconds and furnishes power to the radio equipment,
thus preventing any serious interruption of the
service.

When the public supply is re-established, the
emergency set stops automatically and returns the
radio mains to the incoming public supplies. When,
however, the public supply is re-established after a
short time interval, the automatic control will not
reconnect the radio mains to the public supply until
sufficient time has elapsed to enable the engine
starter battery to be fully recharged, thus ensuring
operation of the emergency supply in the event of
repeated short-interval failures.

INAUGURATION

The 9-circuit ultra-short wave radio link between
Belfast and Stranraer was inaugurated by Sir.
Walter J. Womersley, M.P., Assistant Postmaster
General, on August 3lst, 1937, from the Ballygo-
martin station at the Irish end. Four circuits were
provided, one for the use of Sir Walter Womersley,
and the other three for Press representatives. These
circuits functioned as ordinary 2-wire connections
from Ballygomartin to the Belfast exchange, and
were there connected by the regular operators to four
Belfast-London circuits using four of the nine channels
on the radio link.

The three circuits turned over to the Press repre-
sentatives for simultaneous conversations demon-
strated conclusively that the claims made for the
equipment are fully justified, and that this system
is ready to take its place in regular long-distance
telephone service.
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The Unit Automatic Exchange No. 14

A. l. C. HENK
and W. CLAYTON

This article gives details of the construction of and facilities given by the U.A.X. No. 14. A maximum of 800 subscribers’
lines can be accommodated in this type of exchange and provision for junction equipment is, in general, limited only
by the available accommodation in the exchange building.

Introduction.

HE U.A.X. No. 14, which supersedes U.A. X.

I No. 7, has been designed for exchanges where

the ultimate requirements exceed 200, but

are less than 800 subscribers’ lines capacity. The

U.A.X. No. 14 functions similarly to the U.A.X.

No. 13, in regard to acting as a switching centre for
other smaller unit automatic or manual exchanges.

Facilities—The general facilities are similar to
those given by the U.A.X. No. 13. Major exceptions
are that the incoming junctions are routed direct to
1st selectors instead of via linefinders and that forced
releasing under permanent line loop or earth (P.G.)
and called subscriber held (C.S.H.) conditions is not
provided. Additional facilities include P.B.X.2-20
groups, service interception and changed number
equipments, service and meter observation, traffic
recording and the extension of urgent alarms. Test
selectors and test final selectors are provided for
testing subscribers’ circuits from a remote exchange
when required ; these selectors are also employed
during subscribers’ meter-testing operations.

Subscribers’ Numbering Scheme.—A 4-digit number-
ing scheme is employed for the subscribers, 400 lines
being provided in each of the “2” and ‘3,
thousand groups giving a numbering range of 2,000-
2,399 and 3,000-3,399. P.B.X. facilities for groups
of 2-10 lines are provided throughout the multiple,
and P.B.X. facilities for groups of 2-20 lines can be
provided, subject to a maximum of one such group
in a 100-line multiple.

Trunking—For the purpose of simplicity the
trunking diagram has been drawn in three parts.
Although in some instances bothway junction equip-
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F16. 1.—SuUBSCRIBERS’ TRUNKING TO 1ST SELECTORS.

ments are used, unidirectional junction working is
shown in the diagrams. The types of junction equip-
ments employed are described later in this article.
Fig. 1 shows the trunking scheme between the
subscribers and the 1st selectors. Normally the
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allotter is resting on a free directly connected (D.C.)
linefinder, so designated because an individual Ist
selector is directly associated. Should all directly
connected linefinders be engaged, an indirectly
connected (I.C.) linefinder is employed and the
associated selector-hunter finds a lst selector while
the linefinder is operating to find the calling subscriber.
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On referring to Fig. 2, it will be seen that only a
st selector and a final selector are employed on a
call to a local subscriber, arrangements being made
for the absorption of the digits ““ 2" or *“ 3.” Levels
1, 2, 3 and 0 of the selector multiple serve as outlets
to the final selectors for the hundreds digits. Levels
4-8 may be routed either direct or via 2nd selectors
to various exchanges other than the parent. Level 9
carries the traffic to the parent exchange, except
where a separate junction routing to the auto plant
is required, when level 7 will be used for this purpose.
The tenth impulse of an ““0 " call is absorbed and
the call is routed via level 9, thus utilising one group
of junctions for both manual board and automatic
traffic.
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F16. 3.—INCOMING JUNCTIONS, TRUNKING TO 1ST SELECTORS.

Fig. 3 shows the trunking arrangements for the
incoming junction traffic. It will be seen that junc-
tions from the parent exchange have individual 1st
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selectors at the U.A.X. whereas junctions from non-
dependent exchanges employ selector-hunters.
Junctions from dependent U.A.X.'s employ a com-
bined junction and selector-hunter ; accessis obtained
to either the parent junction route or a selector
depending on the signals over the junction.

CONSTRUCTION AND EQUIPMENT
General.

The racks used in U.A.X.s No. 14 have been
designated according to whether they are used solely
in U.A.X.’s No. 14 or not. If used solely in U.A.X.’s
No. 14 the racks are designated Units Auto No. 14A,
B, C, D, E, but if they can also be used in main
exchanges the racks are given a descriptive title such
as meter rack, etc.

The apparatus is assembled on five types of units
and two types of racks as follows :

Designation. Apparatus fitted.

Unit Auto No. 14A .. Line Equipment

Unit Auto No. 14B .. 1st and 2nd Selectors

Unit Auto No. 14C .. Junction Equipment

Unit Auto No. 14D .. Miscellaneous Equipment
(M.A.R.).

Auxiliary Equipment for
junctions working into
Director Areas.

Unit Auto No. 14E ..

Unit Auto No. 14

Meter Rack . Subscribers’ and Traffic
Meters.
Unit Auto No. 14
Meter Pulse Machine
Rack .. .. Meter Pulse Machines.

Trunk distribution frames, a traffic recorder rack
and a test rack are also employed, but it is not
proposed to describe them in this article as these
items follow main exchange practice. The test rack
is fitted only when the number of calling equipments
exceeds 500.

Provision of Units and Racks.

An exchange designed to cater for a maximum of
800 subscribers’ lines would require the following
units and racks:

A Units 1-8 (1 per 100 subscribers).
B Units 1-4 (fitted as required).
C Units . .. 1-33 (fitted as required).
D Units .. o1
*E Units .. 0, 1 or 2 (fitted as required).
Meter Rack .. o1
Meter Pulse Machine
Rack . o1
Trunk Distribution
Frames .. .. 1 or 2 (fitted as required).
Traffic Recorder Rack 1
Test Rack .. o1

* E Units are required only at exchanges which have
routes to director areas.

The units and racks are all 8 ft. 6} in. in height
and are normally arranged in suites as shown in
Fig. 4. The suites are arranged with the apparatus
sides facing each other.
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General Rack Construction.

Exchanges of the smaller type, i.e. U.A.X.’s No. 122
and No. 13, have been designed for use in unheated
buildings, and in order to prevent dampness from
affecting the apparatus, the racks are totally enclosed
in sheet steel cavity cabinets with special sealing
arrangements for the cabinet doors and the cable
runs. In buildings housing exchanges of over 200
lines multiple, heating is provided and cavity
cabinets have therefore been dispensed with.

Open type construction has been adopted in the
design of the racks and they have been arranged as
far as possible in accordance with the P.O. standard
2,000-type equipment. As constructional details of
the 2,000-type equipment have already been described

1 P.O.EE.J., Vol. 28, p. 105.




in the Jeur~al3 it is not proposed to give any
description of the construction of the U.A.X. No. 14
racks.

Apparatus Betails.

The selectors and relay sets arc of the P.O. 2,000
type and incorporate Dballast transmission bridges
and balanced tone fecds.

The P.O. 3,000-type relay is used for all circuits
ether than the subscribers’ line circuits (L and IC
relays) in which the I.0. (80-type relay is used. The
meters are of the 100-type. A rclay switch of the
P.0. 3,000-type having one 6 amp. mercury tube, is
used in the P.G. milliammeter circuit.

The miscellaneous equipment associated with a
particular rack is mounted on the right-hand upright
of the rack concerned.

Fic. 5.—Unit Aurte Ne. 14A.

Unit Aulo No. 144 (Fis. 5).
This unit accommodates 100 subscribers’ calling

and answering equipments which are mounted on
four shelves as follows :

Shelf ®. 9 P.B.X. Final Selectors and 1 Test Final
Selectort, or 10 P.3.X. Final Selectors.
3 P.O.E.E.J., Vol. 28, pp. 249, 257.

t A test selector is provided on the basis of | per 2 A units.

Shelf C. 7 Selector Hunters, 2 Allotters and 2

Control Relay Sets.*
10 Line I'inders.
100 Subscribers’ I.ine Circuits.

Shelf B.
Shelf A.

Unit Auto No. 148 (Fig. 6).
This unit accommodates the lst and 2nd selectors,

which are mounted on five shelves, each accommo-
dating ten selectors.

Fic. 6.—UnNiT AuTo No. 14B, Rrar VIEw,

Second selectors are provided only when the
number of junction codes exceeds five, or where it is
necessary to cmploy 2-digit junction codes.

Upat Auto No. 14C

This unit accommodates strip-mounted equipment
required for junction working. Common route
discriminating relay sets used on junctions to non-
director exchanges, when required, are also fitted on
this unit. These relay sets arc mounted at the
bottom of the Ist C unit accommodating the asso-
ciated junction equipment for that route. A rolled
steel channel shelf is fitted to mount this equipment
and arrangements have been made to use existing
drillings in the uprights.

* Wherce an odd number of A units is installed, the last
unit is equipped with two contrel relay sets each serving
50 subscribers. Sufficient spare space exists for fitting
an additional shelf of 10 final selectors (Shelf E) if
required.
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Unit Auto No. 14D

This unit is the equivalent of the miscellaneous
apparatus rack (M.A.R.) as used in main automatic
exchanges. There are seven shelves on which
provision is made to mount the following apparatus :

Shelf G. 1 Service Observation equipment.

Shelf F. 4 Test and Plug Up Line equipments.

Shelf E. 4 Changed Number equipments and 1
Alarm Delay equipment (6 seconds).

Shelf D. 1 Service Interception Finder, 1 Howler
and 1 P.G. milliammeter.

Shelf C. 4 N.U. Tone Relay Sets.

Shelf B. 1 Test Number, 3 Service Interception
and 1 Alarm Extension Relay Sets.

Shelf A. 1 Test Selector, 3 Alarm Delay Relay

Sets and 1 Howler Relay Set.

A connection strip for terminating the test selector
banks is mounted at the rear of shelf A. A tone and
pulse distributign jack panel is mounted between
shelves C and D.

To facilitate the subsequent installation of the
service observation equipment in exchanges where
it is not installed initially, the equipment has been
assembled on the strip-mounted principle, i.e. relays,
condensers, etc., are mounted on standard flange-
type mounting plates. These plates, together with a
unit amplifying and testing equipment, are assembled
on a framework, thus making a complete and self-
contained unit which is bolted direct to the uprights.
A connection strip on which the internal and external
wiring is terminated is also mounted on the frame-
work.

Unit Auto No. 14E

This unit accommodates the auxiliary route
discriminating equipment for use on junctions to
director areas. There are 8 shelves on which
provision is made to mount the following apparatus :

Shelves H to C. Route Discriminating (Junction)
Relay Sets (5 per shelf).

Shelf B. 5 Route Discriminating (common) Relay
Sets.

Shelf A. 5 Route Discriminating (common)
Selectors.

The selectors are of the 8-level, 2-motion type, and
function in a similar way to the “ BC " selectors as
used in directors (see circuit notes).

The method of mounting the code or translation
field is of particular interest and is described in some
detail. The assembly is divided into two sections :
(a) an individual translation field mounting on which
are mounted the banks of each “ BC ”’ selector and
the associated connection strips for its translation
field, and (b) a common support-assembly framework
on which the individual frameworks are mounted.
The support-assembly has a capacity for five transla-
tion field mountings and projects to the rear of the
unit.

Each translation field mounting accommodates four
200-point heavy duty selector banks and 8 con-
nection strips. Each connection strip has 10 hori-
zontal rows of 10 tags (bank outlets) and 5 horizontal

4

rows of 4 tags (meter fee relay leads), the selector
bank contacts being permanently wired to the
connection strips. The complete assembly is arranged
to jack-in on the support assembly and a locking
device secures the mounting. Covers to protect the
tags of the connection strips are provided.

A jumper field to provide facilities for connecting
any route discriminating junction relay set to any
particular common equipment is mounted at the top
of the unit.

The method of connecting the meter fee relay to its
associated selector bank contact is shown in Fig. 7.
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Meter Rack

This rack is similar to the meter racks used in main
automatic exchanges and accommodates 800 sub-
scribers’ meters (Meters No. 100A), 80 traffic meters
(Meters No. 100C) and a meter routine test circuit.
Standard flanged-type mounting plates are used for
mounting this equipment.

A meter reading circuit is also provided and is
mounted on the right-hand upright.

Meter Pulse Macline Rack (Fig. 8).

This rack accommodates the meter pulse machines,
pulse distribution jacks and the fuses providing the
meter pulse distribution, i.e. S, Z, and 1-, 2-, 3- and 4-
unit meter pulses.

The meter pulse machines and their associated
equipment are assembled as jacked-in items and are
mounted on two channel-type shelves at the bottom
of the rack. The reserve machine is mounted on the
lower shelf and the regular machine on the upper
shelf.

The pulse distribution panel consists of a group of
8 switchboard jacks (Jacks No. 510 BO), and each
meter pulse supply is fed through a main distribution
and a suite distribution jack. One jack per pulse is
provided for each suite of 6 units and one is provided
for the 4-unit pulse supply to unit D.



The total number of fuses on a fully equipped rack
is as follows :

6 30 amp.—S, Z, and 1-,2,-3- and 4-unit pulses
(Main Supply).
2 1:5 amp.—S, Z, and 1,-2,-3- and 4-unit pulses
(Suite Distribution Supply).
249 0-5 amp.—S, Z, and 1, 2,-3- and 4-unit pulses
(Individual Supply).

T1c. 8,—MEeTER PULSE MACHINE RaCK.

The 3-0 amp. fuses arc accommodated on fuse
panels mounted on the left-hand upright in the
standard manner.  Special arrangements were
developed for mounting the [-5 and 0°5 amp. fuses as
these arc not directly connected to battery. Ifor this
purpose, two frameworks, one with a capacity of six
10-way standard fuse mountings, and the other with
a capacity of six G-way standard fuse mountings
which accommodate the 13 amp. (suite distribution
supply) and 0-5 amp. (individual supply) fuses
respectively, were designed.

The framework, on which the 10-way fuse mount-
ings are accommodated, is arranged on the basis of
one per rack and is mounted immediately above the
regular pulse machine. The other frameworks, each
of which accommodates sufficient fuses for each
pulse supply to 6 units, are provided as required and
are mounted between the rack uprights on existing
drillings, commencing immediately above the suite

distribution supply framework. Two of these frame-
works are usually fitted initially.

Cabling and Wiring.

In earlier types of unit automatic exchanges it was
found ecssential, in order to retain a high insulation
resistance value, that the wiring should be carried
out with enamelled wire. As, however, U.A.X. No.
14 buildings arc heated, it has been found possible to
dispense with the enamelled wire and -the types of
wire and cable used are identical with those used in
2,000-type main exchanges.

Typical cabling arrangements (main circuits only)
are shown in Fig. 9.

Power Plant.

The provision of power plant of the parallel battery
float type has been standardised for all U.AX's
No. 14 irrespective of the load requirements.

The power switchboard accommodates the
apparatus for automatically controlling the charging
equipment, which will be either rectifiers for A.C.
supplies or motor generators for D.C. supplies, and
also apparatus which functions to maintain the
voltage of the battery within the prescribed limits.

The positive battery, which is used in connection
with route discrimination supply, is obtained from
37 leclanche cells, type D.S.5.

The ringer panel accommodates the ringing
machines, ringing change-over cquipment, ringing
distribution circuit breakers, tone chokes and trans-
formers, and miscellancous equipment.

Where the public power supply is A.C., a mains-
driven ringer (Motor Generator No. 15) and a battery-
driven ringer (Dynamotor No. 23) are uscd ; where,
however, the public supply is D.C., both machines
are of the battery-driven type. FEach type of
machine is fitted with an inductor tone generator
instead of the high-speed interrupter drum formerly
used for tone generation.

Heating.

Heating is provided by electric tubular heaters
with a consumption of 60 watts per foot run, and is
controlled by a mercury relay switch and a hygrostat
which is adjusted to operate at a humudity of 70 per
cent. or over.

The tubular hecaters are mounted immediately
above the guard rail on the wiring side of the units
and racks; a bracket for fixing these heaters to the
rack, utilising the rear guard rail fixing bolts, has
been designed.

Lighting.
Standard rack lighting as used in main exchanges
is provided.

Building and Site.

There are three types of P.O. buildings available
for the installation of U.A.X. No. 14 equipment, i.e.
Types D, E and T, each of which has the cavity wall
construction, The internal dimensions are as
follows :
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Type Length Width Height Typical sizes of sites are as follows :

DandE 63 ft.0in. 24 ft.6in. 10 ft. 0 in. D and E Type. Frontage 50 ft. with a depth of
F 55 ft.0in. 24 ft. 6in. 10 ft. O in. 85 ft. behind the building line.
Each type of building provides accommodation for F type. Frontage 70 ft. with a depth of 120 ft.
staff welfare and the dimensions shown above for the behind the building line.
D and E type buildings include a staff room, normal
stock room and W.C. In the type F building the Circuit NOTES

staff accommodation is not catered for in the dimen-
sions shown above, but consists of a building of

17 ft. by 11 ft. 6 in. by 8 ft. internal dimensions which a brief description of the functions of the equipment

is attached to the_frc_)nt Qf the main bpilding. with outlines of circuit controls which are special to
The D type building is not extensible, but the E U.A.X. No. 14 design.

and F types are extensible vertically and laterally
respectively. Fig. 4 shows the layout of the units and
racks in the D and E type buildings.

It is not proposed to describe in detail the operation
of the various portions of the apparatus, but to give

Subscribers’ Calling Equipment.

The buildings are of brick construction and the The line and cut-off relays, associated with the
. . : o ), . B . . . .
internal walls are lined with “Insul wood ” to subscribers’ calling equipment, serve to bring into
prevent rapid heat dissipation. operation the control set, allotter and linefinder. The
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vertical and rotary bank positions on the linefinder
multiple are marked by contacts of the line relay.
The Control Relay Set functions to cause the allotter
to connect a ‘“ free ”’ linefinder and to control the
vertical-rotary action until the calling subscriber’s
line is found. One control relay set on each unit
normally serves the 100 subscribers associated with
a particular unit. Fig. 10 depicts the arrangements.
S relay is operated by the earth (L contact) on the
start lead. HX relay tests the outlets and operating
to a free linefinder cuts the allotter drive circuit.
The scheme embodies an automatic change-over to a
partner control set in the event of the normal control
set being rendered out of order. This is arranged by

LINEFINDERS ON T | T Ev(: LINEFINDERS ON
IST UNIT, 2ND UNIT,
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s | s
4J HX ! I ! HX I |
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SHOV'N OFERATED.

Fic. 10.—PARTNER CONTROLS.

pairing the units, units 1 and 2 (3 and 4), etc., acting
as partners. TBrelay, releasing under fault conditions,
transfers the start lead to the partner unit. C and
S relays operate and HX relay tests in the portion
of the allotter bank for a linefinder on the unit
serving the calling subscriber. The faulty control
set is locked out of service and an alarm given. In
the event of the second control set being rendered
out of order, both controls are restored to service.
In the event of the last-fitted unit being an ““ odd ”
unit (e.g. 3, 5 or 7), two control sets are fitted, each
taking a load of 50 subscribers’ lines and acting as
partners to each other.

Allotter. Thc allotter is rclcased when the line-
finder finds the calling subscriber’s line and it has
pre-selected a free directly connected linefinder.
Should, however, a directly connected linefinder not
be available, the allotter rests on bank contact 1 in
order to make a complete search on the following
call. Three directly and seven indirectly connected
linefinders are connected to the allotter banks. In
the event of all the linefinders being engaged the
allotter rotates to the last bank position, group
occupancy time metering continuing until a line-
finder becomes available. Access is also given to the
linefinders on the partner unit to cater for the failure
of the control set, as shown in Fig. 10.

Linefinders—These selectors are of the 2-motion
type and serve the 100 subscribers’ lines connected
to the multiple. Coin box subscribers may be
allocated to any position on the bank multiple, an
additional I.D.F. connection (CB) only being necessary.
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Group Control of 1st Selectors.

Fig. 11 gives an outline of the control scheme. All
1st selectors, except those serving parent junctions
and directly connected linefinders, are employed in
a common pool system. The selectors may be con-
nected in one or more groups.

The 1st selector GP relays, one per shelf of
selectors, are held operated to their associated shelf
fuses, releasing only when the fuse blows. GP relay
contacts, in series with the earthed N springs of the
free selectors, cause the operation of GPA relay and
the extension of the earth to the group control (GP)
relays serving the junctions.

The GPA contacts extend an earth to the group
control relays on the A units.

In the event of a 1st selector shelf fuse blowing, the
associated GP relay is released and its contacts
disconnect the selectors on that shelf from the group
control scheme.

When the last selector in a group is engaged, the
group control relays for linefinders and junctions
operate, and the selector-hunters and the allotters are
prevented from further rotation.

1st Selectors, 100 Outlet.

As described under the trunking section of this
article, digit absorption occurs when “2” or “ 3"
is dialled as the initial digit and also on the 10th
impulse of an “ 0 call. Fig. 12 shows the impulsing
circuit arrangement. If the initial digit is “2 " or
“3” the selector has to restore to normal during the
inter-train period, and in order to reduce the restora-
tion time to a minimum, the release time of relay C
is kept as low as possible since rotary restoration,
following the release of relay C, adds considerably to
the overall release time of the selector.

The next important point is the preparation of the
vertical magnet circuit for the 2nd digit. Arrange-
ments are made for the re-operation of relay C (when

" the vertical-marking bank wipers V.M. restore to

normal) during the rotary restoration period. N
springs release W relay and the selector is then
available for further impulses. During this restora-
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Fic. 12.—1st SELECTOR IMPULSING CIRCUIT.

tion period, the short-circuit is removed from PD
relay to allow the relay to operate should further
impulsing occur before the selector has restored.
Busy tone would then be returned to the caller and
further vertical action prevented.

The absorption of the 10th impulse (0 call) is
provided by the operation of PA following the re-
operation of A relay after the 9th impulse—the 10th
impulse is routed to WS relay. The operation of
WS relay provides a discriminating signal to the
junction equipment to provide manual board call
signals; in addition, should the call be originated
from a coin box line, a discriminating signal is given
to the junction. Arrangements are made to bar
access to coin collecting box (C.C.B.) subscribers on
any junction level as required, other than level 9
(for ** 0" call). The operation of RN relay provides
a discriminating signal to the final selector to denote
that the 3000 group is required.

2nd Selectors, 100 Outlet.

The 2nd selectors employ the usual principles of
group selectors; access is prevented (C.C.B. Sub-
scribers’ call) to barred levels.

Final Selectors.

Two types of final selectors have been designed, the
2-10 P.B.X. type catering for single line and groups
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of 2-10 P.B.X. subscribers. A second type is available
where a P.B.X. of 2-20 lines is required. The facilities
for 2-20 P.B.X. groups are limited to one such
P.B.X. in a 100-line multiple. Access is given to 200
subscribers’ lines by the bank multiple—100 lines in
each of the thousands “2” and “3.” A wiper
switching scheme is arranged to change over from
the wipers giving access to the 2000 group, to the
wipers giving access to the 3000 group, on receipt of
a discriminating signal from the 1st group selector.
Trunk-offering facilities are also given to calls from
the parent exchange.

Outgoing Junction Services.

Unidirectional junction equipments have been
developed for parent and non-parent routes, but
these can be combined for bothway working. Both-
way equipments are designed for routes to dependent
U.A.X.’s, i.e. exchanges which communicate with
their parent exchange via the UAX. No. 14. A
bothway equipment is also available for routes to
non-dependent auto exchanges. For the purpose of
simplicity the outgoing and incoming features will be
described separately.

Parent Exchange Route.—This equipment functions
similarly to the U.A.X. No. 13 parent exchange
equipment. Discrimination is given to the manual
board between calls originating from ordinary and
C.C.B. subscribers when “0” has been dialled.
When “9” has been dialled, auto-auto working
within the parent auto-network is permitted.
Standard control facilities are afforded, i.e. manual
hold, re-ring, busy tone and flash, etc.

Dependent U.A.X. Junctions—Two types of equip-
ment have been designed, one type for use when
access to subscribers only on a U.A.X. (Nos. 12 or 13)
is allowed, the necessary restricting equipment being
part of the junction equipment. The other type caters
for through traffic via a U.A.X. No. 13 and auxiliary
equipment for route discriminating is necessary.
Trunk offering over the junction to the dependent
U.A.X. is provided on calls from the parent exchange
operator.

