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A. COOK, B.sc., AM.LEE.
and L. L. HALL, A.LEE, ALLRE.

Criggion radio station was built during the war to provide primarily an alternative V.L.F. transmitter to maintain essential

services in the event of damage to the P.O. radio station at Rugby ; H.F. and L.F. transmitters were also provided subse-

quently which, together with the V.L.F. transmitter, were used mainly for single-channel telegraphy services. This article
outlines the planning and equipping of the station.

Introduction.

N view of the vital importance in wartime of the
Iservice given by the high-power, very low frequency

telegraph transmitter at, Rugby (GBR 16 kc/s),
urgent consideration was given in the summer of
1940 to the establishment of a reserve station which
could carry on the service in the event of damage to
GBR. The first essential for a V.L.F. transmitter is
an extensive aerial system supported as high above the
earth as possible, and as no suitable structures were
available for the support of the aerial system, and
new structures could not have been made quickly
enough, contour maps of an area which was con-
sidered to be as safe as possible from enemy action
were inspected in an endeavour to discover two or
more steep-sided mountains, from the summits of
which an aerial could be suspended. A satisfactory
solution to the project appeared difficult to realise,
but at this stage three 600-ft. self-supporting steel
towers were made available to the Post Office. By
themselves these structures were inadequate for the
support of a V.L.F. aerial as large as was considered
necessary, and a site was sought whereon a high cliff
or steep hillside bordered a plain so that the masts
could be erected on the plain in a line parallel to the
cliff and a large aerial could be suspended between the
masts and the cliff. In addition to this prime require-
ment, it was also desirable that adequate power and
cooling water supplies should be available, general
transport facilities and a town of reasonable size
should exist at no great distance from the site, and
the provision of land lines over alternative routes
to London should not entail undue expenditure of
material and time.

After further search, a site at Criggion (about 15
miles west of Shrewsbury) was discovered which
fulfilled the aforementioned requirements as well as
could be hoped. A plan of the site as developed later
is shown in Fig. 1. The site is generally flat, Breidden
Hill rising 800 ft. steeply from the plain on the east
side, and the River Severn bordering the plain on the
west side. A road (Back Lane) passes through the
site, rail facilities exist four miles away and an 11-kV
power line crossed the site. At this stage interest was
mainly confined to the portion of the site lying between
Back Lane and Breidden Hill.

Initial enquiries elicited the information that the
site was subject to rather serious flooding by the
River Severn, the level of which varies by 20 ft. at

KEY TO BUILDINGS >
| VLF TRANSMITTER SRE'\‘I'E:N y \
2 LF. TRANSMITTER 4

HF TRANSMITTERS *
. POWER HOUSE

. POWER SWITCHING
STATION

6. PUMP HOUSE

wbhw

-0
FLOOD %
EMBANKMENT 23 &
F- L3 S
AR & INCH jue—SITE ~
)/ S o 4~ BOUNDARY \d
s L.F. / ]
& AERIAY /)
o H Lot "~
: &/ R <o
2/l A\
j : Ny /4 X AT rep
& > k3 = '/““';Jg
'\\-\:\f\? /l / .. 5
) AT

F—H: g
AERIAL [ : g
g - .
! e o ‘_' . .
-4 WINCH /v ", . 5 £
N ~ \ " -7 BREIDDEN °
N\ . O R A A
_ o . o,
- =
1000 500 O 500 1000 1500 2000

Tt T ————y

SCALE OF FEET

F1G. 1.—PLAN oF SITE.

this part of its course. The normal river level is some
15 ft. below site level, but when in flood the river is
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The best position for the transmitter building was
obviously on the axis of symmetry of the aerial, and
twin up-leads had to be connected to the aerial top at
the mid-points of the bases of the triangles so that the
up-leads were kept as far from the masts as was
practicable. The calculated capacitance of the aerial
was 25,000 pF and, for tuning to a frequency of
16 kc/s, an inductance of 4 mH was required. Low-
loss aerial tuning and intermediate circuit coils of the
type used at Rugby®4 constructed of Litzendraht
cable (6,561 strands of 36 S.W.G. insulated copper
wire) wound on wooden spiders up to 15 ft. diameter
were designed, and when arranged for adequate
spacing between the aerial tuning inductance and
intermediate circuit coils required a room space of
55 ft. x 30 ft. x 323 ft. high.

The circumstances of the provision of the trans-
mitter did not permit of any development work being
done and the design had essentially to be a copy of
GBR, except for the incorporation of newer type
components where available. To accommodate the
transmitter, which consists of a crystal oscillator in
duplicate, a low-power amplifier, an exciter (2 kW and
20 kW amplifier stages in separate enclosures) and the
high-power stage (two panels each with 18 valves),
power switchgear control table, etc., a room 55 ft. X
27 ft. x 15 ft. high was required.

The apparatus layout in the building
is indicated in Fig. 4.

Since the building had to be proof
against blast and incendiary bombs, the
walls had to be thick and a consider-
able amount of steel was required in the
roof. Special screening arrangements
were therefore necessary to avoid losses
in the building materials due to the
magnetic fields surrounding the induc-
tance coils, and a special form of lead-
out for the aerial which would be safer
from the effects of blast and splinters
than that at Rugby (the insulation there
being provided mainly by a large plate.
glass window) was designed for the
V.L.F. aerial system. An extensive
earth system consisting of about
50 miles of copper wire ploughed into
the ground was also required, since the
resistance of the earth system is the

major component of the overall aerial ]

circuit resistance, and every endeavour
has to be made to minimise it.

il AERIAL TUNING|
INDUCTOR

sets and a separate building was designed to accom-
modate these, together with water-cooling plant for
the cooling of the transmitter valves. It was con-
sidered at that time that as the transmitter was for
emergency purposes only and a pipeline from the
Severn would be very vulnerable, local air-blast coolers
were the safest and most economic proposition.

In late 1940 and early 1941 requirements for
several H.F. services and two L.F. services arose and
these radically altered the scope of the station
planning. At that time it was impossible to foresee all
the services which might be required, so plans were
made to provide 12 transmitters and a number of
aperiodic aerials for fairly wide geographical coverage
so that services could be operated at short notice on
any frequency between 4 and 22 Mc/s to any part of
the world to which such services were likely to be
required. The shape of the site and the proximity of
Breidden Hill necessitated the layout of the aerial
system in two main groups. Therefore, to minimise
the lengths of the transmission lines and disperse
equipment, it was decided to provide two buildings,
half a mile apart, each designed to accommodate six
60-kW transmitters.