Non-dependent Auto Routes. — The equipment
designed for these routes may be used for all auto
exchanges, including U.A.X.s which are not
dependent on the U.A.X. No. 14 for direct “0”
level traffic. Auxiliary equipment is necessary for
route restriction or route discrimination purposes.

Manual Exchange Routes.—Identical equipment with
that used on the parent route is employed on junctions
between the U.A.X. and all types of manual exchanges.
Coin-box lines are barred access to the selector levels
serving routes to adjacent manual exchanges.

Auxiliary Equipments used in conjunction with
outgoing junction equipments are divided into three
classes :

(1) Route discrimination on U.A.X. and non-

director routes.

(2) Route restriction on U.A.X. and non-director

routes.

(3) Route discrimination on director routes.
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F1c. 13.—800 CopeE MULTI-METERING ON JUNCTIONS TO

DIRECTOR AREA.

The first two classes are identical with those
employed in U.A.X.’s No. 13 and cater for multi-fee

metering, manual hold (non-metering
calls) and route-barring on calls in the
U.A.X. or non-director auto network.

In order to cater for calls into a
director area, equipment capahle of
discriminating on 800 codes isnecessary.
Fig. 13 gives an outline of the circuits.
A uniselector is employed to receive
the 1st code (“ A" digit) train and
a 2-motion selector accepts the “B”
and ““ C " digit trains simultaneously as
thedigits are repeated over the junction
to the director exchange. Assuming
a CENtral number is being dialled,
the uniselector would be stepped to
contact 2"’ and the 2-motion selector
to level “3 " and rotary bank outlet
“6.” On completion of these ““ code ”
digits, Crelayreleasing, extends an earth
via wiper and arc A4, wiper and

0fG
PORTION
OF EQPT.

NOTE

DEP

matic exchanges may
obtain access to ex-
changes which are

barred to U.A.X. No. 14 subscribers. In the incoming
parent exchange equipment, the discriminating signal

V.AX o
L]
gf—“_‘“_ . P
11 o hand Jpe—
K L) KA U
— L8 SIGNALLING o
HJ RELAYS. .
= ) )
N . P + o — | TOPARENT
r KA . EXCHANGE
| LA .’
H & T A < "o
_= —— HX P :_
KA K K
.
. OTE) ®
HJ OPERATES-ON‘0O’ ™ ) .
CALL,BJ ONY CALL. (NOTE) %
LOCKING CIRCUITS | HX pe _
PROVIDED FOR KA OR K, _{ J
¥ HX " 00"
el
= + e 10
) SELECTOR

Fic. 14.—INcom

D

ING JuNcTION CIRCUIT FROM DEPENDENT
U.AX.

49



selector. A brief outline of the controls

o K ;_ S is shown in Fig. 15.
™ ..'. Miscellaneous Services.
'.. A novel feature is the provision of a
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EXCHANGE,

also prepares outgoing equipments to the dependent
U.A.X.’s for the reception of trunk offering signals.

Parent Exchange.—This is a simple equipment for
receiving the line signals and giving connection to a
group selector. The controls are similar to those
shown in Fig. 15 excepting that hunting for a selector
is not employed; individual selectors terminate
parent exchange junctions.

Dependent U.A.X.—The equipment is designed to
accept similar signals to those for a parent exchange,
i.e. negative battery on the 4 ve line for an ordinary
subscriber “0 " call (LA relay operating), earth on
the — ve line for a C.C.B. “0 " call (operating LB
relay), or a loop when access to the auto equipment
is desired. A selector and junction hunter is
associated and, dependent upon the incoming signals,
access is given either to a junction direct to the parent
(repeating the signal) or to a Ist selector at the
U.A.X. No. 14. Fig. 14 gives an outline of the circuit
arrangements providing the necessary switching.
Arrangements are made for the homing of the selector
and junction hunter on a call to the manual board,
in order to test and connect the junctions in numerical
order. Overflow metering is provided should the
whole of the junction outlets be engaged.

Incoming calls from other types of exchanges employ

an equipment for receiving the line signals and
causing the selector hunter to give access to a group

CONTROL
HX [
DG

e

° SELR.

selectors are fed via a contact ammeter,
an urgent alarm being given when a
pre-determined number of P.G.'s is
reached. During maintenance atten-

* dance at the U.A.X., the P.G. alarm
.:— is connected to the delayed alarm
. equipment. Called subscriber held

TOCRUP (C.S.H.) and other alarms follow non-

director auto exchange practice during
the period of exchange attendance.
Urgent alarms only are extended when
the exchange is unattended—arrange-
ments being made to disconnect the
alarm lamps at the U.A.X.

Conclusion.
Several U.A.X.’s No. 14 are now being
installed by Messrs. Siemens Bros., Ltd.,
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who co-operated with the P.O. Engineering Depart-
ment in the development of this type of U.A.X.

Thanks are due to Messrs. Siemens Bros., Ltd. for
the photographs, and the authors also desire to
thank various members of the Engineer-in-Chief’s
Office staff who supplied information useful in the
compilation of this article.




The London—Birmingham Coaxial
Cable System A. H. MUMFORD, &sc. (eng), AM.LEE.

Part lll.—Layout of Equipment and Test Results

Details of the layout of the equipment are given, followed by a brief outline of the experimental results obtained to date.
Further test results will be given in the July issue.

Building, London, and Telephone House,
Birmingham. Where no building existed that
could suitably be converted into a repeater station,
sufficient ground was purchased to enable small
brick built buildings of the U.A.X. type, 14 ft. by
10 ft. by 8 ft. 6 ins. high, to be erected. Twelve such
buildings have been provided along the route.
Accommodation for the other five stations has
been provided in telephone exchanges or normal
repeater stations.
The rack layout plan adopted in London and
Birmingham is shown in Figs. 38 and 39 respectively.

THE terminal stations are located in Faraday
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Fic. 38.—Racx Lavour, LoNDON TERMINAL STATION.

In view of the extension of the cable through to
Manchester and the definite allocation of certain
super-groups to the London-Manchester traffic it will
probably be unnecessary to bring the through circuits
down to audio frequency at Birmingham and the
corresponding super-groups will have to be deleted
from the floor plan ; the absence of a break-in facility
at Birmingham on these particular super-groups will
obviously very materially reduce the cost of the
London-Manchester circuits.

Modulating Equipment.

In associating various units the policy has been to
make groups and super-groups self contained as far
as possible, and to associate corresponding trans-
_ mitting and receiving equipment closely.

UPER GROUPS 748
= [ S i
Lo o — I T 1T 13

Each of the five groups occupies both sides of a
10 ft. 6 in. bay, one side being devoted to transmitting
equipment and the other to receiving equipment. The
super-group modulators and various subsidiary
units involved in the combination of the five groups
to form a super-group are mounted on one side of a
sixth bay. The other side of the latter bay is occupied
by similar equipment for a second super-group
while the seventh to eleventh bays are used for the
groups constituting this second super-group. A
plan vicw showing the way in which the bays are
associated is given in Fig. 38 and elevations of the
group and super-group bays are given in Fig. 40. This
arrangement of apparatus possesses several advantages
from the point of view of circuit requirements in
addition to the following facilities which make the
equipment flexible :—

(@) The groups are entirely self contained and can
therefore be used for certain other purposes without
alteration, e.g. extension of the range of existing
12-channel equipment ; multiplexing an ultra short
wave transmitter.

(b) The layout of all super-groups is exactly the
same.

(c) The bays carrying the super-group modulators
etc. are independent of the group bays and may
therefore be used with certain modifications for
translating super-groups from one frequency band
to another for the purpose of diverting blocks of
circuits.

It will be seen from Fig. 40 that blank panels have
been fitted where the additional modulator and
demodulator units will be required when the channel
spacing is reduced from 5 to 4 kec.p.s. corresponding
to an increase in channels per group from 8 to 10.

In the course of maintenance it will occasionally
be necessary to isolate various major units for test
purposes, or it- may be desired to insert special equip-
ment for experimental work. Facilities have,
therefore, been provided for breaking into the circuit
at various points. The terminals of the various units
of audio frequency equipment are connected to sockets
mounted on one of several test tablets, the normal
circuits being completed by U links. In view of the
possibility of cross-talk this practice has not been
extended to radio frequency equipment but sockets and
U links are mounted on the various units underneath
the dust covers.

The equipment is designed to work directly from the
normal repeater power supplies of 24 and 130 volts.

Carrier Generating Equipment.
The working and standby sets are mounted on
opposite sides of six standard 10-ft. 6-in. bays, the
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one set being an approximate mirror image of the
other. Standard unit construction is employed, each
unit being protected by a 6-in. dust cover. The
arrangement is given in detail in Iig. 41, the blank
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Fig. 41.—CARRIER GENERATION KQUIPMENT.

panels occupying space reserved for additional
equipment when the channel spacing is modified.

Three standard types of valve are used and each
valve anode circuit is fed through a jack shunted by a
fixed resistor and through a relay coil. The valve
anode current is measured in terms of the volts drop
across the resistor and the relay contacts are connected
to a lamp and bell to give warning of a valve failure.
The input voltage to each amplifier stage may be
measured across a screened socket connected across
the grid input circuit and the outputs of the selectors
and power amplifiers are monitored in the rectifier
circuit associated with each of these units.

In addition to the normal repeater power station
supplies, 4 and 240 volt A.C. supplies are obtained from
a power-bay similar in design to the repeater station
power equipment.

Repeater Station Equipinent.

Each repeater station is fitted with four 7-ft. 6-in.
double-sided bays arranged for single-sided panel
mounting. All panels are provided with 6-in. deep
dust covers and a standard grey paint finish has been
adopted throughout. Particular attention has been
devoted to earthing arrangements since the presence
of very small mutual impedances in the earth leads
can cause serious interference. All panels are directly
earthed to a l-in. diameter copper rod which is fixed
inside the channel verticals.

The “up” and ‘“down” coaxial cables are, in
general, brought through a floor chase or duct to
one end bay of the rack where the coaxial pairs and
the interstice pairs are separated out at a sleeve.
The coaxial pairs are brought up to two termination
filter boxes mounted near the top of the bay and the
telephone pairs looped in to trunk test tablets

mounted near the bottom of the bay. The second
bay carries the power equipment on the back and
miscellaneous test, speaker and supervisory equipment
on the front. The third bay carries all the H.F.
equipment required for repeatering the two coaxial
pairs carrying the multi-channel telephone circuits.
The fourth is to be used for the apparatus required
for television transmission.

The front and rear views of the bays in a typical
station are given in Figs. 42 and 43.
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MEASURED CHARACTERISTICS OF THE CABLE

The major problems encountered in the development
of the coaxial cable system for the provision of circuits
between London and Birmingham have been discussed
and many details of the equipment given. Obviously
there are many points of interest to which no reference
has been made ; for instance the provision of through
circuits to more distant points than Birmingham,
for the cable is already well beyond Birmingham,
without reducing the through signals to audio
frequency at Birmingham. As the experiment is not
completed, detailed results are not yet available.
A brief outline of the results, obtained to date follows:

Propagation Constant and Velocity.
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Fic. 44.—ATTENUATION (%) AND WAVELENGTH ([3) CONSTANTS
PER MILE.

Fig. 44 shows the attenuation and phase constants
per mile. The phase constant is nearly proportional
to frequency, the phase velocity increasing slightly
with increasing frequency and approximating to
about 93 per cent. of the velocity of electro-magnetic
radiation in free space.

Characteristic Tinpedance.

Between 500 and 2,100 kc.p.s. the value is approxi-
mately 74.0 ohms, increasing slightly as the frequency
decreases. At 2,100 kc.p.s. the small negative
reactance component is 0.4 ohm increasing with
decrease of frequency until at 500 kc.p.s. it amounts
to 1.0 ohm.

Capacitance and Inductance.

The capacitance is constant apart from an apparent
gradual decrease from 0.0789 microfarads per mile
at 100 kc.p.s. to 0.0783 at 400 kc.p.s.

At 2,100 kc.p.s. the inductance is 0.425 millihenries
per mile, increasing with a decrease in frequency and
following closely the value derived from theoretical
considerations.

Resistance and Leakance.

The resistance of the cable is 86 ohms/mile at
2,100 kc.p.s. and varies directly as the square root
of the frequency over the band covered by the
transmissions.  This measured resistance is some
8 per cent. higher than the theoretical value—assuming
the interleaved copper tapes to be replaced by a
solid copper tube and neglecting the lead sheath—
and it would appear that this difference is due to the
manner in which the copper sheath is made up.

The measurements on leakance indicate a dielectric
power factor, practically independent of frequency,
equal to 0.0044.

TABLE 2.

ATTENUATION MEASUREMENTS ON THE VARIOUS REPEATER SECTIONS

Average attenuation of the four coaxial pairs for
each repealer section expressed in db. per inile.
Repeater
Section Frequency kc.p.s. i
200 400 “ 800 1,200 1,600 2,000 2,400
1. Faraday Bldg., London-Gladstone Exch. 1-704 2-47, 3-65¢ 461, 5-40, 6-17, 6-88,
2. Gladstone-Elstree 1-72, 2:49, 3-69¢ 461, 544, 625, 6-91,
3. Elstree-St. Albans . 1-70, 2:49, 3-68, 4-594 5-38; 6-20, 6-85;
4. St. Albans—The Iennels 1704 247, 3-584 4-57¢ 5-34, 6-13; 6-80,
5. The Kennels-Streatley .. 1-70, 245, 3:62,4 4:554 536, 6-13, 6-80,
6. Streatley—-Haynes West End 1-72, 2-47, 3624 4:58, 5-38, 6-17, 6-83,
7. Haynes West End-Bedford 1-71, 2:45; 3-60, 4:564 5:37, 6-15, 6-80,
8. Bedford-Turvey .. 1:69, 2-45, 3:624 4:53; 533, ; 613, 6-79,
9. Turvey-Yardley Hastlngs 1-694 244, 3:60, 4-55 5-32;, | 6-10, 6-80,
10. Yardley Hastings— Northampton 1-68; 2:43, 3:705 4-5dy 5:33, 6-13, 6-82
11. Northampton-Upper Heyford . 169 2-48, 3:67; 4-62; 5:42, 6-125 6884
12. Upper Heyford-Daventry 175, 2:52, 3:66, 474, 5-50, 6-20, 6:95,
13. Daventry—Willoughby 175, 2-53; 3-67, 469, 5-514 6:23, 7-00,
14. Willoughby-Stretton-on- Dunsmore 1-764 2-544 3-717, 4-77, 5:58, 6-304 7-05,
15. Stretton-on-Dunsmore-Coventry 1-78; 2-54, 3:79% 4-78, 5:6l; - 6-37; 7-11,
16. Coventry—Meriden 1-76, 254, 375, 4-72, 5:58, | 6-36, 7-084
17. Meriden-Sheldon. . 177, 2-58, 3717, 4:75, 5-59; 6-31, 7-09g
18. Sheldon-Birmingham 1-76, 2-57¢ 3-804 4-82, 5-64, 6-36, 7-18,
Average attenuation db/mile for all sections 1-724 2-49, 3-68, 4-64, 5-45, 6-21, 6-924
Extreme variations from the average values +0-054 +0-08, +0-12, +0-174 +0-19 +0-154 +0-25,
in db —0-04, —0-06, —0-09 —0-09, —0-12, —0-11, —0-124
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Allenuation.

An attenuation-frequency characteristic for a
tvpical repeater section has been given in Fig. 2.
Table 2 summarises in some detail the attenuation
characteristics of the various repeater section lengths.
The variation in attenuation among the four coaxial
pairs in any one section was found to be within the
limits of experimental error in making the measure-
ments but the variation between various sections was
definitely outside these limits. A general tendency
should be noted for the attenuation per mile to be
lower in the sections nearver London. Between Upper
Heyford and Birmingham the attenuation per mile
at 400 kc.p.s. was about 3.5 per cent. higher than
between Upper lleyford and London, while at
2,000 ke.p.s. 1t was about 2.2 per cent. higher.  This
difference can only be accounted for to the extent of
about 1 per cent. by temperature changes during the
progress of the tests and the remaining difference must
be due to non-uniformity in manufacture.  D.C.
resistance measurcments on the central conductors
indicate that the difference is not due to the central
conductor being thicker in the sections nearer London.

Crosstalk:.

The near-end crosstalk frequency characteristic of a
repeater  section  fluctuates  considerably. At
frequencies above 400 ke.p.s. the near-end crosstalk
was alwavs greater than 140 db. The far-end crosstalk
frequency characteristics were smooth curves showing
increasing crosstalk ratios with increasing frequency.
The average values at 400 kc.p.s. were about 128db
between adjacent cores and 119 db. hetween opposite
cores.

Voltage Test.

All the coaxial pairs of the several repeater scctions
successfully withstood an alternating (50 c.p.s.) test
voltage of 2,000 V R.M.S. for 2 minutes.

ImprovED Tyres oF CoaxiaL CaBLE

Since the original type of cable was designed
development work by the manufacturer has been
continuous.  The Birmingham-Manchester coaxial
cable has “ super-cotopa’ in place of cotopa cords
for positioning the inner conductor in the tube.
The result of this maodification is that, although the
mner and outer conductor diameters remain unaltered,
the attenuation has been decreased appreciably due
to a reduction in dielectric loss. In fact, this cable
has the same attenuation at 2.5 Mc.p.s. as the London-
Birmingham coaxial cable at 2.1 Mc.p.s.  Another
modification has been the substitution of mild steel
tapes for the lead sheath surrounding each coaxial
pair, thereby reducing crosstalk in the cable by some
10 db.

A more noticeable modification has occurred in the
Manchester-Newcastle coaxial co sle, the make-up of
a sample of this cable being iltustrated in Tig., 45.
It will be seen that the inner conductor is now
positioned in the centre of the tube by means of rubber
discs, spaced at intervals of about 1.25 in. This
modification has reduced the dielectric loss to such a
low figure that it has been found possible to reduce
the dimensions of the pair to approximately 80
per cent. of their original values, at the same time
retaining the same loss at 2.5 Mc.p.s. as the
Birmingham-Manchester type of cable or 2.1 Mc.p.s.
for the London-Birmingham design; this reduction
in size has necessarily been reflected in the cost of the
cable.

Present Postiion.

Early in the development of the system it was
decided that its possibilities could only be fully
explored by transmitting a complete super group,
i.c. 40 circuits, over the cable and arrangements were
made for the construction of the required terminal
and repcater station equipment ; the super group to
occupyv the frequency band 1,100-1,200 ke.p.s.  In
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view of the complexity of the system, it is essential
that standby equipment, as outlined earlier in this
paper, should always be available during commercial
operation and arrangements have been made for the
provision of this standby equipment so that the
circuits may be handed over to and tested on traffic
as early as possible. Certain preliminary overall
tests of limited scope were made in mid-January of
this year pending the completion of the equipment.

In these tests one coaxial pair, complete with
repeaters and associated equalisers, was set up in
the direction London to Birmingham. For conveni-
ence, arrangements were made to transmit the
signals arriving at Birmingham from London back to
London at audio frequency over order wires, formed
from the interstice pairs available in the complete
cable ; theinterstice pairs are unloaded. The ““ looping
back "’ of the circuit is not, of course, a normal
arrangement and no attempt was made to preserve
the balance of the pairs and so avoid mutual inter-
ference between the pairs and/or the coaxial pairs.
Actually during the demonstration a slight amount
of hum was present due to pick-up on these interstice
pairs from the power supplies which are transmitted
over the coaxial pairs.

The first test consisted in making a two-way
conversation, both talkers being located in London,
over a 4-wire circuit, the go and return channels each
consisting of a coaxial channel up to Birmingham,
thereby including 19 high frequency feedback
repeaters, and an audio channel to bring the signals
back to London, the audio frequency channel
including 6 audio frequency (feedback) repeaters.
Thus the talkers were separated by 250 miles of circuit.
Sufficient time was not available to enable the circuit
to be adjusted to have zeroloss, the actual transmission

equivalent being some 3 db. The demonstration was
successful in every respect, the good quality and
complete absence of echo being particularly noticeable.

The next test was for crosstalk between the two
channels. For this test tone was applied to one channel
at a level 6 db. above the level that is equivalent to
the volume of the loudest speech that is ever likely
to be transmitted, and this will only happen, according
to present evidence, in one case out of a hundred.

The level of crosstalk under these conditions was
only just discernible to an experienced observer.
It is probable that the crosstalk that was audible
arose on the audio frequency portions of the circuit,
i.e. the interstice pairs, since these are not balanced
for crosstalk.

The final test consisted in connecting in tandem the
go and return channels used in the two way test,
so as to provide a single channel 500 miles long,
having a loss of some 6 db. This set-up included
approximately 250 miles of coaxial cable and corres-
ponding repeater equipment and is equivalent to
transmitting signals from London to Leeds. During
this test 38 high frequency repeaters and 12 audio
frequency repeaters were operating in series. A
slight degradation of quality was observed due no
doubt to the extra audio frequency pairs and terminal
equipment, which would not normally be used. For
instance, signals from London to Leeds over the
coaxial cable will not normally be reduced to audio
frequency at any intermediate point on the system.

Since these early tests both coaxial pairs, complete
with repeaters and associated equalisers, have been
set up and all the carrier generating and frequency
translating equipment for 40 circuits installed
and adjusted. Details of the further test results
obtained will be given in a subsequent article.

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 31st DECEMBER, 1937.

Number of Overhead Wire Mileages | Engineering Underground Wire Mileages
Telephones | Telegraph | Trunk | Exchange* Spare District Telegraph | Trunk | Exchanget | Spare
— ———— e e | e e [ B —]
1,105,788 368 1,305 58,072 5,008 London 32,124 279,692 4,289,668 ‘ 85,760
135,531 1,690 1,775 64,590 12,597 S. Eastern 6,337 118,808 421,356 ‘1 54,790
159,907 2,215 12,803 127,231 9,841 S. Western 19,297 129,188 354,884 71,284
115,603 2,819 12,344 111,929 17,480 Eastern 8,327 132,180 252,722 64,058
132,834 3,399 13,060 84,062 25,703 N. Midland 9,098 203,786 300,105 103,490
149,410 1,864 8,100 97,155 17,292 | S. Midland 10,078 172,968 443,663 62,462
78,066 1,173 6,715 72,162 11,683 S. Wales 5,662 75,322 175,859 42,274
196,160 1,610 9,618 107,233 23,352 N. Wales 11,791 206,064 555,306 117,110
234,058 971 1,477 39,040 8,884 S. Lancs. 9,292 118,074 821,683 58,588
98,243 739 2,170 40,478 17,447 N. Western 6,287 113,380 299,879 60,750
38,438 2,873 8,112 22,825 1,185 N. Ireland 1,439 9,784 98,222 23,684
278,044 4,763 15,852 115,043 29,238 N.E. Region 16,784 231,126 790,618 137,834
261,011 6,335 25,819 126,969 24,627 Scot. Reg. 8,560 200,598 552,456 101,992
2,983,093 30,819 119,150 1,066,789 204,337 Totals 145,076 (1,990,970 9,356,421 983,976
Totals as at
2,910,011 32,064 124,076 1,054,071 198,209 |30 Sept., 1937 146,297 |1,925,606 9,240,459 905,030

* Includes low gauge spare wires, i.e. 40 1b.
1 Includes all spare wires in local underground cables.



Noise and Treatments for its Reduction in

Telephone Exchange Manual Switchrooms
E. C. C. STEVENS and JACK CULLUM (Horace W. Cullum & Co. Ltd.)

The authors discuss the nature of noise and the amount which may be tolerated in Telephone Exchange manual switchrooms
and give a number of different treatments by which the noise level may be reduced.

Introduction.

OISE has been broadly defined as all un-
N wanted sound. This definition includes not

only incidental sounds such as from mechanical
machines, movement of persons, etc., but also speech,
which, although regarded as sound by the interested
recipient, is noise to uninterested persons within
audible range.

With the advancement of civilisation the noises
from these sources have steadily increased until they
are of such proportions that the public are rapidly
becoming noise conscious. This is noticed in the
formation of a ““ Noise Abatement League,”’ articles
in the national press on noise reduction and the
proposal to limit the maximum noise emitted by
motor vehicles, etc. Sound in buildings is being
controlled, forming a new industry which has grown
to importance during the last decade. A new labora-
tory has been built at the National Physical Laboratory
to enable acoustic measurements to be made of sound-
absorbing materials, and at the Building Research
Station at Watford, floors are tested for insulation
against sound. The British Post Office has an
acoustic group at Dollis Hill. In addition to the
normal work of this group on electro-acoustical
telephone apparatus (microphones, receivers, etc.),
noise problems affecting the Engineering Department
are investigated. Here, rooms have been treated with
various experimental sound-absorbing materials, and
in other rooms sources of artificial noise have been
set up for testing apparatus under service conditions.

Sownd.

When a sound is produced in a room it will continue
to be heard in the room until it is either absorbed by
absorbing surfaces in the room or transmitted through
to adjoining rooms or out into the open air.

In an ordinary room or office the surfaces do not
normally absorb sound to any great extent, and in
consequence the beam of sound is reflected from them
a large number of times before its energy is reduced
below the audible limit. These reflections cause the
listener to be subjected not only to sounds just pro-
duced but also to those from some considerable
antecedent period ; the level of sound or noise in
the room is thus greatly increased. A room of
this nature is termed ‘' reverberant.”

Sound Absorption.

If the surfaces of a room are lined with materials
which readily absorb sound or if sound-absorbing
materials in some form or other are present in the
room the level of the sound is lowered. This is due
to the energy of the individual sound waves being
reduced (by rapid absorption) to below an audible
value in a lesser number of reflections from the
absorbing surfaces. Tf a large quantity of sound-

absorbing material is provided the room will sound
““dead.” The amount of absorption which should be
provided depends upon the use to which the room is
to be put. Sound-absorbing materials are used for
two main general purposes :

(a) To provide good acoustic conditions in theatres,
churches and auditoriums.

(b) To reduce the loudness level of the room noise
where direct reduction of the noise at its source
is impracticable.

It is with purpose (b) that the Post Office Engineer-
ing Department is mainly concerned.

SOME CONSIDERATIONS OF NOISE, ITS EFFECT AND
REDUCTION IN EXCHANGE MANUAL SWITCHROOMS.

With the noise and transmission levels usual in
manual switchrooms a reduction of ¥ db. in room
noise is practically equivalent to a gain of a similar
amount in the reception efficiency. Clearly, there-
fore, the masking effects of room noise should be
judged in relation to the reception efficiency.

The ideal way of reducing noise is by stopping or
reducing it at its source, either by mechanical changes
or surrounding the source with absorbents (a typical
example of this is the cover of a teleprinter). If this
is not possible, then absorption material in the room
can be used. If sound enters from outside (traffic
noises, etc.) the room should be ‘ sound-proofed.”
Double windows should be employed (or one window
with heavy glazing) and artificial ventilation installed.
Such treatment is best provided when the building is
being erected.

Noise encountered in telephone exchange manual
switchrooms falls under one or both of the following
headings :

(@) Traffic and Machinery.

Noise due to these causes may be considered as
entering the room at a fixed level and from no
particular source. For such noise, if there is little
absorption in the room initially, the addition of an
absorbent treatment gives appreciable relief, but this
method of dealing with the problem has only a
limited effectiveness. For example, if the room
contains x absorbent units initially, then the addition
of another «x units reduces the noise by 3 db., a further
2 x units would be required for a further reduction of
3 db. and so on. The correct treatment for noises of
this kind is to prevent their entering the room by
means of sound-proofing or sound-insulating con-
struction.

(b) Speech.

Since noise due to this cause cannot be eliminated

at the source, an absorbing treatment (if the room is

reverberant) provides the most effective method of
reducing the noise level. This can give additional
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benefit by influencing speakers to lower their voices,
i.e. by reducing the power level at which noise is
generated. This psychological effect has been
observed in certain treated rooms in which measure-
ments have been made.

The Best Position for an Absorbent Treatment in
Switchrooms.

It is generally required to reduce the noise level in
the whole room, and for this purpose the exact
position of the absorbent material is unimportant.
The ceiling is very often used as offering a large
surface where the treatment can be applied with
minimum obtrusiveness of fitting. Although this
treatment is effective for lowering the general level of
room noise it will not appreciably reduce the noise
heard from a nearby source of sound. Thus the treat-
ment of a switchroom will reduce the particular noise
at one operator’s position due to speech at an adjacent
position only in so far as it helps to control the speech
of the opcrators at a rcasonable level.

When it is desired to quieten the room in the
vicinity of a listener in a particular position, the effect
of an absorbing treatment will be greater the nearer
it is placed to the listener and/or to the sources of
sound.

An absorbent treatment in the form of a complete
partition sub-dividing a room gives more protection
from noise than would the same amount applied
directly on the ceilings or walls.

Amount of Absorption Required.

The question whether the reverberation of a given
room, used for a stated purpose, is excessive or not,
can be answered by experience only, that is to say
by the collective opinion of a number of persons
accustomed to use rooms for a similar purpose. The
information has been collected only for the use of a
room as an auditorium. In an auditorium there is an
optimum reverberation time. A time longer than the
optimum results in a loss of definition or intelligibility,
and too short a time creates a *“ deadness ’ and a loss
in quality of tone. For the Post Office purposes there
would not, as a rule, be too short a reverberation time
from the acoustic point of view, but the expense
involved in carrying an absorbent treatment beyond
a certain stage would be excessive.

An approximate rule, based on the optimum
reverberation time of a room used as an auditorium,
may be applied as a guide to an upper limit of what is
reasonably tolerable in the way of reverberation in an
exchange switchroom. Thus, if T is the optimum
reverberation time of the room used as an auditorium
then for most other usages (switchrooms, etc., in
which absorption by the furniture is slight) a rever-
beration time not greater than 2T for the unfurnished
room would not be considered excessive.

Based on this rule, Table I shows the minimum
number of absorption units required in rooms of
various cubic capacities.

This minimum should provide sufficient absorption
in the majority of rooms, but in certain locations
(such as in phonogram rooms and at enquiry positions)
where acoustical considerations are especially
important or where the work entails the hearing of
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TaBLE I.

Minimum number of
absorption units

Volume of Room
(cubic feet)

5,000 125

10,000 250

20,000 400

40,000 750

80,000 1,300
(Absorption units == surface area of absorbing

treatment in square feet X absorption coefficient
of material used.)
difficult messages, the higher cost of more absorption
would be justified.

Selection of an Absorbent Treatiment.

In selecting a treatment for a manual switchroom
several considerations have to be taken into account—
cost, acoustical efficiency, decorative appcarance,
fire risk and hygiene.

The acoustical efficiency can be assessed on a cost
basis when the absorption coefficient of the material
is known. There are two methods of finding this
coefficient, and these may be classified broadly as the
stationary wave or small sample method (this is based
essentially on measurements of the stationary wave
obtained in a tube closed at one end with a sample of
the material under test) and the reverberation or
large sample method (in this test the material is
assembled in a room and the absorbent coefficient
calculated from measurements of reverberation time
made before and after introducing the absorbent
material). The National Physical Laboratory has
facilities for making the latter test which is the one
generally used because it has the advantage that it
applies to sound coming from all directions and takes
into account, not only the material itself but also the
manner of its application and this can influence the
coefficient to a marked extent. The test is made at
several frequencies and Fig. 1 shows typical curves of
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absorbent coefficients plotted against frequency. As
an interesting comparison a curve is also shown for a
lath and lime plaster wall.

A single figure is generally required for the
coefficient of a material in order to calculate the
absorption units. For Post Office rooms, wherein the
noise is mainly due to speech, preference should be
given to the middle frequencies. At the lower
frequencies the hearing is less acute and at the higher
frequencies sound is produced at a lower level of
intensity.

Post Office practice is to mean the coefficients
obtained at frequencies of 250 and 2,000 cycles per
second and average this figure in with those obtained
at the intermediate frequencies of 500 and 1,000 cycles
per second.

Decoration of Sound Absorbent Treatnient.

An important consideration in the design of a
treatment is the question of decoration. A material
which is a satisfactory absorbent of sound may have
this property spoiled or considerably reduced by the
application of decorative materials to its surface.
The paint or distemper covers up either wholly or
partially the pores via which sound is absorbed.

Some methods of treatment used by the Post Office
which aim at combining acoustic efficiency with
artistic merit are described in the following paragraphs.

If the material is of the rigid type and the surface
can be given a decorative finish that is aesthetically
pleasing, the surface facing the room is dealt with in
this manner. The sound is then allowed access into
the material via porous surfaces obtained by arranging
a honeycomb of holes on the surface (see Fig. 2), or
alternatively by fixing the material in strip form with

F1G6. 2.—PorTIiON OF RIGID ABSORBENT MATERIAL, SHOWING
HoxevcoMmB oF HoLes 1N FAcCE.

spaces between the strips so that sound has access
via the interstices to the unpainted side surfaces.

Other methods adaptable to any absorbent material
but especially suitable for those surfaces that do not
present a pleasing appearance when decorated,
consist of covering the treatment with a painted
surface of paper or muslin perforated with small holes
close together. Instead of paper and muslin,
perforated oil-cloth (cribble cloth) can be used and
re-decoration carried out by sponge-washing the
surface.

The juxtaposition of the facing cloth (painted
muslin, cribble cloth, etc.) with the sound absorbent
does not adversely affect its acoustic efficiency. In
fact, on reference to curves 1 and 3 of Fig. 3 it will be
seen to increase the coefficient at the middle
frequencies. Curve 2 of the same figure was obtained

prior to perforating the painted muslin surface, and
this indicates how necessary are the perforations to
nullify the harmful effect of paint on the absorbent
property of the material. With cribble cloth, a
similar gain in absorbent coefficient is obtained at the
middle frequencies, the actual amount of gain and
shape of the curve depending upon the diameter of
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the holes in the cloth. Fig. 4 shows curves of an
absorbent material alone and when faced with cribble
cloths of 01 and 0-09 inch diameter holes respectively.

In the treatment of the International telephone
exchange, London, which will be described later,
perforated sheet-metal takes the place of cribble

©)
L09

o8 7é

[S)
w 07

\

™\
10,

0-5
0-4
03
0-2
(o}]|

0]
250 500 1000 2000

FREQUENCY - c.p.S

ABSORBENT COEF

CURVE.@-A PROPRIETARY ABSORBENT MATERIAL

» —THE MATERIAL FACED WITH CRIBBLE
CLOTH O-:1 DIA, HOLES

» (@-As @) BUT 0.09"DIA. HOLES

Fic. 4. —EFrFEcT OoF CRIBBLE CLOTH FACING SHEET UPON
ABSORBENT COEFFICIENT.

59



cloth. Although metal is a very good reflector of
sound, when perforated with holes covering about
10 per cent. of the total surface area, it is rcasonably
transparent to sound which passes through and is
absorbed by the material behind. A rigid perforated
facing sheet may even increase the cfficiency of the
treatment over certain frequencies depending upon
the pitch and diameter of the holes. This treatment
can be washed or repainted with a minimum of
difficulty if care is taken not to obstruct the
perforations.

TREATMENTS THAT HAVE BEEN APPLIED TO MANUAL
SWITCHROOMS.
In the following paragraphs, some of the treatments
that have been used in exchange switchrooms in this
country are described.

Switchrooms in Faraday Building.

The International telephone exchange was treated
in 1932 with an acoustic ceiling consisting of a
perforated metal facing sheet with a 2-inch thickness
of rock wool independently suspended above.

Rock wool, which is largely used in the acoustic
lining of sound film studios, 1s a good sound absorbent.
It possesses a frequency absorption characteristic
which is sensibly flat over a wide frequency range.

The application of this material to the particular
requirements of the Post Office presented a number
of difficultics. The design was also complicated by
the necessity for avoiding all combustible materials.
Jeven hard wood such as teak or oak was not permitted
in the construction. The installation finally adopted
was designed by the Office of Works in collaboration
with Messrs. H. W. Cullum & Co., Ltd., the acoustic
specialists who carried out the work.

At the company’s works at King’s Cross the rock
wool was made up into blankets 6 feet long by 2 feet
wide. It was then laid on small mesh wire netting
stretched  across  the switchroom ceiling;  this
supported it clear of the perforated metal facing
sheet which is independently fixed to the ceiling. In
this way bellying of the facing sheet is avoided.
Owing to the nccessity for a ceiling to possess high
light reflecting qualitics this point is very important.

The facing sheet is in the form of perforated
cnamelled metal trays, each 16 inches square. The
method of construction is shown in Fig, 5. Strip-iron

IRON STRIP SUSPENDING
T SECTION FROM CEILING

2'ROCK WOOL
BLANKET , ~,$>

A A

== -
\PERFORATED METAL TRAYS
116, 5. —Rock WooL WiTH PERFORATED METAL TPACING SHEET,

brackets hold the trays between parallel inverted
“T" pieces which run across the room 16 inches
apart. The “T" pieces are suspended from the
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ceiling with iron strips of sufticient length to locate
the perforated trays about 2 fect below the ceiling
proper. The treatment was constructed this distance
below the ceiling to obtain a surface in one plane.
At this level the various obstructions (pipework and
beams in the ceiling construction) are avoided. The
appearance of this treatment is shown in Iig. 6.

Other treatments of lower price were tried in other
exchanges in the same bhuilding.  One of the
treatments most extensively used employs the same
absorhbent material but has a perforated ashestos
cement facing sheet instead of metal. This was fixed
in pancls 2 feet square with Dbevelled edges and
painted after fixing.  The holes are | inch diameter
on }-inch centres.

T16. 6.—CEILING TREATMENT IN INTERNATIONAL EXCHANGE,

Cullum Acoustic Felt Treatment.

The sound absorbent used in this treatment is a
proprietary brand of hair and asbestos felt which is
manufactured in several thicknesses and a variety of
finishes. It has high acoustic cfficiency and when
faced with cribble cloth (the usual finish) can be
washed and presents an appcarance which is not
unpleasing to the ecye. The treatment has been
installed with satisfactory results in a number of
exchanges in Great Britain.

The usual method of fixing is to glue the (elt to the
cciling with a waterproof cement, all joints being
carefully butted. The cribble cloth is thereafter
applied with non-filming size. The latter product has
been specially developed for the purposes of gluing
together porous materials without clogging the pores.



As an alternative to the cribble cloth finish, muslin
1s used. This material is fixed in the same way and
after painting (and pricking with pinholes after the
paint is dry} has an appearance which is almost
indistinguishable from painted plaster. ¥ig. 7 shows
the appcarance of this treatment, with three
alternative finishes.

L] e ‘s [ 4 [ ]

e @ L] L] [ ]

Sanded Muslin Finish

Pricked Muslin Finish

FiG. 7.—CurrLusM AcousTiC FELT TREATMENTS.

Strzp Building Board Treatment,

This is one of several treatments tried out in rooms
in the Research Building at Dollis Hill. It was
developed by the acoustic group of that Branch in
1931 as an efficient, cheap alternative to the rather
expensive commercial treatments at that time. As
in other treatments, a surface of a porous nature is
used, but in addition a non-porous membrane surface
is incorporated in the construction. This is held
loosely and there is an appreciable dissipation of
sound energy by its mechanical vibration.

Tests made in the Rescarch Branch showed that
paper was a matcrial specially suitable for dissipating
sound mechanically, and this in conjunction with a
fibre building Doard (which suppliecs the porous
portion) was used in the treatment.

Trig. 8 shows the method ol construction used in the
room at Dollis Hill. Wood battens were screwed to
the ceiling about 20 inches apart and with their lower
surfaces about 1 inch Dbelow the ceiling. A good
quality ceiling lining paper, 20 inches wide was
pinned to the Dbattens to cover the ceiling arca.
Iinally the building board, cut in strips 2 inches wide
was fastened transverscly to the battens, a space of
4 inch Dbeing left between the strips.  This treatment
may be decorated without appreciable effect on the
sound-absorbing properties if carc is taken in painting
to prevent access ol the paint to the interstices.

Y

PAPER BUILDING BOARD STRIPS

SIDE ELEVATION ENO ELEVATION

't 8.—CoxstrucrioNn or Strir BuiLping Boarp
TREATMENT.

A treatment on these lines was installed at Dudley
exchange and tests made when half the ceiling had
been covered showed a reduction in reverberation
time for the room of from 4-] to 2-2 scconds. In this
exchange, to improve the appearance and present a
flat surface to the eye, the treatment was covered
with cloth and painted, with the result that the
efficiency was somewhat reduced.

The treatment has also been made up in the form
of wall pancls and folding screens for local application.

/A bsorbent Slabs.

Absorbent material of a fibrous natureis made up
in the form of a rectangular slab. It isa rigid unit
which can be fixed in position with anadhesive or
screwed to battens previously attached to the cesling.

A treatment carried out with this type of material
presents a surficce which can be distempered with the
aid of a high pressure spray gun (in this application
carc must be taken not to clog the pores of the material
unduly), or alternately covered with muslin, dis-
tempered and then finely pricked all over to allow
the sound access to the absorbent material.

Abserbent Tiles.

These are of a similar nature to the slabs mentioned
above, but they are usually smaller and provided with
bevelled edges. Each tile has a number of holes
spaced regularly over the surface. The more porous
surface that the walls of the holes offer to the sound
acts as a betterab:sorbent than the tile face, especially
if the latter is painted or distempered. The method
of fixing is the same as for an absorbent slab.

Ceitclusion.

In conclusion the authors would state that they
have not attempted to describe all the sound-
absorption treatments that have been installed, but
in their opinion those mentioned are fairly repre-
sentative of the ones in use by the Post Office.

61



Australian Commonwealth Communications

H. P. BROWN,

Director-General
Australian Posts and Telegraphs

This article, which is reprinted from “ The Times Australia 150th Anniversary Number >’ by kind permission of the Editor,
gives a complete summary of the recent growth of the communication services throughout the Commonwealth of Australia.

transportation and communications must play a

vital part. In fact, it would be true to say that a
country’s progress is dependent on the creation of
these two services and their subsequent control and
operation in an efficient manner.

Australia has an unusual problem to solve during
the period of its growth because of the great distances
between its existing centres of population, the wide
expanse of its territories, and the small number of its
inhabitants. The area of the country is roughly
3,000,000 square miles—26 times as large as the
United Kingdom—and its people number fewer than
7,000,000, about two-thirds of the population of
Greater London.

The establishment of communications for the
transmission of intelligence by electrical means no
longer presents a serious technical problem, for
science has shown the way to overcome almost
limitless distances in conveying signals or even the
spoken word. The problem is economic. In a densely
populated country heavy traffic is carried over short
distances and the return on investment is proportion-
ately high, but under conditions of long distances and
small volumes of traffic expense is likely to get out of
proportion to possible income, and the large sums
needed for a far-flung intercommunication system
may retard an expansion very- desirable and quite
profitable in an indirect way from the national
standpoint.

IN the expansion and development of a nation,

Mudti-Channel Systens.

The Commonwealth Post Office has taken advantage
of the results of all technical research pursued in other
countries and within Australia itself, and has incor-
porated in its telephone, telegraph and radio services
the most modern equipment available. Its telegraph
and telephone lines, mostly composed of copper wires
erected on poles (except in the cities, where extensive
underground cable networks exist), have been recon-
structed in recent years to give the greatest possible
freedom from interruption, and to afford such a
standard of design that the modern multi-channel
telephone or telegraph systems may be superimposed
on them to the utmost extent permissible by electrical
considerations.

These multi-channel or carrier systems, as they are
known, allow for several conversations to be trans-
mitted simultaneously on one pair of wires or,
alternatively, many telegrams may be signalled over
the one pair of wires at the same time as telephone
conversations are taking place. The Post Office has
in service 225 channels of this character, which give
a service equivalent to that which, under earlier
methods, would have required the erection of over
167,000 miles of copper wire.

Complete Telephone Network.
Australia has now a complete telephone network
giving full inter-communication to all its populated
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area, the last important link in the system being the
ocean cable connecting the mainland of Victoria with
Tasmania, nearly 200 miles across the Bass Strait.
This cable contains only one conductor, yet it carries
simultaneously six telephone conversations, ten tele-
grams, and a musical programme which can thus be
broadcast from Tasmanian stations at the same time
as it is being transmitted by stations on the mainland.

In the cities numerous large, modern automatic
telephone exchanges have been provided, and in the
rural areas a rapid introduction of automatic or dial
telephones is taking place. The telephone habit has
been highly cultivated and every encouragement has
been offered by maintaining the charges at the lowest
possible level short of making the system a burden on
the general taxpayer.

Australia takes seventh place in the order of
greatest telephone density among the countries of the
world, Great Britain occupying ninth place. There
are 607,000 telephones in use, obtaining service
through 6,250 exchanges. The revenue from the
telephone branch of the Post Office was £7,061,200
for the year ended June 30, 1937.

Automatic machine printing systems have largely -
superseded the older form of telegraph apparatus.
Great distances are covered by direct transmission,
as, for instance, the 2,708 miles from Perth to Sydney.
Instantaneously with the operation of a typewriter
keyboard at the transmitting station in Perth the
telegram is printed automatically letter by letter in
Sydney.

Telegraph density is high, Australia occupying
second place among the greatest telegraph users of
the nations of the world. There are 9,252 telegraph
offices, and the year’s revenue to June, 1937, was
£1,370,517.

Australia is remarkably well served by oversea
communications. Submarine cables diverge from
three main points. These are Perth, leading to
Africa, with access to Europe and America by the
Atlantic and also connecting by the Indian Ocean
with the East, with India and through the Mediter-
ranean with the United Kingdom, Europe, etc.;
Darwin, the landing point for cables extending to the
Malay States and Singapore, also giving an outlet
through the extensive main Indian Ocean system ;
and Sydney, the important centre for the cables
extending to New Zealand, the Pacific Islands, and
Canada, which give access to the whole American
continent and across the Atlantic to Europe.

Radio high-speed telegraph stations also carry
heavy volumes of traffic direct to the United Kingdom
and to Canada, from both of which places more distant
distribution and collection of traffic takes place.

A radio telephone service operates to New Zealand
and another to the United Kingdom, by means of
which it is possible to communicate via London with
95 per cent. of the world’s telephone subscribers.



Road, Rail and Air Mails.

On the postal side the development has not been
neglected. There is scarcely a resident, even in the
most remote and isolated parts, who is not served.
Although the railway system has been built to an
almost lavish extent, providing a wonderful service,
it does not reach many of the thinly populated areas
and, in consequence, more than 5,000 road mail
services have been established. These are under-
taken by motor, horse-drawn vehicles, and pack
horse, and the distance traversed exceeds 35,000,000
miles per annum. The length of route of some of
these services reaches the great distance of 650 miles.

The Sydney General Post Office contains one of the
most extensive and comprehensive mechanical mail-
handling plants to be found in any postal administra-
tion in the world. It embodies most ingenious
electrically controlled machines for the internal con-
veyance and distribution of the great volume and
diversity of mail matter to be dealt with.

The Post Office disposes of approximately
1,000,000,000 items of mail annually. Air mail
services extend over the whole continent and cover
a route distance of 17,185 miles. The distance flown
by these services reached a total of 4,505,000 miles
during the year ended June, 1937. Further rapid
expansion is taking place, and it is the intention to
carry all first-class mail by air between the six State
capital cities in the near future. This plan, which is
in process of development, will revolutionise the long-
distance postal service as it will reduce the time of
transit to a fraction of that now occupied.

An air mail service exists between Australia and
the United Kingdom and reduces the normal sea
transit time from 31 days to 13. Within 12 months

a further speeding up is expected which will enable
the journey to be covered in 10 days, with subsequent
improvements in the near future, bringing Australia
within seven days of the United Kingdom.

The revenue from the Postal Branch reached
£6,170,233 during the year ended June 30, 1937.

Broadcasting Stations.

Broadcasting in Australia has grown at a pheno-
menally rapid rate. The Post Office now possesses
22 national stations distributed from Townsville
(0ld.) in the north to Perth (W.A.) in the west, and a
complete system of high quality programme lines
interconnects all these, making it possible to transmit
simultaneously any programme from the whole or
any portion of this group of stations.

There are now over 986,000 licensed broadcast
listeners and within a few weeks the number will reach
the million mark. There are also 89 licensed broad-
casting stations spread throughout the Common-
wealth. These are operated by private enterprise
and form a most valuable adjunct to the national
service, by giving the listener a varied choice of
programmes of high quality.

The Commonwealth Post Office employs 45,000
people and operates approximately 10,000 post offices.
Its assets are represented by £58,067,000 of capital.
Its income for the year ended June 30, 1937, was
approximately £16,000,000, and its expenditure,
including depreciation and interest, was approxi-
mately £12,315,000. It is fortunate in its staff, who
have a great pride in their service and who insist that
the Post Office shall be a live and progressive organisa-
tion contributing to the full towards the development
and prosperity of their country.

The Three=Millionth Telephone

In the Post Office Electrical Engineers’ Journal for
1922/23, page 357, the following appeared :—

‘ After an extraordinarily checkered career the
telephone system of this country in September last
reached a million stations, exclusive of the telephone
stations in Ireland. An eminent millionaire is said to
have made the statement that in the amassing of a
fortune the first £100 is the most difficult part of the
task. In a similar way, it is perhaps not inappropriate

TOTAL NUMBER OF TELEPHONE STATIONS

(AS AT 31 MARCH)

M1l LLI ONS

to say that in the setting up of a telephone system
the acquiring of a million stations is the most difficult
part. This is perhaps more apt in the case of the
telephone system than in the amassing of a fortune,
as heritage may play a very important partinacquiring
a fortune. There is a very important financial aspect
of a million stations that is not to be overlooked.
When a telephone system is small, establishment
charges, supervision costs and many other overhead
expenses must of necessity be comparatively high per
station, but the magic number 1,000,000 is symbolical
of greatness, and one expects from that achievement
onwards overhead charges per station will be reduced,
that practices which previously might be regarded as
uneconomical may in future be placed within the
realm of practical needs. TheBoardof Editorsfeel that
this moment should not pass without comment in the
Journal, and it is hoped that in spite of all the
hindrances and difficulties following the European
upheaval, trade in this country will gradually recover
and that an era of coming prosperity will bring the
inevitable concurrent progress of the Government
telephone system and that the second million stations
will be acquired in record time.”