Satisfactory L.F. aerials could be suspended from
the 600-ft. masts only, so to reduce coupling between
the V.L.F. and L.F. aerials, avoid interfering with
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locked with the alternator circuit breaker and bus
section switch in such a manner that any two, but
only two, of the three switches can be closed at one
time. Thus the whole station may be served from the
mains or from the alternator, or the V.L.F. trans-
mitter load may be taken on the alternator and the
rest of the station on the mains.

Land Line Equipments.

The normal control of the transmitters was exer-
cised from London and land lines were provided by
alternative cable routes to the station. The V.L.F.,
L.F. and four H.F. transmitters were used exclusively
for single-channel telegraph signals, but the remainder
of the H.F. transmitters were likely to be used for
single-channel telegraph services, multi-channel tele-
graph services or speech transmissions. To meet the
telegraph requirements an 18-channel V.F. system
was installed, equipment for 9 channels being in each
of the H.F. transmitter buildings. Fifteen of the
channels were used as transmitter controls and three
as bothway order wires. Two 4-channel V.F. systems
were also installed (one in each building) with a view
to setting up controls from centres remote from Lon-
don should the need arise. For the speech signals
racks of terminal repeaters, equalised to 6,000 c/s,
were provided.

Conclusion.

The Criggion Radio Station was started to provide
an essential wartime reserve on the Rugby trans-
mitter GBR, and was extended to include valuable
low- and high-frequency transmitters. It has been
retained in full working order to meet some of the
Admiralty and Post Office needs for radio trans-
mitters. Since 1945, the Post Office has reintroduced
all the radiotelephone services operated before 1939
(with the exception of direct service to Tokio) and in
addition opened several new services. The number of
circuits to Australia, Canada, Cairo, South Africa and
the United States has also been increased, and
multi-destination Press Services have been main-
tained on a considerable scale. The station at
Criggion is now carrying an appreciable amount of
civilian traffic.

Acknowledgments.

The planning and equipping of the Criggion Radio
Station involved the Lines and Telegraph Branches
of the Engineer-in-Chief’s Office in addition to the
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Standard Frequency Transmissions in Great Britain

The question of radiating standard frequency
transmissions from Great Britain has recently been
under consideration by a committee of the Depart-
ment of Scientific and Industrial Research repre-
senting all Government Departments concerned,
including the General Post Office. Such transmissions
are of great value in connection with the calibration
of industrial and scientific frequency sub-standards,
with work on radio wave propagation,! and also for
survey purposes. Standard frequency transmissions
of guaranteed accuracy are at present emitted from
station WWYV of the U.S.A. National Bureau of
Standards? on frequencies of 2-5, 5, 10, 15, 20, 25, 30
and 35 Mc/s, continuously. On account of propagation
conditions it is often difficult to make use of any of
these transmissions in Europe and farther east. At
the International Telecommunications Union Con-
ference (Atlantic City, 1947) it was agreed that the
first six of these frequencies should be allocated on a
world-wide basis for future standard frequency
services. Hence, if interference between such services
is to be avoided very careful co-ordination will be
tequired.

In existing circumstances the provision in Great
Britain of a comprehensive service will take some

1P.O.E.E.]J.,Vol. 43, p. 153.

2National Bureau of Standards (U.S.A.), Letter Circular
LC 886, 30.1.48.

considerable time, but arrangements are now being
considered whereby a limited service on three fre-
quencies will be operated by the General Post Office.
Such a service should enable the degree of inter-
ference from and with the WWYV service to be
experimentally determined and also demonstrate the
feasibility and value of United Kingdom and Euro-
pean coverage.

It may be of interest that the following United
Kingdom transmitters are maintained at their
nominal frequencies to a tolerance of better than
+ 1 x 10-8.

Station Nominal
Call Nature of Service Location Frequency
Sign in kcfs
GBR Telegraph Rugby 16

— Broadcast Droitwich 200
GMT Standard Royal Observa- 2,000
Frequency?® tory, Abinger
GRO Broadcast Skelton 6,180
GSB Broadcast Daventry 9,510
GSV Broadcast Daventry 17,810

Many of the B.B.C. medium wave transmissions
also maintain their nominal frequencies to a tolerance
of approximately + 1 x 10-6.

3Wireless World, Vol. 53, p. 439.
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The steel used for the rods has the following
analysis :—

Carbon content 0-70-0-75 per cent.

Silicon 0-3 per cent. max.
Phosphorus 0-05 per cent. max.
Sulphur 0-05 per cent. max.
Manganese 0-8 per cent.

It is recognised that the method as described,
although effective in the hands of a skilled operator,
does not afford such close control of temperature and
quenching as is desirable and an alternative and much

mental reels were fitted with legs to raise them off the
ground when used in a horizontal position, and with
stands to allow operation in a vertical position. It
was found, however, that a reel when so supported
horizontally was liable to rock, and in the vertical
position control was difficult. Such legs and stands are
now omitted and the reel is always used horizontally.

The accessories provided with the rodding outfit
are illustrated in Figs. 3, 4, 5 and 6, which indicate
the use of the various adaptors. The hand grip shown
is necessary when a sufficiently firm hold on the rod
cannot be obtained by hand. This item will shortly be
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superior plant (* Trauwood Process”’) has recently
been installed by the manufacturer which should
result in the production of rod with greatly improved
properties.

Fig. 2 shows a reel containing a length of the con-
tinuous rod. The inner end is housed in a cup on the
circumference of the reel on the stationary housing.
The rod is reeled up by passing it through an eye.
Straps are used to clamp both the stationary and
rotating portions of the reel to give a rigid assembly
when rolling from place to place. The early experi-
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It is generally found that rodding is the most
uncertain part of cabling work. If rodding goes well,
the rods are idle for a large part of the gang’s time,
and if badly, some of the men are unoccupied for long
periods while obstructions are overcome. In any
event the time spent in assembly and taking apart of
P.O. standard rods is avoided by using a continuous
rod and if the work is suitably organised and the
method of working thoroughly understood by gangs,
familiarity with the new method and specialisation by
the rodding party should lead to a considerable
improvement over existing practice.