Now that the telephone system of the country has
topped 3,000,000 stations, it may be interesting to
our readers to see how the hopes of 1922 have been
realised.
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Pneumatic Dispatch Tubes—their

Economics and Uses

J. E. McGREGOR, A.C.G.I, AM.LEE.

The use of street, house and ticket tubes is compared with other methods of dealing with messages and some cost figuresare given,

Introduction.

NEUMATIC tubes used for the dispatch of
Pmessages fall naturally into three classes :—

street tubes connecting buildings, house tubes
and ticket tubes connecting parts of the same building.
House tubes use carriers in which the telegraph forms,
telephone fault dockets, etc. are conveyed and ticket
tubes convey trunk call record tickets or similar
items without the use of a carrier.

When it is necessary to transmit messages such as
telegrams from office to office or from one part of a
building to another, it is necessary to compare the
costs and relative advantages of the various methods
available, i.e., messengers, telephone or teleprinter
circuits, or pneumatic tubes. The first may generally
be neglected owing to considerations of cost and delay,
and of the others pneumatic tubes have the great
advantage of handling without delay messages arriving
in bulk which would have to wait their turn for
transmission by wire, while with telegrams, since the
actual forms are transmitted to and from the central
telegraph office, errors in retransmitting by tele-
phone or telegraph are obviated. When the costs are
compared, though wired circuits are cheaper to
provide they are relatively costly to operate, whereas
pneumatic street tubes, though the capital cost of
laying is comparatively high, have a long economic
life (40 years), are cheap to operate and their overall
annual costs are consequently not excessive.

The advantages of pneumatic tube transmission
are recognised by many newspaper offices and
cable companies which rent tubes from the
Department.

Street Tutbes.

Street tubes may be laid radially from the central
telegraph office direct to the various branch offices
with occasionally one intermediate station if an
office is close to the route, or a number of offices
may be grouped in series on one tube. The latter
method gives direct intercommunication between the
various offices and has its uses in connection with ex-
press letters, etc., but involves working to a time-
table or employing complicated and expensive
switching arrangements (sometimes controlled by the
carriers themselves) unless every carrier is stopped
and examined at every office on the tube. Furthermore
it introduces undesirable delays as far as telegraph
traffic is concerned. The radial system is normally
employed by the Department.

The cost of laying a street tube is of course propor-
tional to the length and will- depend on the nature of
the roadway or pathway under which it is laid. Where
subways exist tubes can be run very cheaply, brass
tubing being used instead of the lead tube in C.I.
pipe used for buried work. Iron or steel tubing
is not normally used by the Department as the fric-

64

UNITS PER ANNUM

tional drag on the carrier is greater, there is constant
liability to rust, and with the large number of joints
there is always liability to trouble which offsets any
economy in capital expenditure resulting from the
use of cheaper material. For tubes larger than 3 ins.
diameter, however, lead would have to be abandoned
in favour of iron or steel for mechanical reasons as
the lead tubing would tend to deform.

Although 1} ins. diameter tubes can be used for
short distances and light traffic they do not present
much economy over larger tubes apart from the cost
of material. The standard 2} ins. diameter tube is
generally used in such circumstances as there is very
little saving in the power required by the use of the
small tube if the same transit time obtains, whereas
the reserve capacity of the larger tube at rush times
is a valuable asset.

For first estimates a figure of £2 10s. per yard may
be taken as the cost of a tube but this is liable to wide
4+ variations when the actual route is surveyed. For
very long distances, i.e., above 2,000-3,000 yards,
3 ins. diameter tubes have to be considered to main-
tain a reasonable transit time. Terminal apparatus is
not costly, except where automatic plant is installed,
and wherc there is a fairly long internal run should be
covered by the above figure.

In recent years there has been a radical change in
the method of operating the tubes resulting in a
considerable saving in power. In the past, generally
the same pressure was applied whatever the length
of the tube, so that the shorter the tube the higher
was the velocity obtained. Instead of standardising
the pressure a standard velocity of 30 ft./sec. is now
aimed at and obtained on all but thelongest tubes, the
power taken being proportional to thelength of the tube
(Fig 1). Street tubes are, of course, operated by vacuum
as well as pressure but as more power is required under
pressure working, this is taken as the basis in these
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notes. Estimates of the power consumption must
include the consideration of many variables. On
long busy tubes more than one carrier may be travel-
ling at the same time and the power used per carrier
will then be reduced. On large systems there will be
a diversity of use of the tubes and it is not necessary
to consider standby running losses of the compressors,
but where only one or two tubes are connected and
the compressor is kept running between the transits
of carriers there will be the standby power consumption
shown in Fig. 2. On small systems where traffic is
small it will generally be practicable to run the com-
pressor when required and only the current taken
when carriers are in transit need then be considered.

Where there are existing systems the addition of an
extra tube will not generally involve alterations or
additions to the air compressing plant but the cost
of this and the provision of space for the installation
has to be considered for new systems. This cost,
however, does not amount to a big charge and should
be covered by a 5-10 per cent. addition to the capital
cost of the tube,

Except in London where, owing to the complexity
of the service, tube attendants are employed at the
C.T.O., no special operating staff is required. In
London, however, the tubes have now been converted
to automatic working, which simplifies and makes the
operation similar to that on house tubes, and there
have been both a considerable reduction in operating
staff and large economies in power owing to the
automatic cutting off of the air supply at the moment
of arrival of a carrier. At branch offices up-traffic
is inserted in the tube by the counter staff, and down-
traffic for local delivery is taken directly to the
messengers’ room so that there are savings both as
regards staff and accommodation as compared with
the transmission of the telegrams by wire.

House Tubes.

With house tubes the capital cost per yard run is
small, compared with street tubes, as light brass
tubing with cemented sleeve joints is used instead of
the lead tube in C.I. pipes used for street tube working.
As the runs are generally short the cost of terminal
apparatus becomes of greater importance and cheap-
ness in design is necessary.

These tubes are of great utility in connecting one
part of an office or building with another, they are
inconspicuous, the runs are fairly flexible, and since
the system is operated by means of a low vacuum of
only about } 1b. per sq. inch below atmosphere, the
cost of power is low while the convenience is high.

Generally the blower operating the tube or tubes is
left running continuously although, when only one
tube is connected, it may be shut down between
messages except at very busy times. As a } h.p.
motor only is installed to drive the blower or fan
on systems up to three 14-inch loops the power used
per tube is small.

Although, of course, the cost of the tube will vary
with its length, an average figure of £40 to £50 per
tube will generally cover all installation costs including
the blower. 21 ins. tubes are used occasionally where
the length of the run is over 300 feet and the cost of
the tube and blower will then be higher. Generally the
1} in. tube meets all requirements and as carriers may
be fed in, one after the other if necessary, the carrying
capacity is high notwithstanding the smallness of
the carrier used.

Ticket Tubes.

The ticket tubes used in trunk telephone exchanges,
to collect and distribute the call record tickets,
although also of brass, are rather more expensive to
install than house tubes as, owing to the rectangular
section used, the tubing, bends and twists are more
costly to produce than are tubes and bends of
circular section. Again owing to the difficulty of
inserting tickets in pressure operated tubes and
especially of obtaining automatic ejection of tickets
from vacuum operated tubes, the cost of terminal
apparatus is greater and in earlier days was the
principal item to consider on a short tube. This has
been altered by the adoption of the author’s design
of discharge terminal, and the cost is now not much
greater than that of the apparatus used on carrier
operated house tubes, so that the cost of installing
the tube itself is now the predominent factor, this
being about double that of a comparable house tube.

The power taken to operate these tubes (about
1/10 H.P. per tube on a large installation) is very
small and almost negligible on collecting tubes when
it is considered that only one tube is necessary to
collect the tickets from up to 9 or 10 operators.

Blowers are installed in duplicate owing to the
importance of keeping the tubes in operation. The
cost per H.P. for installing the blowers (in duplicate)
and ductwork for the air supply varies with the size
of installation and has fallen considerably during the
past few years to about £3 10s. to £4 per tube on a
fairly large installation. These blowers are installed.
to meet the ultimate requirements as far as possible.

Owing to their simplicity of operation and the
rapidity with which the tickets may be transferred
to a second operator or to the filing position, these
ticket tubes have no serious competition. Conveyors
are much slower and although practicable on straight
runs they become too complicated when the layout
of the usual trunk exchange is considered. Hand
collection is slow, uncertain and causes congestion in
the exchange, so that cost, though important, is not
the all important factor which decides the adoption
of ticket tubes. Speed and reliability are all important
and without this facility the general speeding up of
trunk working which has been carried out in the
last few years would to a certain extent have been
unrealisable.
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Notes and Comments

New Year Honours

We were pleased to learn of the recognition accorded
to Mr. T. H. Boyd, the Assistant Director-General,
in the New Year Honours List, in which the Com-
panionship of the Most Honourable Order of the
Bath was conferred upon him.

It was also a great pleasure to see in the List the
name of Mr. B. O. Anson, Assistant Engineer-in-
Chief, who was awarded the O.B.E., and those of
Mr. T. H. Edgerton, Assistant Superintending
Engineer, London Telecommunications Region, and
Mr. A. Dunlop, Chief Engineer of the ‘ Monarch,”
who were awarded the M.B.E.

Post Office Accounts

The Post Office Accounts for 1937 show that new
records have been achieved in almost all directions.

The growth of telephone business has still further
accelerated, partly through the continuance of trade
improvement and partly through reductions in
charges. Local calls were of the order of 1,882,000,000,
an increase of about 150,000,000 over the comparable
figure for 1935-36. Trunk calls (roughly, calls over a
distance of more than 15 miles) totalled 99,000,000,
against a comparable figure for 1935-36 of 88,250,000.

The number of telephone instruments in service at
March 31, 1937, was 2,827,000, an addition of 248,000
during the year. That is by far the greatest increase
ever recorded in any year in the history of the Post
Office system. Public call offices increased by 2,000
to a total of 46,000. More than half the total now
consists of street kiosks, which increased in number
by 3,000. Part of this increase is due to the replace-
ment of call offices in shops, where service can only
be given during business hours, by kiosks that are
always open. There were at March 31, 1937, 5,600
exchanges and 13,250,000 miles of wire, of which
nearly 12,000,000 miles are underground.

Inland telegrams, at 49,250,000, showed an increase
of 4,760,000 over 1935-36 and oversea telegrams, at
9,250,000 showed an increase of 500,000.

Ten-Year Index

A few copies of the Index of Volumes 19 to 28 are
still available and may be obtained at a price of 6d.
per copy from the Managing Editor or through local
agents. The indexes to Volumes 29 and 30 are given
in the fourth part (January issue) of each volume.

Binding

This issue is the first of Volume 31, and readers
are reminded of the binding facilities which are
available for past volumes. Full details will be found
on page 84.

Circulation

In the April issue a year ago we announced that
14,000 copies of that issue had been printed. Through-
out the year there was a steady increase in the sales,
and to meet anticipated demands 16,500 copies of
this issue have been printed. = With a journal that
is growing in circulation so rapidly as ours it is
difficult to gauge correctly the number which should
be printed to meet demands, and old and new readers
would help considerably, and also avoid the possibility
of being unable to obtain a copy because the issue 1s
sold out, if they would place an order with their local
agent for the four parts of this new volume.

Junior Section Activities

The attention of our readers is drawn to the record of
the activities of the local centres of the Junior Section
shown in each issue of the Journal under the
heading of Junior Section Notes. The wide range of
the papers read, the works visited and the social
gatherings held show that the Junior Section is in a
very healthy state. These Junior Section Notes,
it is hoped, are of interest to all members of Junior
Centres and especially to those at Centres recently
formed or about to be set up. It is noticed that the
Fenny Stratford Junior Centre has held discussion
nights to discuss points of difficulty encountered in
the lessons of the Department’s Correspondence
Courses for Workmen. It is not known if this is a
practice unique to this Centre, but it would appear to
be a very useful and helpful one.
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L. H. Harris, M.Sc.,, A.C.G.l., M.I.E.E.

Mr. L. H. Harris, who has been appointed Superin-
tending LEngineer, North Midland District, left .ondon
for Australia as a boy of 16 to learn wheat farming.
He returned five years later, having spent one year at
the remote settlement of Wynarka in South Australia,
and four years with the Australian Imperial Forces
during the Great War.

Afterwards he entered the City & Guilds Engineering
College and obtained their diploma and an electrical
engineering degree in 1921. The following year he entered
the Engineering Department of the Post Office as an
Assistant Itngineer, and spent the following ten years
in the Research Branch. During this period he obtained
a Master of Science degree and twice the senior medal
of the Institution of Post Office Ilectrical Engineers,
while the results of his worlk and ideas on V.IF. and D.C.
relays and contacts have now spread throughout the
telephone and telegraph plant of the Department.

In 1932 he was promoted to Exccutive Engincer in the
‘Telegraph Branch and became Assistant Staff Engincer
in 1936, being transferred to the Eastern Districtin 1937.
In the Telegraph IBranch he was concerncd with the
installation of the present V.17 telegraph network and
with the devclopment of the teleprinterswitchingscheme.
He was a delegate to the C.C.I.T. conferences at Praguc
1934 and Warsaw 1936.

Mr. Harris has represented the Post Office Engineering
Department on a number of occasions in Civil Service
swimming championships. He joined the Territorial
Army after the War, and now commands a company
of the 44th (H.C.) Divisional Signals.

i R

L. G. Semple, B.Sc. (Eng.), A.M.I.E.E.

On May 1st, L. G. Semple will leave the IEnginecr-in-
Chiet’s Organisation and Lfficiency Branch, to become
Superintending Engincer, South Midland District. His
alert and analytical mind, his powers of constructive
criticism, and his fund of original and valuable ideas will
e much missed on reorganisation questions and on many
Headquarters Committees.

In his “ teens ” Mr. Semple was an air force pilot in
France, and after the war he graduated in Engineering
at London University, and was successful in 1925 in the
open competition for Assistant Engineerships.

Mr. Semple commenced his Post Office duties with the
Research Branch cable testing force, and then moved to
Cambridge, wherc he spent seven years, first on the
general work of a busy Section, and later as first
Efficicncy Engineer of the Eastern District. He was very
successful in devising many improved methods of con-
struction work and maintenance, and had full scope for
his initiative and ingenuity.

In 1933 Mr. Scmple was promoted to Ixecutive
Ingincer-in-charge of the Bristol Section, and in 1935 to
Assistant Staff Engincer, “ O " Branch. His work in all
these spheres will not quickly be forgotten, particularly
his imaginative conception of the ** Executive Control
Uit

In1937 Mr.Semple shared in a two months’ tour of the
Bell Telephone system in America. He was universally
popular (not least on the boats) and his shrewd and
searching questions and his insatiable thirst for knowledge
were cxtremely valuable.

Everyone will wish the best of luck to him and to
his wife and family in their new sphere at Reading—and
afterwards. A
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Retirement of Mr. A. Wright, M.I.E.E.

Mr. A, Wright, M. LE.E., Superintending {<ngincer,
North Midland District, retired from the service on
March 31st, 1938. He entered the National Telephone

Company in January, 1890, after having scerved three
vears as a stndent at Finsbury Technical College and as
an engincering apprentice to the l.ondon, Brighton and
South Coast Railway.

In 1898 he was appointed manager of the Iensington
telephone exchange and, in 1905, Divisional Main-
tenance Electrician, Met. \V. District. He was appointed
AMetropolitan Maintenance Electrician in 19o7.

Shortly after the transfer of the Company’s under-
taking to the Post Office, Mr. Wright took charge of
the South Internal Section in Ilondon as Sectional
Fingincer, which position he held until 1926 when he was
promoted to Assistant Superintending Iingineer, London,
On March 1st, 1934, he took up duty as Superintending
Ingineer, North Midland District,

In all these appointments he sccured the respect and
alfection of his stafls and colleagucs‘and his retitement
is regretted by a wide circle of friecnds who wish him
many ycars of health and happiness.

My \Vright has playced a prominent part in the practical
application of many technical developments, mcluding
the conversion of approximately a third of a million
telephones to automatic working. In the North Midland
District he devoted special attention to the introduction
and development of ‘ Control ”” working for Advice
Notes, Minor and Major works, the improvement of
construction and maintenance methods, and the reduc-
tion of faults.

Mr. Wright served for six years on the Council of the
1.P.O.E.E. He was Vice-Chairman of the Tondon Centre
in 1933/4. As Chairman of the North Midland District
Centre he encouraged the setting up of several additional
Junior Centres in the North Midland District.

Mr. Wright was a recipient of the King George VI
Coronation Medal in 1937,

P s [ e

Book Review

“The Collected Papers of George Ashley Campbell,”
published by the American Telephone and Telegraph
Company, New York, 1937.

[n the minds of telephone cngineers the name of
G, A, Campbell is firmly linked with the ecarly history of
the coil loaded line and of electric wave filters. The
publication of ““ The Collected Papers of George Ashley
Campbell,” by the American ‘T'elephone and Telegraph
Company is a reminder of pioncer work continuing
till his retirement at the end of 1935, The bringing to-
gether in a single volume of his published work is a
happily conceived tribute to Dr. Campbell’s long and
distinguished service with the Company and ol his
fundamental contributions to the development of
clectrical communications.

Dr. Campbell joined the Company in 1897 and an
carly memorandum gives some indication that before
the end of 1899 he had developed his well-known formulx
for the coil loaded line, thoughit was not nntil 1903 that
they were published. Many methods of simplifying the
calculations involved and also approximate formulac
have since been evolved but the completeness of the
information implicitin the curvesof the article is striking.

It is not possible here to do more than name a few
of the other directions in which his genius has led the
way, e.g. capacity balancing of lines, articulation testing,
anti-side-tone transformers. His work in connection with
clectrical transicnt conditions in networks can be fully
appreciated only by mathematicians.

The later papers are concerned with Dr. Campbell's
advocacy of a rationalised system of fundamental units.
One has no hesitation in saying that few engineers are
aware that 63 systems of fundamental units have been
suggested or cmployed—references in technical literature
to each of them are given as well as the names of their
advocates. Dr. Campbell enlivens with a quiet humour
his case for Giorgi’s system when he refers to units
ountside this systemas < Orphan Units " and to advocates
of the c.g.s. absolute system as the ‘' 47 adherents.”

One wishes that the valuable and interesting introduc-
tion by E. H. Colpitts, who carly collaborated with
Campbell, could have recorded more of the man himself,
who in his specially honoured position as Research
Iingineer was an inspiration to his colleagues.

G JuS I

68



The Institution of Post Office Electrical Engineers

TELEPHONE HISTORY

The Institution of Post Office Electrical Engincers
has always recognised the importance of maintaining
a record of the technical milestones in the Engineering
Department’s history. The Post Office Electrical En-
gineers’ Journal in many respects covers the happenings
of recent years, but history prior to the existence of the
Journal has been mainly in the memories of the older
servants of the Department, many of whom are now
absent from the Service. Some steps have been taken to
collect data of a special character on the retirement of the
older officers, and much information is thus placed in
the archives of the Institution. It will, however, be
recollected that some time ago the Chief Engineer in

charge of the North Eastern Region, Mr. IF. G. C. Baldwin,
Chairman of the Institution’s Regional Centre, produced
a very complete history of the telephone which was
published by Messrs. Chapman & Hall. This book,
entitled ‘* The History of the Telephone in the United
Kingdom,” was published at the price of 42s. but we
now hear from the publishers that it is proposed to
issue a cheap edition of this work for 15s.

It is desired to bring prominently before the notice of
the younger generation this important contribution to
the literature of the subject, and it is suggested that the
reduction in price provides an excellent opportunity for
all the younger members of the Department to obtain for
their book-shelves this record of the important events in
the history of the telephone.

RECENT ADDITIONS TO THE INSTITUTION
LIBRARY
Neiw Books.

1320 British Experiments in Public Ownership and
Control: A study of the Central Electricity
Board, British Broadcasting Corporation and
London Passenger Transport Board.—T. H.
O'Brien. (1937, Brit.)

1323 Elementary Applied Mechanics.—A. Morley and
W. Inchley. (1936, Brit.)

1325 Control of Overheads.—Management Research
Groups. (1937, Brit.)

1326 Conduction of Electricity in Solids : Report of
Conference on.—Physical Society. (1937, Brit.)

1327 Fundamentals of Vacuum Tubes.—A. V. Eastman.
(1937, Amer.)

1328 Machine Drawing: For Students of Electrical
Engineering.—A. Bridge. (1937, Brit.)

1329 Television Up-to-Date.—R. W. Hutchinson.
(1937, Brit.)

1330 Book of Practical Television.—G. V. Dowding.
(1935, Brit.)

1331 Elements of Co-ordinate Geometry: Cartesian
Co-ordinates, Trilinear Co-ordinates, etc.—
S. L. Loney. (1933, Brit.)

1332 DBoiler Management : Maintenance and Inspec-
tion—H. G. Armstrong and C. V. Lewis.
(1937, Brit.)

1333 Business Statistics and Statistical Method.—
H. J. Wheldon. (1936, Brit.)

1334 Graphic Methods for Presenting Business
Statistics.—]J. R. Riggleman. (1936, Amer.)

1335 Elements of Statistics with Applications to
Economic Data.—H. T. Davis and . F. C.
Nelson. (1935, Amer.)

1336 Graphs: How to Make and Use Them.—H.
Arkin and R. R. Colton. (1936, Amer.)

1337 Principles of Road Engineering.—H. J. Collins
and C. A. Hart. (1936, Brit.)

1338 Writing of Clear English : for Students of Science
and Technology.—F. \W. Westaway. (1936,
Brit.)

1339 Symbols for Thermodynamical and Physico-
Chemical Quantities and Conventions Relating
to their Use: Report of Joint Committee on.
—Chemical, I'araday and Physical Societies.
(1937, Brit.)

1340 Generation, Transmission and Utilization of
Electric Power.—A. T. Starr. (1937, Brit.)

1341 Modern FForemanship.—T. H. Burnham. (1937,
Brit.)

1342 Noisc.—A. H. Davis. (1937, Brit.)

1343 Elementary Engineering Science.—A. Morley
and E. Hughes. (1937, Brit.)

1344 Electricity and Magnetism for Degree Students.
—S. G. Starling. (1937, Brit.)

1345 Electric Light, Starting and Ignition for Motor
Vehicles.—A. M. Codd. (1937, Brit.)

1346 Working Principles of Motor Vehicle Lighting
and Starting.—W. C. Stoddart. (1932, Brit.)

1347 Modern Physics.—H. A. Wilson. (1937, Amer.)

1348 Sound.—E. Nightingale. (1933, Brit.)

1349 Physics: An Introductory Text-book.—H. ]
Taylor. (1937, Brit.)

1350 Sound.—A. T. Jones. (1937, Amer.)

1351 Science and Music.—Sir Jas. Jeans. (1937, Brit.)

1352 Text-book of the Differential Calculas.—S. Mitra
and G. K. Dutt. (1937, Brit.)

1353 Introduction of Office Machinery into Govern-
ment Departments.—I. W. Fox. (1936, Brit.)

1354 Heat, Light and Sound.—R. G. Shackel. (1933,
Brit.)

1355 Intermediate Algebra.—S. E. Urner and W. B.
Orange. (1937, Amer.)

1356 Elementary Theory of Operational Mathematics.
E. Stephens. (1937, Amer.)

1357 Light: Principles and Experiments—G. S.
Monk. (1937, Amer.)

1358 Bessel Functions : Functions of Orders Zero and
Unity.—Committee for Calculation of Mathe-
matical Tables. (1937, Brit.)

1359 Copper in Cast Steel and Iron.—Copper Develop-
ment Association. (1937, Brit.)

1360 German Copper and Brass \Welding Practice.—
Copper Development Association. (1937, Brit.)

1361 Television Reception Technique.—P. D. Tyers.
(1937, Brit.)

New Editions.

458 Mathematical Theory of Electricity and Mag-
netism.—J]. H. Jeans. (1925, Brit.)

855 Alternating Current Electrical Engineering.—
P. Kemp. (1937, Brit.)

961  Strength of Materials : a Text-book covering the
Syllabuses of the B.Sc.(Eng.), AAML.I.C.E. and
A.M.T.Mech.E. Examinations on the subject.—
I'. V. Warnock. (1937, Brit.)

975 Radio Engineering.—¥. E. Terman. (1937,
Amer.)

1021 Wireless : Its Principles and Practice.—R. .
Hutchinson. (1937, Brit,)

1122 Television : Theory and Practice.—]. H. Reyner.
(1037, Brit.)
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Local Centre Notes

North Wales Centre

The third meeting of the 1937-1938 Session was held at
2.30 p.m. in the Assembly Room, Chamber of Commerce,
New Street, Birmingham, on Thursday, gth December,
1937. In the absence of the Chairman, the Vice-Chairman
of the Centre, Mr. J. H. Watkins, presided over a record
attendance of approximately 220 members and visitors,
thelatter including Mr. J. L. Parry, Telephone Manager of
the new Birmingham Area, Mr. J. Grindley, Asst.
Postmaster-Surveyor of Birmingham, representatives of
the Chester and Gloucester District Managers’staffs, repre-
sentatives of the Telephone Manager’s Traffic and Sales
staffs, and representatives of the Postmaster-Surveyor’s
staff, etc.
Chairman to nine new members, bringing up the strength
of the Centre to 302, and also to the large number of
visitors.

The large gathering had met together to hear a paper
of common interest, Mr. W. R. Tyson, B.Sc. (Eng.),
A.M.I.LE.E,, Telephone Manager of the Lincoln Telephone
Area, reading his paper “ An Introduction to Telephone
Area Working.” The paper was of especial interest as
the Birmingham Area had been inaugurated on the
Monday of the same week as the lecture.

Mr. Peck, Asst. Suptg. Engineer of the North Wales
Centre, opened the discussion and congratulated Mr.
Tyson upon the way in which he had explained the
setting up and working of a Telephone Area, following
with questions upon certain aspects of the work. Many
speakers took the opportunity to discuss the paper, the
mesting terminating with a hearty vote of thanks to
Mr. Tyson at 5.30 p.m.

The fourth meeting of the session took place at
Morris’s Ballroom, Pride Hill, Shrewsbury, at 2.30 p.m.
on Thursday, 27th January, 1938. The Chairman,
Mr. H. Faulkner, presided over an attendance of 120
members and visitors and announced that the membership
of the Centre stood at 315 as a result of the addition of
13 new members. After welcoming visitors and new
members, Mr. Faulkner called upon Mr. L. G. Semple,
B.Sc. (Eng.) of the Engineer-in-Chief’s Office to read
his paper entitled ‘“ The Control Centre as the Basic
Executive Unit.”

Mr. Semple first apologised to the Centre for the fact
that no copies of the paper were available owing to his
recent return from America, and pressure of work since.
He explained that the paper proper had not yet been
fully written and he proposed to speak extempore from
“a few scrappy notes that he had pushed together.”
The “ few scrappy notes ’ resolved themselves into a
brilliant lecture and Mr. Semple gave many interesting
comparisons between the telephone administrations in
America and this country.

Mr. Peck opened the discussion, congratulating the
Speaker on the excellent way in which he had woven a
fine paper around a few notes. He passed on to point
out that this District had had the privilege to take part
in the initial experiments with Control Centres, but not
to the extent illustrated by Mr. Semple as being in
operation in the Scottish Region at Edinburgh. Many
members took the opportunity to discuss the paper and
the meeting finally terminated at 5.35 p.m. with a hearty
vote of thanks to Mr. Semple, which was passed by the
assembly’ in the customary manner.

The fifth meeting of the session took the form of a
joint meeting with the South Midland Centre of the
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A warm welcome was extended by the -

Institution of Electrical Engineers, taking place at the
usual Birmingham meeting place at the Chamber of
Commerce, on Tuesday, 8th February, 1938. The meeting
was timed to start at 7.0 p.m. but members of both
Institutions renewed acquaintance at the buffet tea
which was served in the smaller portion of the Assembly
Room at 6.15 p.m.

The Chairman, Mr. H. Faulkner, who is also Vice-
Chairman of the South Midland Centre of the I.E.E.,
presided over an attendance of approximately 120 of
whom 50 were members of the I.LE.E. A warm welcome
was extended by the Chairman to all the members of the
I.E.E. and the visitors, among whom were Col. Reid of
Headquarters, Mr. J. Entwistle of the Simplex Electric
Co., Mr. Turner of Walsall Conduits, Ltd., Mr. J. Coxon,
M.I.LE.E., late of the Engineering Department, etc. A
welcome was also extended to five new members including
Mr. J. L. Parry, Telephone Manager of the Birmingham
Area who becomes our first Associate Honorary Member.
The Centre membership now stands at 320, an increase of
50 since the start of the Session.

The Chairman then called upon Mr. C. G. A. McDonald
and Mr. F. C. Carter to read their joint Paper *“ Electrical
Services to Large Buildings,” the paper dealing in
general with the system of underfloor ducts for electric
light and power and communication services, which the
Department is sponsoring. A fine display of the ductwork
and accessories was on view in the hall, being kindly
loaned and arranged by Messrs. Walsall Conduits, Ltd.,
one of the makers. The reading of the paper was under-
taken by Mr. F. C. Carter, and Mr. McDonald replied
to the discussion.

At the conclusion of the reading the Chairman asked
Mr. Hooper, Chairman of the I.E.E., to open the
discussion. Mr. Hooper thanked Messrs. McDonald and
Carter for a very interesting paper, also the I.P.O.E.E.
for their invitation to the evening’s meeting. He thought
that the underfloor duct system was long overdue and
suggested that a précis of the lecture should be circulated
to electrical contractors, etc. Col. Reid next spoke
congratulating the Centre on the idea of a joint meeting
between the I.LE.E., and I.P.O.E.E., and thought that
the idea should be extended over the whole country.
He stressed the extending use of electric power in tele-
phone practice bringing many common problems to the
two sections.

The meeting was then thrown open to general dis-
cussion which rapidly defined itself into two camps, for
and against the system, with many interesting arguments.

Mr. McDonald effectively dealt in a few choice words
with many of the arguments against the scheme and
pointed out that the idea was a stepintherightdirection.
The general meeting terminated at g9.r5 p.m. with a
hearty vote of thanks to the Authors.

In honour of the occasion the Chairman and Committee
of the I.P.O.E.E. entertained the principal visitors and
the Committee of the I.LE.E. to supper at the White
Horse Hotel, Birmingham, at the conclusion of the
meeting. S.T.S.

Scottish Centres

The Co-ordinating Committee of the Scottish Region
have decided to award a prize of the value of £1 to the
student taking first place in each grade of Telephony,
Telegraphy and Transmission at each of the Post Office
Workmen’s Classes held within the Scottish Region.



Prizes will be awarded during the current Evening

Class Session to the following classes :—
Glasgow Edinburgh
Telephony I. Telephony I &
Telephony II.  Telegraphy I. |

combined J
Transmission I. Telephony II.

The prizes will be known as the Scottish I.P.O.E.E.
Prizes and funds for their provision are being raised
by subscription from members of the Institution in
Scotland of the grade of Assistant Engineer and above.

Aberdeen
Telephony I.
Telegraphy I.

South Midland Centre
RETIREMENT OF MR. T. CORNFOOT
On March 2nd at the close of the final meeting of the
South Midland Centre’s 1937-38 session, Mr. E. S. Francis,

Assistant Superintending Engineer, reminded those
present that it was the last meeting which would
be presided over by their genial chairman, Mr. T.
Cornfoot, before his retirement. Members of all grades
took the opportunity to pay tribute to Mr. Cornfoot’s
admirable chairmanship and to the -corresponding
remarkable progress of the Centre in every way during his
period of office.

A motion recording the deep appreciation felt by all
members of the efficient yet kindly way in which Mr.
Cornfoot had filled the office of chairman was carried
unanimously and with prolonged applause.

In his reply Mr. Cornfoot said that if his services to
the Institution had resulted in its advancement and
had met with the approval of the members he felt amply
repaid.

Junior Section Notes

Bristol Centre

The meetings of the Centre have been well attended
during the present session. The following programme
indicates the diversity of interests which are covered
by the papers submitted to the Centre :—

1937—

December 6th.—'“ Railway Signalling.”” C.E. A. Iles.
1938—

January 1oth.—'* Mining.” E. Moore.

February 7th.—'* Carrier Telephony.”” D. B. H.
Elms.

March 7th.—* Summary of U/G Construction.”
H. Howe.

April 4th.—Competition Night (10 min. papers and
prizes of £1 1s. and 10s. 6d. awarded).

Chichester Centre

We are pleased to note that a Local Centre has been
formed at Chichester under the chairmanship of Mr.
G. P. Sait, with Messrs. F. W. Greenaway and H. J.
Robinson as Treasurer and Secretary respectively.

Dundee Centre

Meetings of the Centre were not held during the 1936/37
session. The assimilation of Regional conditions and the
rapid growth of work involved a good deal of overtime
and late work and it was not found possible to hold
meetings. The Centre was kept in being by a few
enthusiasts however, and they have been rewarded by a
very large increase in membership this session. The
membership now stands at 7o.

Meetings have been held on 6th December, 6th January
and 8th February.

At the first meeting Mr. W. S. Procter, Area Engineer,
gave an interesting lecture on * Transmission,” in the
course of which he explained the terms Sound, Sound
‘Waves, Speech Attenuation, Distortion and Transmission
Units. The lecture was illustrated by lantern slides and
Mr. Frew, of the Engineer-in-Chief’s Research Station,
demonstrated the oscillograph. At the meeting Mr.
R. B. Rae, Telephone Manager, presented the Imperial
Service Medal to Messrs. A. Taylor and G. D. Milne
who recently retired from the service. There was an
attendance of nearly 100.

A paper on the ‘‘ 200 Point Line Finder "’ was read by
Mr, W. S. Grant, Unestablished Workman, at the second
meeting when there was also an attendance of over 100.
Mr. Grant held the interest of the meeting as he traced

the history of the present switch from its inception and
described the economic aspect of present day plant
provision,

The third meeting was attended by 60 members, when
Mr. S. J. Smith the recently appointed Area Engineer
read an interesting paper on ‘‘ Trunking and Grading.”
The paper was full and instructive and was illustrated by
lantern slides.

Discussion was well maintained at each of the meetings.
Our members are showing a keen appreciation of the
technical education to be obtained through the medium
of the Junior Centre.

Edinburgh Centre

The members were privileged to visit the Edinburgh
Fire Station on the eveningof December 17th, 1937, when
much that was of interest was explained by the Fire-
master, and the Chancelot Flour Mills on the 2oth
January, 1938, when an efficient set of guides explained
the process of Flour Milling and the sub-products
extracted at the different stages.

Mr. J. MclIntosh, Area Engineer, was unable to read his
paper on Unit Construction Costs before the Centre on
January 24th, but we were fortunate in securing a paper
on Country Satellite Exchanges by Mr. D. Justice from
the Regional Training School,

Arrangements were made to hold the February meeting
on a Friday to enable the Evening Class students to
attend the meeting. It is hoped this will result in
a larger attendance for Mr. W. P. Davidson’s paper
on Units Auto No. 13.

Exeter Centre

The membership of this Centre has suffered some
considerable reduction by reason of promotions, but the
interest has been well maintained and it is hoped that
the forthcoming session will show an increase over the
previous membership. The programme for the session
was as follows :—

1937—
7October.—" Promotion.” W, E. Walton, AM.I.E.E.
November.—'* U.A.X. 13.”” T. Foster.
December, 1937.—'* Maintenance Control.”
F. Squires.
1938—
January.—‘* Wireless in the R.A.F.”” F. Chave.
February.—‘ Underground Cable.” Coles.
March.—To be announced later.



Fenny Stratford Centre

The following papers have been given to the Centre
this session.
1937—

September 3oth.—'‘ Gas in Underground Plant.”
E. T. Goodwin (Luton).

October 14th.—" Sound and Hearing.” F. Palin.

November 11th.—" Sound and Hearing applied to
The Department’s Apparatus.” G. H. Wash.

December gth.—‘* Air Raid Precautions applied to
the Department’s Plant.”” W. E. Everson.

1938—

January 13th.—'* The Transmission of Electrical
Energy.” R. S. Gosling (Resident Electrical
Engineer, Bletchley).

All meetings have been well attended and the members
have much appreciated the papers.

Discussion nights have also been held to discuss points
of difficulty encountered in the lessons of the Corres-
pondence Courses for Workmen.

The papers still to be given are :—
March 1oth.—'“ Underground Construction.” C. H.
R. Almond.
April 7th.—“Motor Transport.”
(Mechanic-in-Charge, Bletchley).
The Officers of the Centre are:
Chairman: W. E. Everson.
Vice-chairman : E. E. Griggs.
Secretary and Treasurer: F. Palin.

E. W. Hancox

King’s Lynn Centre

The second half of the session was opened on Thursday,
13th January by a lecture on * First Aid ”” by Mr. E. J.
IZaster. The lecture was immensely interesting—full scale
diagrams illustrating the lecturer’s points.

At this meeting the presentation to Mr. W. J. Coe
(retiring Inspector) of a silver and oak barometer, and a
40 years’ long service medal, was carried out by Mr.
J. E. Pidgeon (Executive Engineer, Cambridge Section).
Mr. H. Duffield supported Mr. Pidgeon's remarks of
appreciation towards Mr. Coe’s service to the
Department.

Mr. Pidgeon and Mr. Duffield congratulated the Centre
upon its activities and stressed the importance of that
night’s subject.

Also present from the Cambridge Senior Section at this
meeting were Mr. H. D. Sursham, Mr. W. D. Coe,
Mr. S. F. Brown, Mr. W, H. Brown and Mr. P. W.
Banyard.

On Tuesday, January 25th, Mr. A. H. Triscott gave a
knowledgeable lecture on ‘ Maintenance Control
—an interesting discussion followed.

A lecture on * Overhead Construction and Mainten-
ance ' was given by Mr. P. C. Carter on Wednesday,
oth February; a large number of lantern slides terminated
a really complete lecture.

Peterborough Centre
The 1937/38 session opened on October 6th, 1937,
under the Chairmanship of Mr. J. Mc A. Owen, M.I.LE.E.
(Sectional Engineer).
The following papers have been read during the session.
1937—
November.—'* Amplifiers.” E. H. Overall.
December.—* FFault Abatement.” J. Mc A. Owen,
MI.E.E.

1938—
January.—" Fitting—Accounting Side.”” C. Welch.
February.—'* Heating.”” H. W. Sharman.
March.—'* Underground Contract Works.” A. H.
Brown.
April.—"* Carrier Equipment.” R. M. Flaxman.

The membership of the Centre is now 47, a slight gain
on last session, but we are hopeful that further enrolments
will take place before the next session commences.

Portsmouth Centre

Contributions to the programme have, with one
exception, been made by members of the Centre and a
selection of subjects on the most up-to-date telephone
and motor transport methods has proved very beneficial
to the members. At the opening meeting of the session
held on October 2i1st, 1937, the Sectional Engineer,
Mr. T. Bagley, Chairman of the Centre, gave a very
interesting address on the subject ‘‘ Costing Systems.”

A paper entitled '* Modern Automatic Developments,”’
was read at the next meeting on November 18th, 1937,
by Mr. C. H. Hishon. This lecture was much appreciated
and provided opportunity for a good constructive dis-
cussion.

At a meeting held on December 16th, 1937, Mr. J.
Munday read his paper on ‘ Advice Note Control.”
The subject being a new one created considerable interest
and revealed some excellent qualities in its production.
This was followed at the January meeting by a paper read
by Mr. E. T. Smith, Mechanic in Charge, entitled ‘‘ Motor
Transport.” Mr. Smith in his paper gave a complete
description of the types of vehicle in use by the Depart-
ment including engines, gear boxes and transmission
systems. The exhibits with which the speaker gave
demonstrations of the working of various components
had all suffered from some form of abuse and many
members left the meeting more careful drivers.

For the February meeting, Mr. D. R. Hishon selected
the subject ‘ Maintenance and Construction.”” This
subject covered a very wide field and reflected admirably
upon the speaker in his ability to produce a paper from
his limited experience.

Arrangements for visits of technical interest to various
works and undertakings are in hand and will be published
for members who wish to avail themselves of the
opportunity to attend. L.L.F.

Reading Centre

The Annual General Meeting was held in September,
1937, under the Chairmanship of Mr. H. Mortimer,
AM.I.LEE., Assistant Engineer, when the following
programme for the 1937-38 session was arranged :—

October.—'* Wireless Interference.” E. Piing.
November.—“ Maintenance Control.” C. A. Pratt.
December.—'‘ Development.” A. F. Court.
January.—' Primary Vouchers.” E. J. S. Roberts.

February.—'* Transmission Over Long-distance
Circuits.”” H. Buy.
March.—* Faults and Maintenance Costs.”

H. Mortimer.

In compiling the above syllabus the Committee
endeavoured to cover a wide range of subjects, and
judging by the attendance and discussion that took place
it would appear that the session has been an unqualified
success.

The membership is now 41, which is a considerable
increase over the 1936-1937 session, and it is hoped, in
view of the number of visitors who attended the monthly
meetings, that there will be a further increase in the
membership during the forthcoming session.



Thanks are due to the various speakers for their
kindness in preparing and reading the papers and also
to our Chairman (Mr. H. Mortimer) and Secretary
(Mr. H. F. Butler) for their zeal and energy in helping
to make a success of the session. The Committee feel
that the opportunities offered through the membership
of the Junior Section by the use of the library, etc., are
such that warrant the very close interest of the staff,
particularly the very junior members.

The programme for the forthcoming session will
shortly be under consideration and the Committee will
welcome any suggestions or offers of papers from
members.

Shrewsbury Centre

On 16th December last, a meeting of the above Centre
was held, and Mr. G. Hughes, Radio Investigation
Officer, gave a paper on '‘ Wireless and Wireless Inter-
ference.”” During the reading heintroduced someinterest-
ingletters and photographs, the latter depicting electrical
apparatus, and the original wireless set invented by
Professor David Hughes, a pioneer in wireless research.
He was uncle of the late J. D. Hughes of Corwen, a
well-known composer of Welsh music (the father of our
member), and he himself was also Professor of Music.
In the letters which were written in 1896 to Mr. J. D.
Hughes, the Professor states that he had just completed
an improvement to his telephone apparatus, and goes
on to say that scientific research did not pay, although
when he died in 1900, he left £400,000 to London
Hospitals. Incidentally he was living then on the spot
on which now stands Broadcasting House.

Taunton Centre

The interest in this Centre has been maintained at a
high standard during the session and the following

programme indicates the wide field which is covered by
the papers presented to members :—

1 [y p—
93/October 14th.—" Local Line Development.” A. W.
Brett.
November 18th.—'* Underground Cabling.” W. S.
Loclk.
December 2nd.—'* ‘* The Grid,” S.\V. England and
S. Wales.” C. Morley New.
1938—
January 13th.—Open Date.
February roth.—'"* Twelve Channel Carrier Cables.”

C. Riley, E.-in-C. Office.
March 3rd.—'* Auto. Exchange Construction.” R.
Delafield.
April 7th.—" Drawing Office Procedure.”
Tibbitts.

J. E.

Torquay Centre

The programme for this Centre during the past
session was as follows :—

I —_—
937October 1oth.—'* Promotion.” W. E. Walton,
AM.LE.E.
November 1oth.—' Electrical Interference With
Broadcast Reception.” P. W. Crouch.
December 15th.—' Overseas Radio Services.” H.
Trussler.
1938—
January r2th.—" U.G. Schemes Including Contract

Work.” P. Swann.
February 16th.—‘‘ Totnes Unit Auto. No. 7.7
E. J. Travers and J. Davidson.
March 16th.—Ten-Minute Competitive Papers.
The interest in the Centre has been well maintained
and it is anticipated that the session will close with a
membership of fifty.

District Notes

London

HOUSE OF COMMONS CALL OFFICES

The suites of telephone call office cabinets in the
House of Commons, situated as they are in very quiet
lobbies and passages, have to be as acoustically perfect
as practicable combined with reasonable ventilation.
Although the cabinets installed are for this reason
necessarily better in this respect than those at railway
stations and post offices where the external noise level
is much higher, overhearing has been possible between
the inside and outside of the boxes. Experiment showed
that considerable improvement could be effected by
raising the height of the cabinets by 12 inches and
providing an inner surface lining of cellular Paxfelt over
the ceiling and half-way down the sides. To ensure that
there should be no sound leakage at the door jambs a
seal of {-in. sponge rubber has been fitted round the door
joints. Further, the glazing of the doors has been replaced
by double }-in. panes. The combined effect of increasea
sound absorption within the cabinets and the provision
of effective resistance to sound through and round the
doors has resulted in attenuation between the inside and
outside of the cabinets being raised to 35 db. and that
between the cabinets to 40 db. In addition, improved
lighting and ventilation has been installed in the form
of a combined ceiling fitting.

FAREWELL GATHERING AT DENMAN STREET

The London Engineering District staff at Denman
Street, who are being transferred to Waterloo Bridge
House, Cornwall House, etc., in consequence of the
approaching Regionalisation scheme, commemorated the
break-up by a Farewell Gathering at Denman Street
on Thursday, December 16th, 1937. The function, which
was attended by over 500 proved very successful and
enjoyable.

Tea at 5 p.m. was followed by a Concert which included
items by Mr. J. W. Kimber, Mr. A. Gamgee and the
Kew-ites Concert Party (directed by Mr. Bill Barnes)
and concluded with Dancing till 11 p.m.

R.G.de Wardt, Esq., Chief Regional Engineer presided
and was supported by E. Gomersall, Esq.,, O.B.E,,
Regional Director, London Telecommunications Region,
and other members of the Board.

During the Concert, Mr. de Wardt, who addressed the
meeting as ‘“ Boys and Girls ”’ in preference to the
orthodox ‘‘Ladies and Gentlemen ™ referred to the
growth of the London Engineering District since
1916 when Denman Street was opened by Sir William
Slingo, and to the circumstances which necessitated the
impending changes. He was confident that the staff
would carry with them into their new homes that same
spirit of good-fellowship which has always been so
strongly evident. He welcomed the opportunity of
thanking the staff for their great assistance and loyalty
to him during the past 15 months.
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Mr. Gomersall spoke in a reminiscent vein of happy
times at Wandsworth Common and at Denman Street.
He expressed admiration for the staff and the manner
in which they sought happiness, i.e. by “ ceaseless activity
in congenial surroundings.”’” With regard to Regionalisa-
tion he stated that the proposals for the remainder of the
Region are now undergoing criticism at Headquarters.

Mr. de Wardt in his closing remarks thanked the
Committee, the artistes, the stewards and stewardesses,
and the Refreshment Club staff for the successful
organisation of the party.

Mr. C. A. Edwards on behalf of all acknowledged
with gratitude these appreciative remarks and expressed
the hope that the remainder of the evening would be
equally enjoyable.

The proceedings terminated with singing ' Auld
Lang Syne.”

GIPSY HILL AUTOMATIC EXCHANGE

This exchange was brought into service at 1.30 p.m.
on December 15th, the subscribers being transferred from
the Gipsy Hill exchange (old Sydenham), Streatham,
and Brixton. The new exchange is housed in a building
of pleasing design situated at a cross roads. The ultimate
capacity is 10,000 lines, initially the exchange was opened
with 4,000 multiple, and 3,740 calling equipments. It is
interesting in passing to review the history of Sydenham
manual exchange which is now being rapidly recovered
in order that the Regional School may be extended. The
exchange was opened some 30 years ago, and during the
conversion of London to automatic working has formed
the nucleus of three automatic exchanges, Forest Hill,
Svdenham, and lastly Gipsy Hill.

REIGATE AUTO. EXCHANGE TRANSFER
The above exchange, the first of the 2,000 selector
type in the L.E.D., was opened successfully on December
8th, 1937, in the presence of the Mayor and Corporation
of Reigate and the Regional Director. The number of
subscribers transferred was 1,350.

WOLDINGHAM UAX
The above UAX of No. 7 type was opened on January
12th, 1938, with 260 subscribers. The new scheme of
Parallel Battery Float is employed at this exchange.

FUNGUS

It would be interesting to learn how many cases have
been found where fungus growths have appeared in
manholes. There is only one case within our knowledge
and it has certain peculiarities which render the origin
of the growth somewhat obscure. The manhole con-
cerned is of a modern type, brick built, with plated roof,
and is less than three years old. The appearance of
the growth is of a comparatively recent date and its
origin mightnormally have been ascribed to the presence
of a large stables belonging to a railway company within
50 yards. This possibility has been over-ruled by the
fact that other older manholes closer to these premises
have not suffered in the same way.

The fungus growth has a woolly appearance, and when
first discovered, only recently, it had crept over the
walls at one part to an area which was almost two feet
in diameter.

No growth was apparent on the previous inspection
of the manhole, which took place only two months before,
and on a second inspection two weeks later, the original
growth had disappeared and several new growths had
shown themselves in other parts of the manhole. The
fungus had crept over the cables a foot or two from the
mouths of the ducts and had dried up in the form of a
dried tobaccoleaf. The growth within the duct was of the
same type for about two feet inside, but beyond this the
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fungus showed its previous white woolly characteristics.
On the face of it, there would not appear to be any
special significance in this growth, for the form is of the
usual type associated with dampness, but since it does
not appear in other manholes which cannot be said to
be free from damp in any degree, there is some possi-
bility that unusual conditions have arisen to promote
the growth. The manhole in question is an exchange
manhole and the exchange side of the ducts are sealed
in the usual manner. It is possible, therefore, that there
is an absence of sufficient ventilation and that the
stagnant air gives rise to these exceptional conditions.