Practical Experience.

The results of the first trials of the equipment are
summarised in Table 1 which has been compiled from
reports submitted by various Regions. A more
detailed and precise summary will be possible later.

Conclusion.

It has been established by shining a light along the
duct from the duct mouth, that the continuous rod
follows a spiral course and in view of the constant
diameter of the continuous rod, and its freedom from
intermediate couplings and irregularities, consistent
performance in empty ducts should be obtained. In
occupied ducts, however, the rod, in following the
cable lay, will inevitably run into difficult points and
try to burrow under the cables as do sweeps’ rods.
These factors are receiving attention and there is hope
that the difficulties may be overcome. An important
advantage of the continous rod is that, because the

diameter is constant throughout its length, a machine
drive becomes possible. A compact device for this
purpose is at present being developed.

TABLE 1

Length Distances rodded

Details of cables if marryin
Type of Duct in Duct r(odc;ise;i nec egzlryg
e (vds.)
3-in. S.A.D. None 156 —
3-in. S.A.D. None 190 ——
3-in. S.A.D. None 176 —
4-way M.D. None 145 120+ 25
(Silted duct)
3-in. S.A.D. 3 cables. 50 pr.,
74 pr., and 75 pr. 160 100460
4-in. S.A.D. 2 cables. 74/20 100478
and 160/20 178 | (Bend in track)
3-way M.D. |3cables. 38pr/6}.
4/40 and 80/120 180 160+20
3-in. C.I. pipe | 3 cables. 150/10
100/10. 75/10 95 60435
3-in. S.A.D. 1 cable 75/10 145 . —
2-way M.D. None 175 160415
2-way M.D. None 156 —
3-in. C.I. pipe None 135 —

It is considered from the experience gained with
continuous rods that further large-scale field trials are
fully justified.

Acknowledgment.
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information supplied on the heat treatment of the
rods.

Book Review

“ Frequency Modulation,” Vol. 1. By Staff of R.C.A.
Laboratories. Published by R.C.A. Review, Prince-
ton, N.J., US.A. 515 pp. 307 ill. Price $2-70,
post free to U.K.

The preface to this book states that ‘ Volume 1 is the
seventh volume in the R.C.A. Technical Book Series, and
the first on the subject of F.M.’, and that ‘ the papers in
this volume cover the period 1936-1947.° The general
format of this volume is thus similar to that of the
preceding six volumes in that it consists of reprints of
papers on frequency modulation published by members
of the R.C.A. organisation during that period,

To those well versed in the art of V.H.F. communica-
tion, the book can be recommended as a convenient
summarising reference volume on frequency modulation
theory and practice. Unless the student reader is
equipped with a very adequate knowledge of fundamental
theory, he would be advised not to attempt to use it in
the manner of a text-book, for the very reasons which
apply to any summarising volume of this nature. This is
particularly applicable to the field of frequency modu-
lation in which development has been rapid during the
period under review. It is thus not surprising to find
incorrect conclusions quoted in some of the earlier papers,
and amended by subsequent workers. For example, in
the paper by Crosby on p. 85 it is concluded that dis-
tortion arising from multi-path propagation is greatest

‘at the lower modulation frequencies,” whereas in the
paper by Corrington on p. 274 the correct and antithetic
result is Biven.

It is, however, refreshing to read a book titled
* Frequency Modulation *’ and which contains, out of a
total of some five hundred pages, but twenty allocated to
V.HLF. aerial systems and none at all on V.H.F. propaga-
tion. These twenty pages can be forgiven when the mag-
nitude of F.M. broadcasting in the U.S.A. is remembered,
and the specialised aerial problems associated therewith
visualised.

This volume can claim to be the first anthology of F.M.
As such, it is contended that the paper by Giacoletto,
summarised on p. 84, ought to have been included in full,
at the expense, say, of the omission of the paper on pp.
164-177, with its intriguing but uninformative photo-
graphs and the paper on p. 305 which has no special
information on F.M. techniques. The arrangement of
papers dealing with F.M. station coverage is at first sight
illogical and a separate sub-section would have con-
siderably aided reference.

It is considered that this volume is suitable and
valuable as an anthology of F.M. development for
specialist use but that its general usefulness is limited by
the necessarily disjointed nature of its contents and its
lack of, say, a critical commentary interlinking the various
articles. J H.H.M.
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Shared Service
U.D.C. 62].395.331.3

C. J. CAMERON, AM.LEE.
and W, A. HUMPHRIES, AM.LEE.

To assist in reducing the present long waiting list for telephone service attention has been directed to schemes in which two

subscribers share a single exchange line and equipment. The authors outline earlier forms of shared service and detail the

facilities which are now considered necessary to give an acceptable service. The circuit arrangements for manual and
automatic systems are covered and particulars given of shared service applied to extension plan installations.

Introduction.

HORTAGES of telecommunications plant and
Sequipment, a legacy of the war years, and

deferment of any full-scale replacement pro-
gramme, has made it more than ever necessary for a
service whereby, fundamentally, two subscribers share
a single exchange line and equipment, to be viewed
as a major project rather than a temporary expedient
for giving telephone service as was originally intended.
The present situation may be ascribed to national
economic difficulties which have given rise to curtail-
ment of capital expenditure and diversion to export
of more than 50 per cent. of the country’'s tele-
communications manufacturing capacity, apart from
general labour difficulties. Telephone service on a
sharing basis, whilst only a very small fraction of the
total service, was expanded during the war years,
primarily as a means of giving service to specially
graded applicants for whom no spare wires were
available, or where the provision of exclusive line
service would have involved work in excess of pre-
scribed limits. Present policy dictated by existing
circumstances is now such that this form of service is
to be used to the maximum practical extent. The
following review of the various forms of giving service
on a sharing basis and their application to present-day
needs, may, apart from general interest, appropriately
serve to indicate developments completed or in hand
to provide an acceptable service, which for satisfactory
operation requires a minimum of special apparatus and
equipment. Throughout the developments, it has been
appreciated that a service applicable to all existing
types of exchanges is required, which as far as possible
should remove any prejudice to shared service,
imaginary or otherwise ; it should be acceptable to
both existing exclusive line subscribers and new
applicants for service.