North Wales

BIRMINGHAM TELEPHONE AREA

A further step in the re-organisation of the Post
Office services took place on the 6th December, 1937,
when the functions of the four Birmingham Sectional
Engineers, and those of the District Manager, were
merged and the Birmingham Telephone Area, under the
managership of Mr. J. L. Parry, was created.

The occasion was marked by a gathering at Telephone
House of approximately 6oo members of the staffs from
the Engineering Department, Postmaster Surveyor’s
and District Manager’s Offices. In addition, most of the
Head Postmasters in the new area were present.

Mr. T. B. Braund, the Postmaster Surveyor explained
the objects of the new organisation, and indicated some
of the advantages which would accrue to both the public
and the Post Office.

Mr. H. Faulkner, Superintending Engineer, North
Wales District, commenting on the change, indicated
that the correct method of approach to it was to regard
both the Sectional Engineer’s and District Manager's
organisations as dead and that an entirely new regime
had been set up.

Mr. J. L. Parry was thenformally introduced as the new
TelephoneManager.

Tea followed, which gave opportunities for the renewal
of old friendships and the making of new.

South Midland

THE DIAL COMES TO CARISBROOKE

High over the old town of Newport, the Metropolis of
the Isle of Wight, the ancient Castle of Carisbrooke rears
its frowning battlements. This old pile has seen many
stirring events in the Island’s history. Renowned as a
stronghold in far-off times, it sheltered, as a prisoner,
the luckless Charles I, and his infant daughter, Princess
Elizabeth, who, being kept in confinement there after
his execution, died there in 1650. For many years the
modernised portion of the interior has been used as the
official residence of the Royal Governor of the Island,
and it is in these apartments, redolent of the chivalry of
the Cavaliers, and full of grimmer memories of the
Roundheads, that the ubiquitous dial has, in 1938, made
its appearance.

The automatisation of Newport is but a step in the
conversion programme in the Isle of Wight. It may
surprise many readers to know that, despite its generally
rural and ‘“ holiday *’ atmosphere, the island supports
nineteen telephone exchanges serving the needs of
nearly go,0o00 regular residents. In the peak of the
holiday season this figure is nearly doubled by visitors,
and the telephone traffic at this time is very aptly
described as ‘‘ seasonal.” Certain able statisticians
periodically publish a very interesting and unique
statement about the Garden Isle. They say that the
entire population of the world could find ample standing
room therein (or thereon).

It is, however, suggested that from the point of view



of the communications engineer, the Isle of Wight is an
ideal training centre for the young of that species. A
brief resumé of the possible telephone (and telegraph)
engineering activities that are available may be con-
vincing. Of the nineteen telephone exchanges previously
mentioned, three are of the modern provincial non-
director type, one under construction is a U.A.X. No. 14,
another is a U.A.X. No. 13, there are four U.A.X.’s
of the No. 12 type, and three, due for early conversion,
of the No. 5 type. This is fairly representative of modern
provincial automatic practice.

Of the remaining seven exchanges, worked at present
on a manual basis, but scheduled for eventual conversion,
two are of the C.B.10 type, and the others C.B.S. No. 2.
Three of the C.B.S. No. 2 exchanges will be converted
within the next two years, and the remainder within
four years, according to present programmes, when the
automatisation of the Isle of Wight will be complete.

The bulk of the long distance traffic is effected via a
modern sleeve control manual board at Ryde, where also
i8 situate a telegraph instrument room complete with
teleprinters, etc. There is no repeater station located
in the Island, and this is possibly the only major tele-
phonic activity that is not represented, although terminal
amplifiers, the repeater’s poor relation, are installed at
two exchanges.

All classes of underground construction in all kinds of
geological strata may be encountered, from the im-
penetrable rock of the southern cliff areas to the blue
slipper clay found in profusion in some of the inland
centres, Newport in particular. Again, in the southern
part of the Island, large sections of duct, have, in past
years totally disappeared due to coast and cliff erosion,
and this brings its specific problems for the consideration
of the telephone engineer.

From a cabling point of view the choice is still more
diversified. All the more common classes of cables for
subscribers’ services can be found, and in addition to
these, and the more complex composite junction cables
and loaded cables, the engineer in the Isle of Wight has
to have a fair working knowledge of submarine cable
technique, both in tidal and non-tidal waters. Sub-
aqueous cables are maintained under rivers, and, of
course the whole of the ordinary telephonic communica-
tion with the mainland is effected via submarine cables.
These are present in various types, and the local engineer
must be prepared to carry out “ shore end *’ work when
required.

Submarine cables of the P.C. Lump-Loaded and
P.C. Continuous Loaded types are maintained, and one
prehistoric survival in the shape of one of the early types
of gutta-percha insulated cables is still in use for tele-
printer circuits.

A Post Office “* Ship to Shore ’’ Wireless Station at
Niton, on the southern coast, is partially maintained by
the local Engineering staff, as is also the antenna of a
Direction Finding station situated onthe top of a cliff near
the wireless station. The aerial masts at Niton W. T. S.
are of lattice steel-work construction, and they were
erected by an ordinary ‘‘ heavy construction’ gang
impressed from local sources. They are 160 feet in height,
and the periodical inspection and painting is a part of
the local maintenance load of the Engineering Inspector
at Ryde. Incidentally, it might be mentioned that a
wind velocity in excess of 100 miles per hour has been
recorded at the Lloyds Signal Station, situated next door
to the Post Office Wireless Station at Niton, so that the
time-worn explanation, ‘“ due to storm damage’’ is
occasionally employed with unimpeachible accuracy in
this locality. Up to a few years ago a telephone circuit
from a shore exchange to the Lighthouse on the ‘ end

"

one '’ of the famous ‘‘ Needles *’ rocks was maintained

by the local staff. The circuit was run via submarine
cable, but the conditions were consistently too rough
to permit of a service without interruption, and the
circuit was abandoned, much to the relief of the local
jointers and linemen. It was a nightmare experience
to go out to the Lighthouse in any sort of weather, as many
conflicting currents made the waters perpetually rough,
and only a very small boat could approach the light
sufficiently close to permit landing at the base of the
tower.

Perhaps sufficient has been said to indicate that the
Isle of Wight though insignificant from a telephone
engineering viewpoint in point of size, is nevertheless a
place where a comprehensive experience of most phases
of telecommunication work may be gained.

F. ]J. G./PT.

South Wales
RETIREMENT OF MR. H. J. HUNTER

In January the South Wales District lost in the person
of Mr. H. J. Hunter, M.I.E.E., Assistant Superintending
Engineer, a highly esteemed officer. He came to the
district from Plymouth in 1924, to occupy the position
of sectional engineer of the now defunct Newport
section, and was promoted to assistant superintending
engineer at Cardiff, in 1930. He was one of the rapidly
diminishing band of officers who entered the Department
by examination from the telegraph side and became a
sub-engineer. Having served in this capacity for some
years at Manchester and Leeds he proceeded to
Plymouth as a second-class engineer, during which
period he was busily engaged upon coast defences and
the many-sided activities of an engineer in a naval
area. He, therefore, brought to the South Wales district
an experience which, in many ways, was unique. His
knowledge of Departmental procedure was uncanny,
and this knowledge has stood him, and those who sought
his advice, in good stead in the Department which he
served so faithfully and ungrudgingly for so many years.
His example of what a zealous and efficient officer can
accomplish is an inspiration to all who have the well-
being of the service and of their colleagues at heart.

Tributes to his many good qualities were paid by all
sections of the staff at smoking concerts which were held
at Cardiff and Newport on January 12th and 16th,
At the former he was presented with a handsome pair of
binoculars on behalf of his colleagues by Colonel Carter,
M.I.E.E., superintending engineer, who, in making the
presentation, expressed the hope that Mrs. Hunter’s
health would improve and that both of them would
enjoy many years of happiness in their new home at
Worthing.

H W.G.

South Western
SCILLONIA TELEPHONE EXCHANGE

An event of some importance in the history of the
Scilly Isles occurred in January when telephone com-
munication was provided between St. Mary’s and the
mainland.

The service was inaugurated at a ceremonial opening
of Scillonia telephone exchange on the afternoon of
January 28th, by a telephone call between Major
Dorrien Smith, at St. Mary’s, and the Postmaster-
General at Salisbury, in which reference was made to
the great technical developments which had made the
talk possible.

Situated some 28 miles due west of ILands End, the
Isles of Scilly consist of five inhabited islands and over
100 islets. They are within easy reach of each other, and
enclose an almost land-locked sea. Each island has its
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own individual character and atmosphere ; Trescoe is
famous for its sub-tropical gardens; I3ryher, St. Martins
and St. Agnes each has its own spccial charm, while
St. Mary's, the largest of the islands, is noted for its
flewers and delightful coast line.

Hitherto, the communication system on the islands
has been inadequate, magneto telephones at the Post
Offices and Coastguard Stations on the off-islands of
Tresco, Bryher and St. Martins being teed on a single-
wire circuit by submarine cables to St. Mary’s, where
the circuit was metallicised and tced to the Coastguard
Station at Telegraph Tower and thence to St. Mary's
Post Office. Similar teed circuits provided communica-
tion between St. Mary's Pest Office and St. Agnes, and
between the [ifchoat Offices and other Coastguard
Stations at St. Mary's.

Communication to the mainland was etiected by means
of a sounder circuit to Penzance via a submarine cable
between St. Mary's and Porthcurno.

The service, as now established, provides at present
only for subscribers at St. Mary’s, the trunk facilities
being provided by means of radio links, 1t was decided
that a magneto exchange at St. Mary's was the most
cconomical way of giving service to the islands, since
the establishment of scparate exchanges on each island
would have meant increased fault liability and difficulty
of maintenance, especially in winter when access from
St. Mary’s is sometimes impracticable.

Operations were commenced in November, 1937, and
the work accelerated throughout in order that service
might be available some time prior to the opening of
the flower scason in I'cbruary. \Weather cenditions
generally proved to be favourable, although on a
number of occasions gales of over So miles an hour
were experienced,

Fig, [.—TRENCHING OPERATIONS.

The external work involved the laying by direct
labour of over 1} miles of 3-in. S.A. duct, forty casual
labourers being employed on this work. Fig. 1 indicates
the rock met with and it was necessary to use an Ingersoll
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Rand Compressor and Warsop Rock Breakers and Drills.
In this comparatively short section approximately 8o Ibs.
of explosives were used for blasting. The external work
on the mainland involved extensive reconstruction of
the Penzance-St. Just overhead route in order to

Fic. 2. —REcCEIVER, ST. MARV'S RADIO STATION.

accommodate the two 4-wire circuits between Penzance
cxchange and the Radio Station.

Communication with the mainland is effccted by means
of ultra short wave radio channels working on wave
lengths between 4 and 5 metres. The Radio Station at
St. Mary’s is located at the Coastguard Station, Tele-
graph Tower, and that on the mainland, in a new building
of modified U.A.X. type, near St. Just. The equipment
comprises very low-powered crystal controlled trans-
mitters and super heterodyne receivers with crystal
controlled oscillators. The radio cquipment (Fig. 2) is
entirely mains operated.

The aerial system at each site consists of multi-
clement arrays supported by 6o ft. poles, cach array
comprising 16 elements and reflectors. There are two
transmitting and two receiving aerials.

Two radio links have been sct up initiailly and a
carrier channel together with testing equipment may
be added later. During the day one circunit is used for
telephone traffic, and the other for teleprinter working,
while at night both circuits are used for telephone
traffic. The telegraph circuit whereby the teleprinters at
St. Mary’s and Penzance ave operated directly over the
radio link, is the first of its kind in the country.

Structural alterations at St. Mary’s Post @ftice
preceded the installation of the 100 line magneto switch-
board (Fig. 3}, signalling terminations, battcries and
power equipment. The 4-wire terminations at Penzance
and St. Mary’swere installed by contract and the Depart-
ment installed the 300/20 ringers and associated rectifier



171G, 3.—100 LINE MAGNETO SWILCHBOARD,

cquipment. Two 24-volt and two 130-volt batteries for
filament and anode supplies to the terminating equip-
ment have been provided at both exchanges.

At the time of writing 38 subscribers and two kiosks
are connected to the new system and there is little
doubt that the service now given will considerably
stimulate telephone activity on the islands.

CHESJL BANK, DORSET

Construction of a somewhat wimsual character was
involved at Chesil Bank, which is a pebble beach extend-
img from Portland to Bridport, a distance of some 15
miles. A section of the beach, which is no doubt well
known to tourists, is used for a Bombing Range, and
1s separated from the mainland by tidal water about
half mile in width.

The work consisted of laying *625 miles of subaqucous
cable, 8 core, 42 wire/55, from the mainland to the
Chesil Bank, and the crection of overhead line along
approximately ® miles of pebble beach along which no
form of mechanical {transport was possible. Owing to the
very exposed position of this route special consideration
was given to the design of the pole route to reduce the
fault liability to a minimum, and to the most economical
method of carrying out the work. It was finally decided
to erect 16-ft. light poles, with 4o yards spans, and 150-1b.
msulated J.wire. Approximately 2go poles were required
and these were conveyed to a point on the beach near
Portland, placed in the water and formed into rafts,
each raft containing about 8o poles. In this formation
they were floated on the tide and unloaded one by one,
at the points of crection which had been previously
marlked along the beach,

All other stores were rowed across i a small flat-
bottomed boat from the mainland to the beach by

Departmental labour. As it was impossible to hire a
suitable boat for less than 30s. per week and the work
was estimated to last from six to cight weeks, one was
purchased at Weymouth for £5. The usce of any form of
motor boat on this water is strictly forbidden.

Before poling was commenced the various methods
of erecting poles and stays were examined and the times
observed, and it was finally decided to use emptly road
tar drnmms with the top and bottom portions removed.
A moderate quantity of drums was provided free by
the Public Road Authority. These drums were gradually
forced down in the running beach by ‘' spooning "~ out
the shingle from inside until a depth of from 3 ft. to
3 ft. 6 ns. was reached. Ifach pole was then stood in
a drum and a layer of about 6 ins. of concrete placed
at the bottom of the drum around the pole; the drum
was then withdrawn from the excavation and lifted
over the top of the pole, in readiness for usc in a similar
manner at the next pole hole. The shingle was then
levelled and the operation completed by pouring a
liberal quantity of cement wash over the shingle aronnd
the pole at surface level. This method of construction
should give reasonable stability to the pole line.

Jach drum was used on an average for the crection
of four poles by which time it became buckled and uniit
for further use, when it was left in situ.

Stays were provided on a liberal basis and each stay
bloclt was concreted in, timber being nscd to shore up
the sides of the excavation.

Arms were fitted to the poles before erection, and then
removed to allow the drum to be passed over the pole
and were finally fitted after the pole was crected.

The wiring work was straightforward, but much time
was spent in trudging along this loose beach, and in
transporting 16 men and stores daily across the half
mile of water separating the mainland from the beach.
As there were no other means of approach the ineffective
time was exceptionally high, and although these con-
ditions produced considerable fatigue, it was carried
through by the very willing help of all concerned at a
reasonable cost.

Shingle from the beach and sca water was used in
making the concrete, the cement and sand being pur-
chased on the mainland and transported across to the
beach by the Bepartment’s rowing boat.

The laying of the Subaqucous Cable was a still greater
problem owing to the extreme shallowness of the waler,
which, along the track in which the cable had to be
placed, was ouly 12 ins. deep at normal high tide. At
Tow tide the mud was exposcd and as this was scveral
feet deep it was essential that, whatever means was
adopted, there must be no risk of the craft used running
aground.

It was therefore decided to await a “ Spring ™' tide
which increased the depth of water to 18 ins. In the
meantime enquiries were made to ascertain whether
4 suitable shallow draught barge was available for hire.
One was found, and after calculating the “* displace-
ment *’ under “‘ load "’ conditions, it was found that at
springtide there should be from 1 in, to 2 ins. clearance
between the barge kecl and the mud. This course was
thercfore adopted.

Floating the cable across this water supported by
empty drums was impracticable owing to the strong
tide. The length of cable would also have made this
method too unwicldy, the flow of the tide being at right
angles to the course of the cable. The load on the barge
consisted of the drum of cable weighing approximately
3 tons and 1e men, comprising the crew and Wepart-
ment’s staff.

A 1 in. rope was placed across the half mile of water
from the mainland to the beach on the previous high
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tide and secured at each end for use as a tow line to
manhaul the barge across later, allowance being made
for the deviation which would occur as a result of drift
due to the tide. In the meantime the cable drum was
loaded on to the barge at Weymouth and *“ jacked up ”
ready for paying off. The barge was floated into position
at the beach end at Chesil Bank and remained there in
readiness for the spring tide. The time of high water
was about 10.30 p.m., and at 10 p.m. the word was given
to commence cable laying so that advantage would be
derived from the relatively ‘‘slack ’ water between
10 and 11 p.m. The whole operation was carried out
according to plan, the barge being hauled across in one
hour, and a reasonably straight course maintained.
When the shore end of the cable was landed a *‘ bight "’
of cable was made fast on shore, the barge was also
made fast for the night and work was suspended until
the following day. Itonlyremained to unload the surplus
cable the following morning, unload the drum, discharge
the barge and terminate the cable in the standard
manner, this completing an unusual and very successful
operation.

STORM. DAMAGE—DECEMBER 7th-8th, 1937

A snowstorm which occurred during the night of
December 7th-8th, 1937, caused extensive damage to
all the overhead plant in the north-east portion of
Bournemouth Section, all main lines and roughly 9o
per cent. of the subscribers’ circuits in this area being
effected, with several exchanges isolated.

Approximately 1,500 circuits were reported out of
order, and the repair work consisted of the erection of
approximately 8o poles, 506 miles of wire, 400 stays and
stay wires and a considerable amount of wire regulating
and resetting poles.

Isolated exchanges were given prior attention and
service was restored to them within a day or two of the
storm. Permanent repairs were carried out from the
outset, the whole of the Section resources being drawn
upon to ensure that services were restored as promptly
as possible, and the final circuit was restored on December
23rd. Four gangs were loaned from the London Engineer-
ing District and two gangs from South Wales District
to augment the Section staff.

Trunk circuits carried on the pole line between
Ringwood and Salisbury were transferred to the main
underground cable, and a decision has since been given
for them to remain there and to recover the main
overhead route. Where local lines were broken down
in or near towns the development aspect was investigated
and in many cases restoration was effected by means
of interruption cable which will remain in situ until
the permanent underground cable is provided, the cost
of re-erection of the damaged overhead routes thus
being avoided.

By adopting these methods the whole of the work
was carried out in a very economical manner and the
fault liability of the restored circuits has not increased
as a result of the storm.

It is estimated that restoration might have been com-
pleted earlier and a maximum saving of three days
effected, had the circuits been restored temporarily,
but in these circumstances the fault liability must
undoubtedly have been considerably increased and
would have continued so until permanent repairs were
completed. The subscribers were therefore saved the
annoying interruptions which invariably follow tem-
porary repairs.

Details of the organisation it was intended to introduce
in such an emergency were prepared in advance, and
the smooth and efficient manner in which the repairs
were carried out is attributed largely to this fact.

BRISTOL STATION SORTING OFFICE

Owing to unforeseen difficulty in obtaining building
materials this office will not be completed until May next.

The large engineering works in connection with the
installation of the conveyor system, and the electric light
and power distribution, lifts, etc., are proceeding rapidly
but many engineering difficulties were encountered
when it was decided to utilise a portion of the building
and conveyor installation to carry out the Christmas
parcel work at this office.

The conveyor system is the great feature of the build-
ing and is connected from the ground floor through a
large tunnel with all the main platforms of Temple
Meads Station and all sections of the sorting office.
An electrically operated system of remote control
has been evolved for the various diverters and the
control for this has been centralised in one control
panel, so that the operator can send bags through the
390 ft. tunnel at a speed of 180 ft. per minute. He can
similarly deal with incoming bags from the railway
platforms and deliver them to any section of the sorting
office.

Owing to the close co-operation of the supply authority
a H.T. substation with three alternative supplies of
450 kW. capacity was built and completed by November
but the L.T. substation equipment and conveyor control
panel was not received from the contractors until
two weeks prior to the date required for Christmas
working. Some idea of the work involved may be gained
by the fact that approximately 5 miles of wiring alone
had to be installed in connection with the conveyor
controls. However, by the intensive work of contractors
and all concerned the work was completed and the
required portion of the installation brought into use on
December 2oth. This ran practically continuously with-
out any serious trouble until December 28th, and was
of tremendous service to the postal staff in the handling
of the Christmas traffic.
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Book Reviews

“ Measurements in Radio Engineering.” By F. E.
Terman, Sc.D. 813 pp. 475ill. McGraw-Hill. 3o0s.
This volume is of American origin and is intended by
the author to provide a comprehensive engineering
discussion of the measuring problems encountered by
radio engineers. It is designed for use both as a work of
reference and as a text-book to provide the engineer with
a collection of information on measuring technique and
measuring equipment and to present the student in an
organised and systematic form a complete picture of the
laboratory methods and laboratory measuring equip-
ment ordinarily used in radio and allied fields.

The book is divided into fourteen chapters, the first
four dealing with voltage current and power circuit
constants at low radio frequencies and resistance,
inductance and capacitance devices. These sections
contain a large amount of useful information on valve
voltmeters, thermo-couples, shunts, low frequency
bridges and attenuators. Only one and a half pages are
devoted to radio frequency bridges and only one type of
bridge is described. This seems rather inadequate
treatment of one of the most important branches of
radio frequency measurements on which a good deal of
work has been done in recent years and on which there
is a reasonable amount of published information. It is
true the author gives several references to published
articles, but the function of a book of this kind is to give
information rather than references. Chapter 5 is on
measurement of frequency and covers the subject fairly
well. The description of precise primary frequency
standards and their calibration justifies rather wider
treatment than is given, but exigencies of space no
doubt prevented this. The succeeding chapter discusses
wave form and phase measurements ; this also receives
rather scrappy treatment and one would like to see more
about phase-measuring methods at high frequencies.
Following chapters deal with vacuum tube charac-
teristics, audio-frequency amplification, receiver measure-
ment and oscillator power amplifier and modulation
measurements. The treatment calls for little comment
and seems to cover requirements fairly well.

The four final chapters are on measurements on radio
wave antenn® and transmission lines, laboratory
oscillators, cathode-ray tubes and miscellaneous items.
The subject of field strength measurement is not fully
covered and nothing is said about short-wave measure-
ments, while the subject transmission line measurements
is also dealt with rather too briefly. Two appendices
are included, the first giving particulars and instructions
for thirty-two laboratory experiments and the second on
laboratory organisation.

It is, of course, impossible in a book of this size to give
complete information, and the subject of many of the
chapters could be expanded into complete volumes.
Bearing this in mind the author has been remarkably
successful in covering such a wide ground and providing
at the same time so much useful information, and the
book will be a valuable adjunct to all radio laboratories.
Little reference is made, however, to European work,
and the volume could be usefully expanded in places to
take account of this.

A ] .G.

‘ Elements of Symmetrical Component Theory.” G. W.
Stubbings, B.Sc., F.Inst.P., AM.I.LE.E. 104 pp. 60ill.
Pitman, s5s.

The problems associated with three-phase distribution
systems are essentially the concern of the power engineer,
but nevertheless it behoves all engineers to take full

cognisance of the aids and artifices adopted by others in
the solution of their problems. The dodge of resolving an
unbalanced three-phase load into two symmetrical
systems, one of positive and the other of negative phase
sequence, plus possibly a zero sequence component, is
not widely known, largely because the textbooks dealing
with the subject are usually highly mathematical in
character.

The author of the book under review sets out to remedy
this and endeavours to explain as non-mathematically as
possible the elementary conception and applications of
Symmetrical Component theory.

In the first two chapters the author shows by means
of vectors and standard geometrical constructions how
an unbalanced load may be considered as the sum of
two or three balanced systems. Then follows an introduc-
tion to vector algebra in which the reader is introduced
to the operator ‘““a,” a close relation of the more
familiar “j ”.

Chapter 4 dcals with mecthods by which the positive,
negative and zero sequence components may be measured,
and applications of these methods to automatic pro-
tection are discussed in the following chapter. The
author concludes with a chapter on current distribution
under normal and fault conditions and some notes on
the calculation of earth fault currents.

This little volume is an excellent introduction to
the subject of symmetrical components. It will be
primarily of interest to the student of power engineering
but will serve also to give all electrical engineers an
insight into this valuable method of solving intricate
three-phase load problems. H.L.

‘“Radio Engineering,” by F. E. Terman. 81z pp. 2nd
Edition. McGraw-Hill. 3os.

A review of the first edition of this book appeared in
the April, 1933, issue of this JoURNAL. At the time it
received very favourable mention and was probably in
advance of any other book on the subject. In the
second edition the book has been thoroughly revised,
and with the exception of the first few chapters, dealing
with fundamentals, has been rewritten. This has
involved an increase in size by over a hundred pages and
the addition of a large number of new illustrations and
diagrams.