Early Forms of ** Shared > or Party-Line Service.

Briefly, the various forms whereby one exchange
line can be made to serve two or more subscribers are
as follows :—

Rural Party-line Service (Manual).—A service
originated long before 1920, mainly for farmers, in
which as many as twelve subscribers have been
catered for by teeing to a single exchange line. Sub-
scribers were divided into two groups for ringing
purposes ; a call for any subscriber in either group
resulted in the bells of all subscribers of the group
being rung, the wanted party being distinguished by a
system of code ringing. The service was non-secret,
and all calls were ticketed, a special tariff being fixed
under which the party-line subscribers were allowed
free calls to all other subscribers connected to the
exchange serving the party-line. American practice

is somewhat similar and from published references
appears to be a recognised and welcomed form of
providing scattered rural communities with a means
of *“ free-for-all ” gossip. Somewhat more elaborate
arrangements are, however, available to the American
public as regards selective ringing, but for lack of the
facility mentioned above would seem to find little
favour in scattered farmstead areas.

Group Service (Manual and Auiomatic Exchanges
other than U.A.X s).—This service was introduced in
1934 to serve up to eight subscribers by means of a
single exchange pair and two control wires. Certain
restrictions were imposed as regards the relative geo-
graphical position of the subscriber and the exchange,
but apart from this, service was given at a rental less
than that for a direct exchange line. Each subscriber
was rung independently of the other parties of the
group, separate metering in automatic areas and
secrecy being features of the scheme. Special equip-
ment was necessary at the exchange and at the sub-
scriber’s end where a control point relay set serving the
eight subscribers was fixed to a convenient pole or
pillar. The service, although an improvement on the
old rural party-line arrangement, had disadvantages
in that it was only suitable for subscribers with low
calling rates, and in the event of the line being in use
by any party of the group precluded use of the tele-
phone, in an emergency, by the sharing partners.
Intercommunication between subscribers of the group
was possible with the aid of the exchange operator but
without secrecy. The small difference in rental as
compared with exclusive line service was such as to
attract few subscribers and the service has fallen into
disuse and is not now provided.

Country Satellite Exchanges (Manual and Auto-
matic)2.—This service was introduced in 1935, to serve
up to ten subscribers in a rural district remote from an
existing exchange, where the cost of providing direct
exchange lines to each subscriber was prohibitive.
Prior to the advent of the country satellite scheme,
service in such cases was given by a small manual
exchange, or by a small unattended automatic ex-
change, or alternatively by party-line, all of which
gave grounds for objection, either on the score of the
need for operator attendance, or special buildings and
power plant, or on the grounds of lack of secrecy.
Special discriminatory equipment was necessary at
the parent exchange and at the subscriber’s end, that
required at the latter being housed in weatherproof
containers fixed to a convenient pole or pillar. 'Whilst
arrangements were such that intercommunication
was possible between subscribers of the group, a high

1p,0.E.E.J., Vol. 26, p. 278.
:p.0.E.E.J., Vol. 26, p. 125.
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calling rate was a disadvantage. Nevertheless, this
and the inability to use the telephone in the event of
an emergency should the line be in use, assumed in-
significant importance in giving service to a group of
subscribers centred around a village or hamlet and a
number of these installations are in service. Increase
of their number is, however, limited as there are few
equipments now available.

Party-line Service by means of Extension Plans.—
Simple party-line service can be given by means of
internal or external extensions depending on the
precise situation of the sharing parties. Such a
service, however, makes it necessary for all incoming
calls to be received by one party and for that party
to monitor all calls. Alternatively, the bells of both
installations can be rung simultaneously, signalling
intercommunication being arranged between the two
parties. Apart from the obvious disadvantages of such
a system, the service necessitates the acceptance of
joint accounts. Generally this service is one offering
engineering advantages only where there is a shortage
of spare exchange multiple.

Two-Party Line Service (Automatic and Manual).—
Under this heading two distinct forms of service are
concerned, i.e. that of service to (¢) manual, and (b)
automatic subscribers. Manual serviceis merely a form
of rural party-line restricted to giving service to two
subscribers only. The automatic service was intro-
duced to continue party-line service when an exchange
was converted from manual to automatic working.
It required special equipment at the exchange to give
meter discrimination, the appropriate meter selection
being made by loop calling for one subscriber and by
earth, applied either as a fleeting contact or during
dialling, for the other subscriber. Ringing discrimina-
tion was achieved by ringing over the A line and earth
in the one case and over the B line and earth in the
other. The service was non-secret ; separate accounts
were, however, rendered. With revision of telephone
rentals in 1934 the service fell into disuse and few, if
any, installations now exist.

Joint User (Automatic).—This service was introduced
in 1942 as a temporary expedient and differed from
that of automatic two-party line service in that special
equipment was not provided. A single calling equip-
ment at the exchange was used, but two multiple
appearances were provided for selective ringing. All
calls with the exception of those via the manual
board were recorded on a single meter, a joint account
being rendered in respect of these calls. The rental for
this service was the same as that for exclusive line
service.

Post-War Constderations.

Difficulties in the provision of telephone service
since the end of the war have necessitated from time
to time review of the foregoing forms of giving service
on a sharing basis. As a result of deliberations, agree-
ment was reached that special equipment for separate
metering on the scale required for the old two-party
scheme in automatic areas could not be justified.
There was however, support for the view that the
joint-user service introduced as a temporary expedient
was giving reasonable service and that there was a
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definite potential market for shared service as a whole.
Accordingly, it has been decided that shared service
is to be developed on the following lines :—

1. A flat rate tariff cannot be adopted to avoid
the necessity for separate metering at automatic
exchanges.

2. A separate metering scheme using two sub-
scribers’ calling equipments and little, if any,
special equipment is to be introduced forthwith
at standard wuniselector and 2000-type line
finder exchanges and at U.A.X.s No. 14; also,
subject to satisfactory development, at U.A.X.s
Nos. 5, 6, 12 and 13. At other, non-standard,
automatic exchanges the need for shared service
is, for the time being, to be avoided by providing
additional line plant.

3. A separate metering system using a single
subscriber’s calling equipment is to be developed
as a matter of urgency and is to embrace
Siemens No. 16 exchanges.