In order to include much of the more recent develop-
ments in the subject it has become necessary to omit
the chapter on measurements. This is not a serious loss,
as the subject has been dealt with more extensively in a
separate work by the same author. The arrangement
of subject matter has not been altered appreciably, but
a new chapter has been added on Television. This is
relatively short, consisting of 16 pages, and deals princi-
pally with systems and devices which have been produced
in America. No reference appears of the British tele-
vision service, which is the only public service in existence
and differs in a number of important respects from
proposed systems which have been developed in the
United States.

New matter is included on valves, amplifiers and
modulators. The subject of wave propagation now
includes sufficient material to permit calculation of
ground wave coverage, determination of optimum
frequency for sky wave transmission from ionospheric
data, and the calculation of received field strength at
ultra high frequencies.

A useful innovation is the inclusion at the end of each
chapter of problems dealing with the more important
topics of that chapter. This feature enhances the value
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of the work as a test book for class work or for private
study. The general form of the work has not been changed,
and although mathematical analysis is not entirely
avoided, material of this character is included only
where it is essential, and where at present it is very
much to the point.

The earlier edition was widely appreciated by engineers
and students and the present edition will give this
valuable work a new lease of life. It certainly contains
more general, useful, up-to-date information on Radio

Engineering than any other work.
A J.G.

‘“ Tables of Bessel Functions.” Part I: Functions of
Orders Zero and Unity. Published for the British
Association by the Cambridge University Press.
288 pp. 4o0s.

An important class of functions met with in the
applications of mathematics to electrical problems is
Bessel functions. Like exponential functions, to which
they are closely related, these functions are defined by
series. Unlike exponential functions, however, tables
of the values of Bessel functions arc rare. Consequently
the present valuable tables are welcome.

Table I gives the values of the Bessel functions Jo(x)
and J,(x) to ten places of decimals for a range of values
of x from x=o0 to x=25 with interval of only o-oor.
This table occupies the first 170 pages of the book and is
without doubt the most comprehensive table of its kind
ever published. The first table was published by Bessel
himself in a memoir on Planetary Perturbations
(Berliner Abhandlungen, 1824). Bessel’s table gives the
values of Jo(x) and J,(x) to ten places of decimals from
x=o0 to x=3-20 with interval o-o1, and was superseded
by Meissel’s table (Berliner Abhandlungen, 1888) which
has a range from x=o0 to x=15-5 with an interval of
o-or. Meissel’s table was reprinted in full by Gray
and Matthews in their ‘‘ Treatise on Bessel Functions ”’
(London, 1895), and this has so far been the reference
table in English. It can now be seen what a remarkable
advance Table I makes; the interval has been greatly
reduced and the range of x increased from 15-5 to 25.
Table II gives the first 150 roots of Jo(x) and J,(x)
together with the value of one function at the root of the
other. These functions Jo(x) and J,(x) (the numerical
value of which occupy more than half of the book) are
of considerable importance in A.C. theory because they
represent functions oscillating with increasing frequency
and diminishing amplitude.

Table III gives the values of the Hankel functions
(second solution of Bessel’s equation) Yo(x) and Y,(x)
from x =0 to x=25. The figures in the table are given to
eight places of decimals with an interval of o-o1. Table
IV gives the first 50 roots of Yo(x) and Y,(x) together
with the value of one function at the root of the other.
The Yo(x) and Y,(x) functions are oscillatory but unlike
Jo(x) and J,(x) they have a discontinuity at the origin
x=o0. TableV providesa convenient means of obtaining
Jo(x), Ji(x), Yo(x) or Y,(x) to eight places of decimals
at any point in the range x =25 to x =6000.

The Bessel functions with imaginary argument I(x)
and I, (x) are given in Table VI to eight significant figures
from x=o0 to x=j5 with an interval of o-ooI. The
corresponding functions Io(x) and IS, (x) are given over
the same range in Table VII. Table VIII gives the
values of exp (—x) Ip (x), exp (—x) I, (x), exp (x) Io (x)
and exp (x) K, (x) to eight decimal places for the range
x=5 to x=20.

The book is very well produced and contains in
addition to the tables all the necessary definitions,
auxiliary functions, asymptotic formule, etc., as well as
a description of the method of preparing the tables.
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The proofs were read against the printers’ copy and also
against the original calculations and not a single error
was found in the 280 pages of tables (of about a million
figures). The British Association and the Cambridge
University Press are to be congratulated on producing
so fine a work.

H.J. J.

" Transformer Principles and Practice,” by J. B. Gibbs,
B.Sc.,, M\A.LLE.E. 210 pp. 1971 ill. McGraw-Hill. 15s.
Although a number of good books have been published
dealing with the theory of the transformer, a need has
been felt by the practical man for a non-mathematical
description of the various types of transformers and
their uses, together with an outline of the principles
governing their operation. The aim of the author has
been to supply this need and he has largely succeeded.
The main substance of the book is drawn from articles
which have appeared in the technical press ; these have
been rewritten and brought up to date. As may be
expected therefore, the chapters follow no particular
sequence. A number of photographs of transformers
representing present-day American practice is incor-
porated in the text.

As a textbook for the student interested in the practical
aspect of transformer operation it can be strongly
recommended, while the young designer will find
particularly helpful the chapters dealing with the
principles underlying the construction of the transformer
in its various forms. The book should also be of interest
to those concerned with the operation and maintenance
of transformers, a number of chapters being devoted
chiefly to the treatment of this subject.

K. O. B.
‘“ Machine Drawing for Students of Electrical
Engineering.”” A. Bridge. 75 pp. 38 plates.

Blackie & Sons. 4s. 6d.

Machine Drawing can only be learnt by regular
practice on the drawing board ; there is no short cut
method. Yet the part-time student of Electrical
Engineering is often required to take Machine Drawing
in a course comprising four other subjects. Mr. Bridge,
himself a lecturer on the subject, appreciates the difficulty
that confronts this class of student and in this book has
attempted a kind of précis of the subject which the
student may reasonably be expected to digest in the
time at his disposal.

The danger of this approach to the subject is one of
scanty treatment in the early stages and the student
without some preliminary groundwork may find the
transition from the elements to the practical exercises
too rapid.

The book consists of a series of exercises beginning
with a few geometrical constructions and concluding
with the assembly and parts of a small D.C. motor.
Where it has been considered necessary, the author has
included concise notes on materials and methods of
manufacture. There are many useful hints for beginners
and a welcome stress has been laid on the value of free-
hand sketching in preliminary work.

The general lay-out of the book is very clean and the
plates are particularly well prepared. With a few
exceptions the subjects have been presented in the
isometric form with the object of giving the student a
clearer impression of the actual shape of the item, and
also to provide him with better practice than is gained
by copying orthographical views.

The author makes it clear that there has been no
attempt to cover a wide range of the subject. There
is, for instance, no special reference to apparatus used



in telecommunications which would be helpful to Post
Office students. It is assumed that the student is
obtaining practice in drawing from his own measure-
ments in the classroom, and it is to the student who
feels the need of a series of supplementary exercises that
this book will appeal.

W.D.B.

" Generation, Transmission and Utilisation of Electrical
Power.” A. T. Starr, M.A., Ph.D., B.Sc.,, AM.I.E.E.
486 pp., 400 ill. Pitman, 18s.

This book covers the syllabus of ““ Electrical Power”
in the B.Sc. and similar examinations. The author
deals in one volume with a wide range of subjects which
have hitherto only been available in the more specialised
works.

In parts the treatment is rather superficial and
erroneous impressions are occasionally conveyed due
apparently to the author’s economy of words. The
material is presented in a manner suitable for students
with numerous worked examples and at the end of each
chapter several typical examination questions are
included. The answers to these questions would be
appreciated by students and references to other works
for more details could usefully be included.

Generation occupies the first chapter and the next
nine are devoted to Transmission. After the mechanical
and electrical design of overhead lines and underground
cable systems the author passes on to Transmission
calculation and Voltage Regulation Stability. An
introduction to the method of symmetrical components
for short-circuit calculation is included but the space
allocated to Switchgear is somewhat inadequate com-
pared with that given to Protection. Illumination and
Electric Traction are treated in separate chapters from
other examples of Industrial Utilisation and the boolk
concludes with a chapter on Economic Considerations.

E.F. H G.

" Fundamentals of Radio.” F. E. Terman. 458 pp.
278 ill.  McGraw-Hill. 21s.
Dr. Terman’s recently revised textbook entitled
“ Radio Engineering,” and his newly published com-
panion volume ‘‘ Measurements in Radio Engineering,”
are well known to radio engineers. This third volume
maintains their high standard and presents the funda-
mentals of radio in an exceedingly clear and logical
manner. The book is in effect an abridged edition of
‘“ Radio Engineering,”” with the addition of extra
problems of a more simple nature.
The text is mainly of a descriptive naturc, and as the
title indicates deals solely with the fundamentals of
the subject. The use of mathematics is restricted, a

knowledge of elementary A.C. theory and of standard
trigonometrical identities being sufficient.

The work can be thoroughly recommended to all
radio Students.

‘ Definitions and Formul® for Students.” Pitman.

6d. each volume.

‘“ Electrical.”” Philip Kemp. 37 pp.

This handy little book of definitions and formula
now appears in its sixth impression, which testifies its
usefulness to students of electrical engineerinz.

The first 13 pages are devoted to concise definitions of
electrical terms and units, while the second half of the
book gives the more important formula in electrostatics,
magnetism, electromagnetism, the magnetic circuit,
the electric circuit, electrolysis and cells, illumination,
D.C. machines, the A.C. circuit, transformers, A.C.
machines, power factor improvement, power transmission,
and transients.

The work forms an excellent aide memoire for students
and should prove invaluable when revising for examina-
tions. The ground covered is sufficient for the Electrical
Technology syllabus in the B.Sc. (Eng) examination.

. " Telegraphy and Telephony.” E. Mallett. 36 pp.

A recent addition to the series ‘‘ Definitions and
Formule "' is this booklet dealing with Telegraphy and
Telephony. The layout follows the usual practice and 13
pages of definitions are followed by 23 pages of formule.

The ground covered by the formule is almost entirely
confined to the transmission aspect of telegraphy and
telephony, sections dealing successively with the leaky
telegraph line, telephone lines and filters, transients and
the long telegraph line, acoustics, the receiver and trans-
mitter, and valve circuits, with an appendix on units and
general theorems.

Trunking and grading are not mentioned either in the
definition or formul® sections—a most surprising
omission—and the definition section is generally very
incomplete.

Different authorities’ definitions of the bel vary and
few meet the requirements of the purists. Dr. Mallett's
definition as ‘“‘a unit used in the comparision of the
magnitudes of powers, voltages or currents at two different
points in a network of lines or apparatus ” is not likely
to receive their approbation.

In the formula section some confusion to Post Office
students is likely to be caused by the use of & as the
attenuation constant and 3 as the wavelength constant.
Also dB is used in preference to the more usual db as
the abbreviation for decibel.

The book will be useful to students studying for
university examinations and for the City and Guilds
examinations in Transmission and Lines. H.S. L.
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Staff Changes

Promotions.
Name District Date Name District Date
From A.S.E. to Tel. Manager. From S.W.1 to Insp. (continued).

Starkey, H. Y. . S.La.toSouthend .. To befixed latel Moss, J. W. .. . S. Lancs. 26.9.37
Willson, ]J. C. . E.-in-C.O. 1.9.37
From Area Engr. to Regl. Engr. Standage, E. F. .. E-in-CO. .. - 1.9.37
Procter, W. S. . Scot. Reg. 15.1.38 Snook, R. A. .. Ldn. to E.-in-C.O.. . 3.7.37
! Barnes, H. .. E.-in-C.O. .. .. 30.6.37
From Exec. Engr. to Tel. Manager. | Forrest, J. .. .. Ldn. to E.-in-C.O.. . 21.6.37
Farnes, G. H. . E.to Guildtord Tobe fixed later ; Shaw, W. H. .. E.-in-C.O. .. .. 18.7.37
Millar, H. T. W, . Scot. to Cambrldge do {  James, E. .. Ldn. to E.-in-C.O... 21.6.37
Hill, J. N. . London . do. Hopkins, H. .. Ldn. to E.-in-C.O... 3.7.37
Hay, M. . .. Ldn. to E.-in-C.O... 7.8.37
From Exec. Engr. to 4.S.E. Winterburn, G, E. . Bein-CO. 22.9.37
Graham, C. .. . N.E. to E.in C.O. 1.5.38 Ash, F. J. .. .. E.-in-C.O. 3.10.37
Harbottle, H. R. . E.-in-C.O. .. 20.1.38 Ruck, E. F. .. E.-in-C.O. 18.7.37
Chapman, S. B. . E.-in-C.O. to Ldn... 1.1.38 Tite, L. G. . E.-in-C.O. .. 18.7.37
Tolley, L. L. .. . E.-in-C.O. to E. 1.4.38 How, R. C. . .. E.-in-C.O. .. 18.7.37
From Asst. Engr. to Exec. Engr. ](5%11251212 112( ‘} ' % :g 88 o ?gg;
Towers, R. .. . Ldn. to N.E. 7.1.38 Cox, J. S. .. S. Wa. to E.-in-C. O 28.8.37
Cresswell, W. H. . E.-in-C.O. 7.1.38 Burgess, R. w. .. Ldn. to E.-in-C.O.. 25.7.37
Sarq, P. J. . London 7.1.38 Barret, F. W. .. Ldn. to E-in-C.O... 10.7.37
Smith, S. J. . Scot. Reg. .. .. 15.1.38, Cooper, R. P. .. Ldn. to E.-in-C.O... 9.10.37
Jones, C. E. P. . Eastern . To be fixed later Hannah, A. .. . Ldn. to E.-in-C.O... 24.7.37
Howard, J. L. . S.W. to Scot. do. Stretton, J. A. E-in—C.O. 18.7.37
Lewis, N. W. J. . E.-in-C.O. 28.1.38 Beattie, N. W, .. E.-in-C.O. 8.8.37
Carter, R. O. . E.-in-C.O. 28.1.38 Edgerton, R. L. .. E.-in-C.O. .. 26.10.37
Jones, R. E. .. . E.-in-C.O. 28.1.38 Dibsdall, A. T. D. .. Ldn to E.-in-C.O.. 8.8.37
From Chief Insp. with allowance to Asst. Engr. gﬁige‘HT'JE' TR _13_88 76133:;
Hepplestone, H. . S. Lancs To be fixed later Waters, L. A. .. E.-in-C.O. 14.12.37

. .. L .10.
From Chief Insp. to Asst. Engr. lé?;}lf’ 1? J. B ngggg %éi?g;
Gay, S. G. .. S.W., to N. Mid. 20.1.37 Emerson, B. C .. London 5.5.37
Haliburton, F.C. .. E-in-C.O. 6.12.37 Cox, H. W. ]J. .. London 12.9.37
Pyrah, F. .. E.-in-C.O. 6.12.37 Kranshaar, H.G. .. London 24.10.37
Smith, G. .. .. London 5.4.38 Sims, G. H. .. .. London 30.10.37
Linck, H. C. A. .. S. Wales .. 1.6.38 Rowe, F. A. B. . N. Ireland . 1.1.38
Devereux, R. C. .. London To be fixed later Toft, G. .. E.-<in-C.O. 19.9.37
Waters, H. S. .. E.-in-C.O. 13.1.38 Morrison, N. .. .. Scot. Reg. .. 28.10.37
Stewart, A. D. . E.-in-C.O. 1.7.38 Stewart, J. C. .. Scot. Reg. .. 18.9.37
Pettitt, V. R. E.-in-C.O. 26.1.38 Maxwell, H. .. .. Scot. Reg. .. 2.1.38
. Harvie, A. .. Scot. Reg. .. 3.10.37
Ijiom Chief Insp. to Clnef Insp. with allowance. Dewar, . " Scot. Reg. .. 13.6.37
Sceats, F. W. . S. Wales 12.1.38 Watt, J. P. .. .. Scot. Reg. .. 18.10.37
Chany, F. T. .. . S. Lancs .. 28.12.37 Kelly, W. C. .. .. Scot. Reg. .. 25.12.37
McLennan, M. . Scot. Reg. .. To be fixed later Nimmo, M. .. Scot. Reg. .. 1.1.38
Stott, S. A. . Eastern do. Nelson, J. . .. Scot. Reg. .. 21.7.37
From Insp. to Chief Insp. gﬁftll?tge J. .1.“ - IS\IC%EC §:§_’ . Ogli gg
Griffiths, W. S. . S. Western . . 20.1.38 Holdsworth, A. . N.E. Reg. 10.11.37
Dent, F. .. .. N.E. Reg. .. 1.4.37 Stanfield, J. A. . N.E. Reg. 3.11.37
Avery, H. C. T. . S. Western . . 28.11.37 Scrafton, H. D. . N.E. Reg. 19.12.37
Barnes, H. .. .. S. Western . . 19.10.37 Smith, G. H. . N.E. Reg. 13.12.37
Whitburn, G. E. .. S. Western .. 16.12.37 Robson, S. . N.E. Reg. 1.12.37
Vear, F. . .. N.E. Reg. . 21.11.87 Taylor, E. .. . N.E. Reg. 27.6.37
Gregory, G. .. St. Albans to E.-in-C.O. 3.10.37 Evans, A. W. . N.E. Reg. 20.12.37
Middeditch, E G H. E.-in-C.O. 14.10.37 Chalder, E. V. . N.E. Reg. .. 20.11.37
Hunt, A. F. H. .. E.-in-C.O. 14.10.37 Higgs, H. W.. . . T.S. Ldn. to E.-in- C 0. 27.11.37
Wheatley, E. K. . E.-in-C.O. 13.10.37 Marsh, B. F. .. . T.S. Ldn. to E.-in-C.O. 27.11.37
Banks, W. R. .. E.-in-C.O. 13.10.37 Carpenter, A. E. . S. Western . 3.10.37
Chamberlain, A. E. .. E.-in-C.O. 1.1.38 Harvey, H. A. E. . S. Western . 7.1.38
Thwaites, H. J. .. E.-in-C.O. 1.1.38 Heath, W. J... . S. Western . . 15.12.37
Lloyd, H. H. .- Rugby to N. Wa. .. 30.1.38 Kerslake, R. ]J. . S. Western .. 26.11.37
Guy, L. . E.-in-C.O. to Scot. 1.1.38 Trickett, A. . S. Western . . 6.12.37
v N Davenport, H. . S. Lancs 31.10.37
Erom S.W.1to Lusp. Potts, A, . . S. Lancs 1.1.38
Brown, W. H. . Eastern 4.7.37 Saunders, T. .. . S. Lancs 31.1.37
Payne, F. .. . Eastern 18.12.37 Sherwin, H. R. . S. Lancs 13.11.37
Street, A. F. .. . Eastern 17.10.37 Atherton, W... . S. Lancs 14.11.37
Banyard, P. W. . Eastern 16.12.37 Johnson, F. W. B. .. S. Lancs 17.10.37
Roper, E. K. . Eastern 18.12.37 Roberts, ]J. . S. Lancs 17.10.37
Cunningham, J. C. .. Eastern 5.12.37 Plenderleith, A. .. S. Lancs 28.10.37
South, V. G. .. . Eastern 3.10.37 Pariser, F. A. A. . Test Secn. B'm 9.6.37
Price, E. J. . S. Lancs 5.9.37 Dulk, R. F. . Test Secn. Ldn. 1.2.38
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Promotions—continued.

Name District Date Name Dlstrlct Date
From S.W.1 to Insp. (continued). From S W.1 to Insp. (continued).
Lee, W. .. .. N. Western. . 29.1.38 Brown, L. C. .. . N. Wales . To be fixed later
Jones, F. V. .. .. N. Western. . 8.11.37 Vickers, C. C. . N. Wales do.
Greenhalgh, E. R. .. N. Western. . 29.1.38 Hewlett, A. V. . N. Wales do.
Campbell, H. .. .. N. Western. . 29.1.38 Ewart, T. J. . N. Wales do.
Brierley, J. W. C. .. N. Western.. 29.1.38 Jones, C. H. . N. Wales do.
Harrison, R. .. .. N. Western. . 29.1.38 Wright, N. F . N. Wales do.
Moore, T. .. S. Western . . 30.1.38 Willitt, A. H. . N. Wales do.
Jewers, A. . .. S. Western . . 24.10.37 Sutton, A. J. . N. Wales do.
‘Wadsworth, H A. .. St. Albans .. 3.10.37 Bailey, G. W. . N. Wales do.
Brady, T. J .. St. Albans .. .. 18.12.37 Howes, J. O. . N. Wales do.
Hurst, S. A. .. .. Eastern . . Tobefixed later Hall, W. L. . N. Wales do.
Nichols, F. J. E .. Eastern .. do. Cooper, J. H. . N. Wales do.
Roxby, H. J... .. Eastern do. Lawden, C. A. J. . N. Wales do.
Wilson, L. J. .. Eastern do. Beames, A. R. . N. Wales do.
Dyer, R. L. .. .. Eastern do. Fuller, W. . N. Wales do.
Linsey, C. F. .. .. Eastern do. Lewis, W. J. . . N. Wales do.
Pearce, F. W. .. Eastern do. Mltchell G. A R . N. Wales .. .. do.
Hulke, G. A. .. . Eastern do. Sellwood S. J. . Rugby to E.-in-C.O. 17.2.38
Tricker, E. C. .. Eastern do. Myers, T. R. .. E.-in-C.O. .. .. 1.2.38
Jennings, S. W. .. Eastern do. Brook, H. .. N.E. Reg 24.1.38
Kirvell, F. G. .. Eastern do. Smith, S. W. .. N.E. Reg 24.1.38
Payne, W. J. .. London 21.11.37 Corbett, G. N.E. Reg 24.1.38
Hills, J. A. .. . London .. 20.11.37 . Wormald, A. R. N.E. Reg .. 24.1.38
Maasz, C. F. C. . S. Midland .. 20.11.37 Mullis, H. R. S. Wales .. To be fixed later
Brown, M. W. V. . S. Midland .. 19.2.38 Davies, E. S. S. Wales . do.
Plank, S. J. . S. Midland .. 1.10.37 Frood, B. . S. Wales do.
Clear, P. . . S. Midland .. 15.2.38 RIChards B. J . S. Wales do.
Fletcher, N. L . S. Midland .. 12.2.38 Burton, W. S. Wales do.
Weait, A. T. . S. Midland .. 26.2.38 From S.W.II to I"SP
Hester, W. F.T. .. S. Midland .. 20.1.88 | Thistlethwaite, W. R. N.W. to E.-in-C.O. 28.8.37
Pearce, H. T. . S. Midland .. 31.10.37 4
Russell. F. W S Midland 10.5.37 Farey, W. A. .. E.-in-C.O. .. 18.7.37
Ch rt A C o ars e e Cheesbrough, J. W. .. N.E. to E.-in-C.O... 9.10.37
uter, A. G. .. S. Midland .. 10.10.37 Pile .

ikett, F. H. J. .. S.E. to E.-in-C.O. .. 27.11.37
Seath, W.J. .. .. Scot. Reg. .. 28.9.37 Shelley, G. ] op s T
Gall, P. .. Scot. Reg. .. 29.9.37 i A " SE to Ein- co' i, 9.10.37
Melville, E. -+ Scot. Reg. .. 31.1.38 Cas}\’velll AN .. N. Wales " To be fixed later
Campbell, R. D. .. Scot. Reg. .. 6.10.37 Llewellvn. A. H CN Wal : d
Birrell, R. C. . .. Scot. Reg. .. 4.1.38 F ewelyn, aw N Wales d°-
Irvine, J. .. Scot. Reg. .. 16.10.37 garren, } AW J Wales St
E. P, O'Neill . .. Scot. Reg. .. 2.1.38 PPer, J. B... ~1-L.0. Al
H. McBean .. Scot. Reg. .. 21.7.37 From U.S.W. to Insp.
R. Henderson .+ Scot. Reg. .. 29.1.38 Harris, W. E. G. .. N. Wales To be fixed later
Barr, T. .. .. Scot. Reg. .. .. 29.9.37 Norgrove, W.G. .. N. Wales do.
Dempsey, J. .. .. N. Wales Tobe fixed later Morgan, G. C. A. . N. Wales do.
Cull, H.L. .. .. N. Wales .. do. Elwell, L. . .. N. Wales do.
Grimmitt, T. W. - N. Wales do. Morris, W. G. . E.in-C.0. 26.1.38
fﬁgbghfj_ H W .. 113 &V:iz gg: From Draughtsman Cl. II to Insp.

Llewellyn, W. .. N. Wales do. Thomas, H. .. N. Wales .. 19.12.37
Ganderton, W. G. N. Wales do. Palk, E. . S. Midland .. 1.9.37
Transfers,

Name District Date Name District Date
AS.E. Chief Insp.
. Stacey, P. A. . E.-in-C.O. to Ldn... 15.1.38
Beer, C. A. .. .. E.-in-C.O. to S. Wa. 20.1.38 Davey, F. R. E.-in-C.O. to Ldn. .. 15.1.38
Fulcher, H. W. .. Ldn. to E.-in-C.O... 1.1.38 Roberts, E. .. E.-in-C.O. to Ldn... 15.1.38
Harris, L. H... - E.toN. Mid. .. 1.1.38 Wheatley, E. K. .. E.-in-C.O. to Ldn... 15.1.38
Exec. Engr La;ens, ’é F. .. Scot. to N.W. .. 1.1.38
. : Abbott, G. A. . E.-in-C.O. to Ldn... 23.1.38
McDonald, A. G. .. N.E. to Ldn. 21.12.37 Inspector
Green, H. W. . N. Wa. toN.E. 1.5.38 Rudham, J. L. . E.-in-C.O. to Ldn... 15.1.38
Hartwell, C. H. . E.-in-C.O. to Ldn... 15.1.38
Asst. Engr. Spice, W. H. J. . E.-in-C.O. to Ldn... 15.1.38
Gray, W.D. .. .. E.in-C.O. toLdn... 15138 | Lmery, E. A - E-in-C.O. to Ldu... 15.1.38
Gardner, A. J. .. E-in-C.O. to Ldn. .. 15.1.38 Eagle, R. J. A. . E.-gn-C O. to Ldn... 15.1.38
Smlth J’. G. . E _in_c 0. to Ldn 15.1.38 Ca.wte, H. M.. . E.—IH—C 0. to Ldn. . 15.1.38
! ’ T e o Wells, H. M. .. . E.-in-C.O. to Ldn... 15.1.38
Proby. Asst. Engr. Mellors, W. J. .. E.-in-C.O. to Ldn... 15.1.38
I — ) Burgess, R. W. .. E.-in-C.O. to Ldn... 15.1.38
Finlason, W. E. . E.-}n-C O. to S. La. 15.12.37 Barret, F. W. .. E.-in-C.O. to Ldn... 15.1.38
James, M. H. - E.-in-C.0. to S. La. 15.12.37 Toft, G. . .. E-in-C.O. to Ldn.. 15.1.38
de Jong, N.C. C. .. E.-in-C.O. to S.W. 9.1.38 Pariser, F. A.A. .. T.S. B'm to T.S. Ldn. 1.2.38
Beaumont, E. B. M... E.-in-C.O. to Ldn. .. 13.2.38 Goodchild, C. W. . E. to E.-in-C.O. 13.2.38
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Retirements.

Name District Date Name District Date
A.S.E. Inspector 7
Woollard, F... e E.-@n-C.O. 1.1.38 Summarsell, H. . S. Eastern .. 31.12.37
Gilbert, D. P. .. E-in-C.O. .. 31.12.37 Beattie, M . Scot. Reg. .. 1.1.38
Ryder, W. V. - geot Reg. - 141.38 1 Hale, G. M. . Scot. Reg. .. 1.1.38
Hunter, H. J. - S Wales 19.1.38 Ballett, S. . S. Wales 26.12.37
Exec. Engr. Bell, B. A. .. S. Lancs 31.12.37
Brown, G. . E-in-C.0O. 31.12.37 Horwood, J. T. - London 5.1.38
Asst. Enar Pemberton, S. A. . London 3.1.38
Asse. Lagr. Castle, H. V. .. .. London 4.2.38
Veale, A. H. .. .. E-in-C.O. .. 31.12.37 Munro, R. M. .. London .. 31.1.38
Hamilton, W. D. . E.-in-C.O. 30.9.37 ‘Wickerson, A. G. . Test Secn. Ldn. 31.1.38
Wilson, A. .. E.-in-C.O. 31.12.37 Beddoes, R. T. .. London 28.2.38
Evans, T. .. .. N, Wales 30.11.37 Blofield, J. F. .. N. Wales 13.2.38
Cheetham, W. B. .. Eastern .. 6.2.38 Saberton, A. .. .. Eastern 28.2.38
Gresswell, F. P. . S. Western . . 28.2.38 Bennett, G, M. .. Scot. Reg. .. 10.2.38
Chief Insp. giwailrd, V\{\.IJi3 .. i V\cllestern .. 22;33
e ephens, M. B. .. London .. .3.
Drough, R, .. .. Scot. Reg. .. 81.12.37 Robinson, W. B. .. N. Midland. . 17.2.38
Stockwell, R. R. . London 31.1.38 Billson, ], W. D London 28.2.38
Martin, P. G... .. Scot. Reg. .. 31.12.37 e T ) o
Goodman, H. H. . N. Western. . 31.12.37 |
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- IHlustration shows battery of 120 *“ BRPG 19" type ALTON cells installed at
Slangkop Wireless Station, which is the main ** Coast-to-Ship " radiogram
station for the Union of South Africa.

ACTION.....

“ Can do” is easily carried about.
Walter Scott.

In matters relating to stationary batteries for all
purposes, the Alton organisation by virtue of its
experience and competence is able to carry out all

i conceivable normal requirements. This applies, too, to
; Bl replating—whether the original battery be of Alton or

, ’ other manufacture. There are, in short, few stationary
| — . . .
FFAN e — battery problems for which the Alton organisation
j P r ﬁﬂ 53
ME(@JN] [T[TEIR@ES cannot provide a solution. If action is possible, then
C——1 ¢ ]
THE ALTON BATTERY Co. Ltd. Alton * can do.”

ALTON . HANTS

7 Telephone : 2267 & 2268 Alton
2, Telegrams : *“ Battery, Alton”

/|

y
NORFOLK ST. WC2  Telephones Temple Bar 9265-6 Telegrams - Battericol, Fstrand, London.
]

i /_,/;
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RESISTANCE DEVICES

The production of special resistance devices at economic prices is only made possible ‘ |
by the wide range of component switches which we have available. Some combination
of these can usually be arranged to form the particular network and provide the
degree of adjustment which you require.

The unit illustrated is a simple resistance box giving a range of 1.00 ohms to [112.11
ohms In steps of 0.002 ohms.

Standard Resistance Networks are described in Section 7 of our Catalogue, a copy of
which will be supplied on request.

MUIRHEAD & CO. LTD.

MAKERS OF PRECISION INSTRUMENTS FOR OVER 50 YEARS

ELMERS END KENT

TELEPHONE BECKENHAM 0041-2

TURNER DIFFERENTIAL
MILLIAMMETERS
G.P.0. No. I7
& No. 18

Meet the most
exacting demands
for balancing currents
“in multiplex telegraph circuits.
————— A quality

product of outstanding

merit—

FULL SIZE

/
Also manufaceurers of Gp.o.  ERNEST TURNER ELECTRICAL INSTRUMENTS, Ltd.

Detector No. 4, and a compre- e
b4 s s —_CHILTERN WORKS,
55-73 TOTTERIDGE AVENUE,
- T--.lephone: Migh Wycombe 301, HIGH WYCOMBEv

ments.
et Telegrams : Gorgeous, High Wycomba, BUCKS, ENGLAND
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EDISWAN

TELEPHONE LINE PROTECTOR PANELS

S.-circuit panel for overhead lines incorporating choke coils,
spark gaps, etc.

THE EDISON SWAN ELECTRIC CO. LTD., {aﬁ} 155 CHARING CROSS ROAD, LONDON, W.C.2

ERISWAN_SHOTTER-GREETHAM PATENT (British Pctent No. 353924)

for the protection of telephone systems
against surges induced by faults on
neighbouring power lines

@f the difficulties attendant upon the employment of overhead systems
one of the most serious is to ensure uninterrupted working of the telephone
system, by providing adequate protection against induced surges caused
by switching or line faults in adjacent power lines or by lightning.

The Ediswan Patent Protectors provide the solution. They are inert
at the normal working pressure of the telephone line, they keep the
voltage on the line down to a pre-determined figure by providing a path
of low resistance to earth whereby the surge is cleared and they again
become inert immediately the surge is cleared.

They ensure simultaneous discharge of both lines and are capable of
clearing heavydischargeswithout detriment to the system or the protector.

Ediswan Telephone Line Protectors have now been in
use by Supply Companies for many years.

TUNG STONE

RECTRADE mMARK

FATENTECD

——BATTERIES-—"",

Are being regularly supplied to the
GENERAL POST OFFICE
MUNICIPAL CORPORATIONS

INTERNAL TELEPHONE SYSTEM
MANUFACTURERS, etc.

@ Open or Enclosed types in Glass Containers.

@ large Capacities in Lead Lined Teak Boxes.

@ TUNGSTONE High-pressure Die-cast Plates
conform to British Standard Specification.

@ British Empire Lead exclusively used.
g '

o r—

/

- v

!
2
!
b

TUNGSTONE ACCUMULATOR CO., LTD,,

SALISBURY SQUARE, LONDON, E.C4
Works: MARKET HARBOROUGH, LEICS.



§5AGIND,
LIMITED

Write for a free copy
of Photograph\/ as an
aid to Scientific Work’

xiv

FREE to Post Office Engineers
a concise guide to sensitised

REGISTEREQ

material for SCientific uses. TRADE MARK

As an aid to engineers and research workers, llford
Limited have prepared a practical book of reference containing
particulars of their full range of photographic plates and films for
Field and Survey Work, Laboratory Research and all Scientific
Purposes.

These materials

are the outcome of
some sixty years of _ F
specialised study and

are world famed for
their consistency and | PLATES - FILMS - PAPERS
reliability.

MADE IN ENGLAND BY ILFORD LIMITED, ILFORD, LONDON

MODEL N9 6S.

all

MODEL N2Il
MORSE AUT[]MM’K TAPF. TRANSM"TER

iz MODEL N2IT. MORSE TAPE PRINTER &3
B i e P ol et G

LLUSTRATED are some

of the instruments manu-
factured to provide printing
telegraph machines to meet

modern communication

CREED & CO. L™

Telephone :—
Croydon 2121

TELEPRINYER ADTO TAPE 'IRANSMITTER

MODEL N¢ g
i MORSE KEYBOARD PERFORATOR

requirements.

Telegraph House Telex :—

CROYDON Croydon Telex {082

O nabeiieisccctiosts . o elibsecniins
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IT PAYS TO
ADVERTISE IN

TELEPHONY

Because readers find so much of interest and
value in each issue, advertisers get results.
Out of 434 questionnaires returned by tele-
phone men, 432 specified they subscribe to
TELEPHONY—and 417 answered ‘' Yes '’ to
the query, '"Do you read the advertising
pages " (4 answered '"No' ; 13 failed
to answer this question.) We cordially solicit
advertising—rates on request——and also new
subscribers. Subscription price : $5.00 U.S.
money for 52 interesting and helpful issues.

TELEPHONY

Address : Odhams Press, Ltd., Technical Book Dept.,

85 Long Acre, London, W.C.2 (Telephone : Temple Bar 2468)

for a sample copy of TELEPHONY, or write direct to:

TELEPHONY PUBLISHING CORPORATION,
608 S. Dearborn Street, Chicago, [il., U.S.A,
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RANGE IuH 10 IOOH (any resistance)

very much better)

Accuracy of measurement of lower inductance values
is very much improved .if an amplifier is employed in
the detector circuit.

Accuracy unaffected by temperature (30°F—130°F)
owing to temperature compensated standard inductance.

AC/DC Resistance Ratio unaffected by temperature
because A.C. and D.C. resistance may be measured
on the same bridge.

There is no frequency error whatever and the bridge
may therefore be used for investigating the frequency
characteristics of coils at various audio frequencies.

This bridge may also be used for the
measurement of capacitance and resistance.

NEW CROSS 2911 (3 Lines)

O A 0 R 0 A S

ACCURACY °’|00 or 0-2uH (Scale accuracy and sensitivity

Complete Bridge

A-c.l |00 £88 Plus 5%,
Write for full particulars.

H. W. SULLIVAN LIMITED

Telephones ; LONDON A S.E.IS Telegraphic Address :

PRECISION INDUCTANCE BRIDGE

** STANDELECT, PECK, LONDON "
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.. Lo | e progress
. . . telephony profile ' onstantly probed —
- | serving the world’s

communication fieedSi—
: =

Here at Beéston, Nottingham, we are busy . .. making
first class telephone material .\, . famous ‘all over the
world for jts wonderful quality and performance. Con-
tractors to the Admiralty, War Qffice, Post Office,
Railways, Mines, Colonial Govts.,etc.

We manufacture, supply and instal complate automatic
exchanges of the ‘“director” and ‘“‘non-direttor” types
for any number of lines.

*

Informative illustrated
literature sent post free.

TELEPHONES LTD.,
Head Office : 22 Lincoln’s Inn

Fields, W.C.2 Phone: HOLborn $936
\ (FACTORY : BEESTON, NOTTINGHAM)
THE HOME OF A GREAT TELEPHONE SYSTEM .. ..
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2. Testing the hardness of materials.



AUTHORITATIVE
BUHHESPUNDENEE TRAINING

ENGIN E ERING
QUALIFICATIONS

® POST OFFICE EXAMINATIONS —
Probationary Inspectors
Assistant Superintendents
Assistant Engineers

® A.M.Inst.C.E.,A.M.I.E.E.,A.F.R.Ae.S.,
B.Sc.(Eng.), C. & G, etc.

12 FIRST PLACES

and HUNDREDS of PASSES have been
students in the above

The T.I1.G.B.

gained by T.1.G.B.
examinations. Guarantees

training until Successful for the one fee.

eecs0s00000000000RO00O00000000
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Write to-day for ‘‘ The Engineer’s Guide to Success ™
— Free — which alone gives the Regulations for
Engineering Qualifications and contains the world’s
widest choice of engineering courses — over 200
—including Electrical Engineer-
ing, Telephony, Telephonic Trans-
mission,  Telegraphy, Radio
Engineering, Wireless and High
Trequency [Engineering, Sound
Reproduction,  Television, etc.
Mention branch, post or qualifica-
tion that interests you.

THE TECHNOLOGICAL INSTITUTE
OF GREAT BRITAIN

115 Temple Bar House, London, E.C.4

FOUNDED 1917 20,000 SUCCESSES
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- FOOT -CANDLES

FERRANT[

LlGH. e ¢ on the
subject of LIGHT!

Intensities of illumination from 0-250 foot candtes

accurately measured by direct reading on a small robust

portable instrument entirely self-contained. The instru-

ment comprises a light voltaic cell and a highly sensitive
moving-coil indicator.

//% i\l

Double range

N

////

N ,/, - 25| foot
= % 0-250]candles
::’//—; &3 PRIZE

N
3

£5-15-0

complete with case.

\

FERRANTI LTD., Hollinwood, Lancs.
LONOON OFFICE : BusH HoOuse, AlowrcH, W.C2
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Westinghouse Metal Rectifiers are
being used in increasing quantities
by Telecommunication Engineers.
The principles of many circuits
used in communication engineer-
ing are described in brochure
D.P.l.H. which also deals with the
design of power units for oper-
ation from A.C. Mains, of radio
transmitters, carrier equipment,
and telephone and telegraph
apparatus. Write to Dept.
P.O.E.E. for your copy of this
invaluable reference.

[WESTINGH E|&
TELECOMMUNICATION RECTIFIERS

WESTINGHOUSE BRAKE & SIGNAL CO,, LTD., 82 YORK WAY, KING’S CROSS, LONDON, N.i

Standard H.T. Power Unit Style P.U.l6
for Transmitting and Receiving Stations

-
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(1928) Limited

multi-coin collectors,

Registered

WILLESDEN,

Tel. WILLESDEN 5141/2/3.

Hall Telephone Accessories

Suppliers to the British Post Office, Air Minlstry,
Admiralty & Foreign Government Departments.

Manufacturers of prepayment telephone
precision
instruments, automatic stamp selling and
ticket selling machines, automatic slot

machines and fire alarm apparatus.

Ofﬁce& Works : 70, DUDDEN HILL LANE,

LONDON, N.W.10

XX

1. C. S.

HE largest Institution in the world devoted to spare-time

training by post offers Courses of Instruction to cover the
following Examinations :

G.P.O. Probationary Assistant Engineer (Limited).

G.P.O. Probationary Inspector (Engineering Dept.).

Assistant Traffic Superintendent, Telephone Service.

P.M.G. Certificate for Wireless Operators.

Provisional Certificate in Radio Telephony and

Telegraphy for Aircraft.

Graduateship, I.E.E.

City and Guilds Electrical Engineering Practice.

Electric Installation and Telecommunications.

Institute of Wireless Technology.

Other Courses meet the requirements of all who desire a
thoroughly practical and profitable technical education, and all
who wish to qualify for responsible positions in Electric Power,
Light and Traction Stations. Equally successful is our instruction
for Telegraph and Telephone Engineers, Telegraphists and
Telephonists, Radio Engineers, Radio Servicemen, and those
who wish to study Television.

All instruction is by correspondence from textbooks specially
prepared by many experts for tuition by post.

WRITE FOR OUR SPECIAL BOOKLET and state the

particular subject or Examination in which you are interested.

Though highest in quality, I.C.S. Courses cost no more than those of
other reputable schools teaching by post.

INTERNATIONAL CORRESPONDENCE SCHOOLS, LTD.
Dept. 108, International Buildings, Kingsway, London, W.C.2

Higl(l Quality
mouldings

Ebonestos have produced many of
the finest mouldings manufactured
In compositions, Bakelite, Urea,
Diakon, and other synthetic resins.
For the past 39 years, our reputation
for finish and accuracy has been
second to none.

Let us know your moulding require-
ments,and we shall be pleased tosend
one of our technical expertsto discuss
the matter with you, or, if you
prefer it, meet you at our factory.

EBONESTOS

INDUSTRIES LIMITED

EXCELSIOR WORKS, ROLLINS STREET,
LONDON, S.E.IS Tel.: Neowssl9l3(6lmes)




FUNDAMENTALS
OF RADIO

By FREDERICK EMMONS
TERMAN

Professor of Electrical Engineering,
Stanford University

with the Collaboration of
Lt. F. W. MACDONALD, U.S.N.

458 pages, 9 X 6, 278 illustrations. 21/- net

ALTHOUGH an adaptation of the author’s

famous ‘‘ Radio Engineering,”” this com-
plete elementary treatment of vacuum tubes
and radio is by no means a truncated edition
of the larger book but constitutes a carefully
unified and almost wholly new text.

The simplification consists largely in confining
the treatment more closely to fundamental
principles.  This policy has been followed
in the belief that the most satisfactory method
of presenting a subject in an elementary
course is to concentrate on the fundamental
concepts and to avoid diverting attention
from these by too much consideration of all
the possible consequences, applications, and
implications of these principles.

CONTENTS :

Preface.

The Fundamental
Components of a
Radio System,

Circuit Elements.

Resonant Circuits and
Circuit Analysis.

Fundamental Proper-
ties of Vacuum
Tubes.

Vacuum Tube Ampli-
fiers.

Power Amplifiers.

Vacuum Tube Oscil-
lators.

Modulation.

ALDWYCH HOUSE

Vacuum Tube Detec-
tors.

Sources of Power for.

Operating Vacuum
Tubes.

Radio Transmitters.
Radio Receivers.

Propagation of Radio
Waves.

Antennas.

Radio Aids to Navi-
gation,

Television.
Acoustics.
Appendix.
Index.

McGraw- Hill Publishing Co., Ltd.

LONDON, W.C.2
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LATEST
EXAMINATION
SUCCESSES

Since the B.ILE.T. was founded ten years ago, we
have specialised in preparing candidates for leading
Technical Examinations, and our success may be
gauged from the following remarkable results :

FIVE Ist PLACES

In the Probationary Inspectors and Assistant
Superintendent of Traffic Examinations held in
1932-1937, B.L.E.T. candidates obtained Five
First Places.

FIRST THREE PLACES

In the 1937 Competitions for Probationary
Inspectors, B.IL.E.T. candidates secured First,
Second and Third Places.

217 SUCCESSES

In the Probationary Inspectors and Assistant
Superintendents of Traffic Examinations held in
1934-1937, 217 B.L.E.T. candidates passed
the Examinations.

We teach successfully by
definitely guarantee—

“NO PASS—NO FEE”

You are advised to send for a copy of our General
Prospectus *“ ENGINEERING OPPORTUNITIES.”
This Handbook contains 268 pages of most useful
information. It also contains particulars of all leading
Engineering Examinations, including

Probationary Inspectors (Open and Limited
Competitions).

Probationary Assistant Engineers (Limited
Competition).

Assistant Superintendent of Traffic (Open -
and Limited Competitions).

City and Guilds, Special G.P.O. Examina-

tion, LE.E., B.Sc., A.M.l.C.E., London

Matric., etc., etc.

The Handbook also outlines ‘ up-to-the-minute ™
courses of Home-Study in a/l branches of Engineering.

Special Courses are offered in Telegraphy, Manual
Telephony, Automatic Telephony, Telephone Trans-
mission, Electrical Technology, Wireless and High
Frequency Radio Communication, Alternating Currents,
etc., etc.

Our 268 pages Handbook should be on your Book-
shelf. It will be gladly sent on request, FREE and
without obligation. (Please state subject or Examination
of most interest.)

correspondence  and

British Institute of Engineering Technology
369 Shakespeare House,
17, 18 & |9 Stratford Place, Oxford Street,
London, W.I
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SIEMENS

LEVEL RECORDER

The Siemens Level Recorder provides in the shortest
space of time a complete and revealing picture of the
condition of high class telephone and radio trans-
mission lines. Frequency characteristics, attenuation
values, impedances, etc. are automatically indi-
cated. More than 200 complete equipments have
already been installed on international supervisory
service and in communication engineering develop-
ment laboratories. In conjunction with auxlllary
equipment the Level Recorder can also be used for
frequency analysis and various forms of distortion.
Frequency range 20-20,000 c.p.s.

THIS EQUIPMENT IS AVAILABLE IN RACK
AND TRANSPORTABLE FORM.

SIEMENS-SCHUCKERT (GT. BRITAIN) LTD.

30 34, NEW BRIDGE STREET, LONDON, EC 4

Telephone Centrala46I

2,

3 Telcgrams—Wornerwerk, Lud, London

2-inch
size prps

6,000 Galls.
3-inch, 12,000
Galls. 4-inch,
32,000 Galls.

per howr.

Thousands in
use throughout
the world . . .

MANY POST OFFICE ENGINEERS
ARE NOW USING ’l‘HlS PUMP

EXCLUSIVE FEATURES
OF HOMELITE PUMP

Weighs only
89lbs. complete.
Exceptional port-
ability. One man
can carry it
Guaranteed suc-
tionlift 28 ft. Gins,
Can be quickly
started, and never
nceds attention.
Automatic  scli-
priming.  Write
.. for leaflets.

on Construction,
Repairs and
Imergencies

G.P.O. engineers are using this
small compact pump on all
sorts of joi%—particularly for
de-watering manholes. Thick
muddy water, sand and solids all
handled alike with case and
spced. Pumps 35,000 gallons
of water on one gallon of
petrol.  Engine air cooled—
completely weather proof. No
valves or floats to get out of
order, The most efficient
pump in the world—arrange
free demonstration, anywhere,
any time. Write for leaflets.

W ISELF-PRIMING
JOHNSON

& SONS LTD.
CONTRACTORS' = PLANT

(Est. 1790), 330 IRK-
DALE STREET,
MANCHESTER, 8

CHJ. 153
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;ﬁe:tial Moving Coil M"_I_lAMMETERS

T. 1097. TABLE MOUNTING TYPE.

TABLE, WALL AND PANEL
MOUNTING TYPES

British

Instruments
‘o': . T. 1089, PANEL MOUNTING TYPE. INVALUABLE as line Milliammeters
British on Differential Duplex, Sub.Audio

Industries Frequency and many other Telegraph Systems, also for testing
purposes in connection with Land Lines and Radio Communication.

T. 1098. WALL HMOUNTING TYPE, Particulars will be sent on request.

ELLIOTT BROTHERS (London) LTD., Century Works, Lewisham S.E.I3 oo,

in association with

SIEMENS BROTHERS & COMPANY, LIMITED, Woolwich, London, S.E.I8 .l 50

BRONZE s CADMIUM COPPER WIRES

& H. M'POST OFF lCE

SEND US PARTICULARS .+ FOR"
OF YOUR JOB, AND OUR
TECHNICAL ENGINEERS TELEPHONE LINES

WILL PROVIDE YOU WITH
THE DATA YOU NEED, SILICIUM BRONZE COPPER

FREDERICK SMITH & CO.  COPPER - ‘A""“’“

N K ONDoNE o IC TAPES & BINDERS
Anaconda Works, Salford 3, Lancs.

Tel,: Blackfriars 8701 (8 lines) Telegrams: “Asaconda Manchestes.”
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WE ARE [IN-
STALLING FOR
THE BRITISH POST
OFFICE TWO CARRIER

TYPE CABLES FOR A
TWELVE CHANNEL CARRIER
SYSTEM BETWEEN

LONDON AND LEEDS

LONDON ,

Y.r.vHONB * H

Ry ) cpramraEt

e llRELLI UENE R
el

CABLE WORKS, Ltd., SOUTHAMPTON.
Proprictors: PIRELL{, Lid., and THE CENERAL ELECTRIC CO, LTD.

Printed by SANDERS PHILLIPS & CO., LTD., The Baynard Press, Chryssell Road, London, S.W.9, and
Published by BIRCH & WHITTINGTON (Prop. Dorling & Co. [Epsom), Ltd.), Epsom, Surrey.
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