4. Action is to be taken to remove the possibility
of false rings and bell-tinkling.

5. All potential sharing subscribers are to be pro-
vided with handsets without extra charge, and
as soon as supplies permit, all such installations
are to be wired in readiness for shared service.

6. The range of Extension Plan installations
available to sharing subscribers is to be increased.

7. Service is to be given on a sharing basis by means
of Extension Plan working in certain cases.

8. Local line plant schemes are, for the time being,
to be planned on current development forecasts
as heretofore.

The standard forms of shared service which are or
which will ultimately be available to the public, carry
for the time being the following titles :—

(a) Shared Service (Manual)
(6) Shared Service (Common Metering)) (Automatic
(c) Shared Service (Separate Metering)/ Systems.)

Services (z) and (b) are in fairly common use while (c)
is undergoing field trial in a number of specially
selected director and non-director areas, and its use is
now being extended.

General Principles of Shared Service Working.

Two subscribers share a single exchange line and
where possible a single calling equipment. A separate
exchange number, necessitating the use of two mul-
tiple appearances, is allocated to each of the two
sharing subscribers except where service is given by
Exterision Plan working.  Selective ringing is a
standard feature of the scheme and is achieved by
ringing over the A line for one subscriber and over the
B line for the co-partner. Sharing subscribers’ installa-
tions carry the designations X and Y. The X installa-
tion is that at which ringing is effected by applying
ringing conditions at the exchange as for a direct
exchange line, and for the common metering scheme
is that against which outgoing dialled calls from either
installation are metered on a “ joint account ™ basis.
The Y installation is that which is rung by reversing
the ringing conditions applied at the exchange.
Standard apparatus and equipment with minor



changes and additions are used on the manual and
common metering systems. Telephones with special
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push-button calling facilities are required in the
separate metering system. From the functional point
of view there is little change from normal instrument
and exchange working ; such differences as there are
are specifically referred to later. Listening-in is
possible with all the three standard types of shared
service should one of two sharing subscribers rick up
the telephone to originate a call whilst the other is
using the line ; on average this it is estimated is un-
likely to occur more than ten times in a year. Inter-
communication between the two sharing subscribers
is possible with the assistance of the operator. The
foregoing principles apply to the three specific forms
of shared service, descriptions of which follow.
Shared Service (Manual).

This service is applicable to manual exchanges of all
types; it is, however, necessary when providing
shared service in magneto areas to convert the sub-
scriber and exchange terminations, and a proportion
of the cord circuits, to C.B.S. No. 1 working. This is
necessary to avoid false rings which would otherwise
arise when signalling from the subscriber’s installation
to the exchange. In these circumstances the D.C.
loop call, A wire earth clear method of working re-
places the A.C. generator signalling of the magneto
system. At the subscribers’ premises standard instru-
ments of the one-piece or two-piece type are used
throughout ; it is, however, necessary to add a
2uF condenser and to make a small wiring change at
each installation with the exception of that of the
C.B.S. No. 1 X station. The changes necessary are
shown in principle in Fig. 1. The additional 24F
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condenser is provided to prevent earth being con-
nected directly to line during speaking conditions,
thus minimising the possible disturbance effects of
line unbalance and earth currents. At the exchange,
selective ringing necessitates wiring changes but no
additional equipment. The necessary changes are
shown in Fig. 2.

With-the expansion of shared service working, the
alterations to the permanent wiring and loss of calling
equipments at C.B.S. non-multiple and restricted

multiple exchanges with the arrangements depicted in
Fig. 2 (2) and (3) are not tolerable, and in future the
two sharing subscribers will be terminated on one jack
and calling equipment. A ringing reverse key will be
fitted on the switchboard and used when calling the Y
subscriber. The Y subscriber will be given the same
exchange number as the X subscriber, but with a
special prefixed digit to place it outside the normal
exchange numbering range. For magneto exchanges
the complications of associating a ring reverse key
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with special cord circuits and the small number of
exchanges involved does not justify a change in the
method of providing shared service. The foregoing sets
out the whole of the changes necessary to afford
shared service facilities in manual areas. The actual
calling conditions to and from the exchange and the
clearing conditions to the exchange for a typical
C.B.S. 1 installation are shown in Fig. 3, which should
be considered in conjunction with the explanations so
far given.

In C.B.S. No. 1 areas (including magneto areas)
where one sharing subscriber is more than 2 miles
farther from the exchange than the other, the more
remote station must be made the X station to avoid
the possibility of false clears. Two pointd only
remain to be covered and are referred to hereunder.

Ring Trip—Answering by the called party while
the operator has her ringing key operated results in
extending the ringing current over that subscriber’s
Ioop to the bell of the sharing partner, the latter being
called to the telephone unnecessarily. This trouble
can be minimised by operators giving rings of short
duration on shared service installations, but a much
better solution is to be found in fitting, whenever
possible, ring trip relays in the position ringing leads.
This can be done without much difficulty at C.B.
exchanges and will shortly be introduced as the
standard arrangement. It is not practicable, however,
where machine ringing and secondary cells are not
available. The design of a suitable ring trip relay
for use with C.B.S. working presents some difficulty
even when a ringing machine and secondary cells are
available and further investigation of the C.B.S. case
is in hand.

Bell-tinkling —Tinkling of the bell is caused by
current surges due to the inductive effects of the line
relays during flashing (and also during dialling in
automatic areas, which are considered later but which
from the tinkling aspect can be conveniently con-
sidered here). Hitherto, bias springs have been used to
suppress tinkling ; their use has, however, been
restricted to shared service on automatic working.
The adjustment of bias springs is critical and such that
suppression of tinkling is achieved only at the expense
of some degradation in the ringing efficiency of the
bell. Under the conditions of varying line charac-
teristics that have to be catered for, it is not surprising
that their use has not given complete satisfaction.
Thermistors, small glass-enclosed resistors having a
negative temperature coefficient, offer a possible cure
for tinkling, but their adoption ultimately will depend
on experience of their behaviour in use, details of
which at the moment are lacking. At present, a cure
is to be found in the use of a bridge-rectifier relay unit,
a contact of the relay being used to isolate the installa-
tion bell except under ringing conditions. As a matter
of policy this bridge-rectifier relay unit will replace
the bias spring as soon as it is available in quantity
and will ultimately be fitted as standard at all shared
service installations with the exception of C.B.S. No. 1
X installations where it is essential to retain the A line
earth connection. The case of the C.B.S. No. 1 X
installation is under review. Typical arrangements

for installations using instruments of the one- and
two-piece types are shown in Fig. 4.
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Ringing current applied to the appropriate line at
the exchange initially finds a path via the 1 uF
condenser, full-wave bridge rectifier, and slow-to-
operate relay, to earth. The relay operates to ringing
current after a short interval of time and at Rl
connects the bell and condenser of the telephone
instrument in parallel with the bridge rectifier, etc.,
to earth and the installation bell is rung. The slow-
operate feature of the bridge rectifier relay guards
against false operation and unwanted bell response
likely to arise from short duration current surges but
is designed to respond to interrupted ringing currents.

Shared Service (Con;mon Metering).

This service is applicable to all types of automatic
exchanges except U.A.X.s Nos. 9, 10 and 11 and any
non-standard exchanges at which circuit changes
would be necessary. As distinct from the manual and
separate metering schemes, all calls with the exception
of those via the manual board, are recorded on a
single meter, joint accounts being rendered in respect
of these calls. Two subscribers share a single line and
single calling equipment but have individual multiple
appearances. At the subscribers’ premises standard
instruments of the one- and two-piece types are used
throughout ; it is, however, necessary to add a 2 uF
condenser and make a small wiring change at each
installation. The changes necessary are as for those
of the shared service manual scheme referred to under
that heading, and shown in principle in Fig. 1 (2). At
the exchange, selective ringing necessitates reversed
jumpering between the Y subscriber’s final selector
multiple and the line. Apart from the additional
condenser no extra apparatus or equipment is
required. A typical installation and exchange
termination is shown in Fig. 5.

As will be seen, either subscriber calls the exchange
by looping the A and B lines in normal manner, the
calling equipment functioning as for standard auto-
matic working. Seizure of the calling equipment
connects earth to the P wire and busies both final
selector multiples. The jumpers of the Y subscriber
are reversed at the M.D.F. and this, in conjunction
with the reversal of the A and B lines of the Y sub-
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scriber at the tee point, caters for selective ringing.
A cure for bell-tinkling is to be found in the ultimate
standard use of the bridge-rectifier relay unit referred
to earlier, this unit replacing bias springs and the
additional condenser at both subscribers’ installations

shown in Fig. §, the arrangemen

ts being as shown in

Fig. 4. This scheme has the advantage in that use is
made of a single calling equipment, thereby effecting

economies in plant utilisation ;

from the subscriber’'s |

it suffers, however,

tion connected earth
to the A wire of the
line. At the exchange
the X calling equip-
ment had its L relay
connected to the B
wire and the Y calling
equipment had its L
relay connected to the

A wire. Thus, depression of the calling button by the
subscriber ensured that the call was connected via the
correct calling equipment and that the appropriate

subscriber’s meter was taken into use.

The scheme

was devised for use at standard uniselector exchanges,
2000-type linefinder exchanges and U.A.X.s No. 14,
and is shown in principle in Fig. 6. .

It will be observed in Fig. 6 that earth must be dis-
connected from the positive wire of each subscriber’s
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calling equipment to prevent the L relays operating
via the reversed jumper connections inserted in the Y
subscriber’s circuit at the M.D.F. to provide selective
ringing. At the subscriber’s premises a telephone of
the one-piece type (Tele. No. 310), which includes a
push-button and a special bell-set (Bell-set No. 41)
were fitted. The special bell-set included a rectifier
used in conjunction with the push-button change-over
spring-set of the telephone instrument for calling
purposes, and also apparatus for bell-tinkling sup-
pression. It will be seen from Fig. 6 that depression
of the calling button with the handset off its cradle
connects earth via the telephone instrument to the
B wire for the X subscriber and to the A wire for the
Y subscriber. The rectifier associated with the calling
button prevents the calling earth from being extended
to the A wire (X subscribers) and B wire (Y sub-
scribers). The rectifier is necessary to maintain a
holding loop to the 1st selector A relay at the exchange
irrespective of the position of the calling button and
so prevent a false impulse to the selector during the
release of the button after dial tone is received.

The arrangement shown in Fig. 6 has the drawback
that a plain loop across the A and B wires does not
operate either of the calling equipments.
Loops can occur in this way due to line
faults or a subscriber failing to replace
his handset when the caller has cleared
after an incoming call, or if a subscriber
lifts his handset without pressing his

of the day. Authority has therefore been given for the
provision of the shared service (separate metering)
scheme without anti-lock-up relays at standard uni-
selector and 2000-linefinder exchanges and U.A.X.s
No. 14 at the discretion of Telephone Managers,
wherever the availability of subscribers’ calling equip-
ments permits it to be used. A decision as to the
conditions under which anti-lock-up relays should be
used has been deferred until more experience has been
obtained as to the service given without the use of
these relays. The shared service (separate metering)
scheme using two calling equipments but without
auxiliary relays at the exchange cannot be used at
pre-2000 type linefinder exchanges because the normal
busying condition to the final selector during an
outgoing call is a disconnection of the P-wire and so
cannot be used to busy the final selector multiple of
the other subscriber. A scheme has been devised
using two relays per shared service line as shown in
Fig. 7. The subscriber’s apparatus is the same as for
the separate metering scheme already described.

It will be seen from Fig. 7 that the subscriber’s
calling earth is extended to the L relay in the appro-
priate calling equipment and that relay KX or KY is

IDF
MDF LOF MULT

- o i

+( X suBs
CALLING
EQUIPMENT

. xsy (&—o | X SUBS.FINAL
calling button. Should the other sub- sues.{ <’ SELECTOR MULT
scriber depress his calling button while UNE o 3 T
such a loop is across the line, the earth : [ 500 | ?O g
from the calling button is connected to eV % METER
both the A and B wires ; in these circum- JUMPER” 1 4~ =—%5
stances both subscribers’ L relays operate e o S
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then lock in the operated position via the SELECTOR MULT
jumper reversal on the M.D.F. and remain
held until the ““lock-up " is cleared by L

hand at the exchange. It was considered
that the frequency of occurrence of this
lock-up would be too great to permit the
satisfactory introduction of service by this
method and a circuit consisting of the
addition of two relays per shared service line was
designed to prevent ‘‘lock-ups”’. These relays are
connected in the circuit at the I.D.F. between the line
and the two subscribers’ calling equipments.
Because of the time required to provide relays, the
scheme illustrated in Fig. 6 was re-examined, and it
was decided that lock-ups occurring due to nearly
simultaneous origination of calls by the two sub-
scribers could be reduced to negligible proportions by
instructing the subscribers to depress their calling
button before lifting the handset from the cradle, and
field trials of the scheme with this method of operation
by the subscriber are in progress. The information
obtained to date from these trials is insufficient to
determine’ exactly the conditions under which the
relays to prevent lock-ups are essential, but have
indicated that a reasonable service can be given
without relays, at least at exchanges where regular
maintenance attendance is available for some part
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JINEFINDER EXCHANGES.

operated to busy both final selector multiples and dis-
connect the unwanted calling equipment when a line-
finder switches to the calling subscriber. Busying of
the final selector multiples is thus deferred until a line-
finder switches to a calling line but this is not expected
to cause any serious difficulty as shared service sub-
scribers will have comparatively low calling rates.
This scheme has two restrictions :—

(a) It cannot be used with pre-2000-type line-
finders having pre-3000-type relays because
relays PA and PB in the linefinder are so sensi-
tive as to switch to the battery via KX or KY
when they should hunt over a shared service
line.

(b) Shared service subscribers must not be con-
nected to both odd and even outlets of the same
position on a linefinder bank as the linefinder
can then switch falsely to battery via two KX
or KY relays in parallel.
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This method of providing shared service (separate
metering) at pre-2000-type linefinder exchanges is to
be introduced when the relays are available.

Methods of providing separate metering by using
two subscribers’ calling equipments but without any
auxiliary relays at U.A.X.s Nos. 5, 6, 12 and 13 have
recently been proposed and arrangements are being
made for field trials of these schemes.

A method of preventing lock-ups at 2000-type line-
finder exchanges without using relays has also been
suggested and a field trial of the proposal is in
progress.

It is appreciated that all the methods of providing
separate metering which have been described so far
are restricted in their application to exchanges which
have sufficient spare calling equipments to permit one
being allotted to each subscriber. The development of
simple relay sets which can be used to provide
‘separate metering when associated with a single
standard subscriber’s calling equipment is therefore
in hand and for uniselector and 2000-type linefinder
exchanges and U.A.X.s No. 14 development has
reached an advanced stage. For Siemens No. 16 ex-
changes the relay set required to provide separate
metering using two calling equipments would be as big
as that for use with a single calling equipment and
development has therefore been confined to the single
calling equipment case. For all sthemes envisaged for
separate metering, push-button calling, using Teles.
No. 310, and Bell-set No. 41 has been adopted as
standard. The development of separate metering
schemes for manual exchanges has been considered
but the additional equipment or changes to existing
equipment required to provide a satisfactory scheme
are not justified, in view of the small saving in opera-
ting time that would accrue from the avoidance of
ticketing.

Shared Service (By means of Extension Plan Working).

In addition to the three forms of service described,
a simple Extension Plan has been devised for use in
cases where there is a shortage of spare exchange
multiple. Two subscribers are connected in parallel
to a single line, use being made of a single exchange
number common to both subscribers. Incoming rings
are received simultaneously at both subscribers’
installations, simple signalling intercommunication
being provided between the two stations. The
arrangement can be provided using standard instru-
ments of the one- or two-piece types, a typical
installation of the latter type being shown in Fig. 8.

Supplementary Facilities on Shared Service Lines.

Extension Plans 1, 14, 1B, 4, 5, 5A, 7 and 7A are
now available as standard installations with the
exception that the last four are not permitted (2) on
local battery systems or (b) on C.B. and automatic
systems using Bell-set No. 20; in the latter case
service is given using Bell-set No. 39. Increase in the
number of Extension Plans for shared service working
has been undertaken with the object of increasing
the scope of shared service both as regards existing
exclusive line subscribers willing to share their line,
and new applicants for telephone service. In ex-
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tending the number of standard arrangements,
changes to the permanent wiring of telephone instru-
ments and subsidiary apparatus have been avoided
and have been restricted to Extension Plans for which
there is a popular demand. Requirements for
installations other than those referred to are dealt
with on a non-standard basis. The subscriber’s
operating procedure referred to under the separate

BELL-SET < ] E

No 41 L__.

PR IR SRR TR S

L BELL-SET BCLL-SET.._J
No 26 No 26

Fic. 8.—SiMPLE PARALLEL EXTENSION FOR USE WHERE
EXCHANGE MULTIPLE 1S EXHAUSTED.

metering scheme has made it desirable where possible
for the calling button to be an integral part of the
telephone instrument. At the moment, with Extension
Plans 5, 5A, 7 and 7A it is necessary for a separate
press button B to be provided as part of the installa-
tion at the main station. 'Whilst there is little prospect
of effecting any change as regards Extension Plans 5
and 5A, the case of 7 and 7A is somewhat different in
that it is a much more popular service and moreover
the left-hand extension call button of Bell-set No. 39
is not required on these instailations. In these
circumstances development is in hand to replace the
simple make-contact spring set of Bell-set No. 39 by a
change-over set and minor cable form to permit the
left-hand button on the bell-set to be used for calling
the exchange on Extension Plans 7 and 7A.

Listening-in on Shared Service Lines.

Several schemes for providing secrecy on shared
service have been considered. In all cases additional
apparatus is required and in nearly all, additional
wiring between the subscribers’ premises is involved,
factors which cannot be readily overlooked in the
light of the present restricted programme. Moreover,
it has been questioned if secrecy is really desirable
with shared service, particularly with residential
installations. A secret service has objections on the
score that it would deprive one party of telephone
service, even for emergency calls, while the sharing
partner was using the line and would also prohibit
calls between the sharing partners. By special
arrangements and additional equipment the foregoing
objections can in part be overcome but not with entire
satisfaction. =~ The general conclusions reached in
considering this question were that the proposals to
overcome bell-tinkling would in a large measure
reduce complaints of lack of secrecy in that sharing
partners would have no indication of the use of the
line by the other and any listening-in would arise



from pure chance. For the reasons mentioned it has
been decided that the development of a secret shared
service is unnecessary for the present.

Conclusion.

Developments other than those already described
are in hand, typical among which are those of a
wall-set equivalent of Telephone No. 310, that of a
simplified version of Bell-set No. 41, and the asso-
ciation of the components required for bell-tinkling
suppression as an integral part of the telephone

instrument. Consideration of many problems, some
still unsolved, has fallen to the lot of the various
Headquarters Engineering Branches, and to mention
only a few are those of local line plant, three-wire
wiring, faultsmen’s telephones and ring-back facilities,
burglar alarm and deaf-aid telephone installations.

Meanwhile the number of shared service stations in
the U.K. has risen from approximately 10,750 at the
end of 1946 to 80,000 at the present time and there are
indications that the 100,000 mark will be passed by
the time this article appears in print.

Reorganisation of Post Office

was published. This outlined plans for the future
employment of scientific research workers in the
Civil Service. Reorganisation, into two main classes,
commonly known as the * Scientific Officer ” and the
“ Experimental Officer ”’ class was indicated. These
would be common to all Government Departments.
The structure of the first of these, in particular, differs
quite markedly from that of the Administrative Class
in the Civil Service, and from that of the Post Office
Engineering Class, as it allows suitable officers holding
senior posts to continue their individual scientific
work without undertaking administrative responsi-
bilities. The staff at other Government research and
experimental establishments, such as those belonging
to the Ministry of Supply and the National Physical
Laboratory, have now been mostly absorbed into the
various grades of the new classes. Tliese néw classes
include engineers as well as chemists and physicists
working in the more remote fields of scientific research.
In 1945, also, proposals were first put forward for a
substantial increase in the Research Branch so as to
enable it to play a greater and appropriate part in the
future development of the Post Office system.
Indirectly the activities of this Branch may assist
British manufacturers to sell improved telecommuni-
cation apparatus abroad. Apart from a comparatively
small number of officers classified as Chemists or
Physicists, the technical staff in the Research Branch
had hitherto been carried on the normal Post Office
Engineering grades. The advantages of such a method
of staffing are obvious; it permits free interchange
between the laboratories of the Research Branch, other
Headquarter Branches, such as Transmission and
Main Lines, and Telephone, where future develop-
ments of the Post Office system are planned in the
field. Tne other advantages of the common
“ Scientific Officer ” and ‘‘ Experimental Officer
classes, however, were such as to justify including
within them not only the existing Chemist and
Physicist staff, but also engineers engaged on objective
fundamental research in such fields as electronics.
The present authorised complement of fully quali-
fied research workers, scientists and engineers, is
approximately 50 per cent. greater than in 1945.
About one-third of these are scientists, the remaining
two-thirds being engineers. Much of the complement
in the new grades has been filled by officers in the

IN 1945, a Government White Paper, Cmd. 6679,

Research

Branch whose duties have not been appreciably
changed by the fact of reorganisation. As the process
of reorganisation has been spread over a considerable
period of time (it is not yet quite complete), no dis-
location of work has been caused. Shortage of
accommodation and the difficulty of getting aitera-
tions made to existing buildings so as to make them
suitable for the increased staff and the work to be
done have been greater embarrassments and of a kind
common to other Branches and Departments.

Under the Controller of Research the Branch now
has five Divisions. Two of these are  Engineering ”
Divisions, each directed by a Staff Engineer. In very
general terms their respective fields of work are :—

(i) telephone and telegraph apparatus and
mechanisation of postal services [Division
R/A,
{ii) long-line transmission, including communi-
cation by submarine cables [Division R/C].
The other three are ‘‘ Scientific’” Divisions, each
directed by a Senior Principal Scientific Officer. The
work of these Divisions is indicated by :(—
(iit) electronic devices and associated circuitry
[Division R/B],
(iv) materials [Division R/D],
(v) mathematical and basic physical research;
patents [Division R/E].

The general functions of the Research Branch in
relation to the Engineering Department as a whole
have not been changed ; nor does its constitution in
five Divisions imply any lack of unity. The organisa-
tion has, in fact, been made as flexible as possible so
that it may be able to cope efficiently with new and,
as yet, unforeseen problems with which it will have
to deal, or with changes in emphasis on the different
requirements of work to be done.

The activities of the Post Office Research organisa-
tion have always extended into fields of national
interest allied to communications but not necessarily
of direct application to Post Office requirements.
Some of these fields have recently been centralised in
a separate division, named R/S Branch, under the
control of a Staff Engineer, and while not being within
the organisation of the Research Branch proper, this
Branch enjoys, through the common direction of the
Controller of Research, certain common services and
facilities, and also has the opportunity for close liaison
on matters of mutual interest. W.G.R.
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A Multi-Channel Radio
Telegraph Equipment

U.D.C. 621.396.3 : 621.394.44|

G. N. DAVISON, B.Sc.(Eng.),D.LC,, AMLEE. and
R. J. PICKARD, B.sc.(Eng.), Grad.l.EE.

The latter part of this article is devoted to a description of a two-tone multi-channel voice-frequency telegraph equipment

developed by the Post Office for use by the Services on single-sideband HL.F. radio circuits employing triple space-diversity

reception. A preliminary section of the article tells something of the earlier experiments and development work, and describes
briefly the advantages of two-tone and diversity operation.

Introduction.

N 1941 the Post Office was faced with the problem

of providing an alternative to the submarine cable

telegraph circuits to North America, to cover their
possible loss. A suggestion was made that the
required number of telegraph channels could be
provided on the Rugby V.L.F. single-sideband
radio-telephone connection by the use of standard
multi-channel voice-frequency telegraph equipment,
operating in much the same way as on a landline, that
is, each channel transmitting a tone for a (teleprinter)
marking signal and no-tone for a spacing signal.
Although multi-channel voice-frequency radio-
telegraph operation had only previously been
attempted by the Post Office in tests on transmissions
over relatively short distances, for example between
the Orkney and Shetland Isles, the idea was adopted
and, after preliminary tests simulating the conditions
of transatlantic operation had been made to test the
practicability of the suggestion, the co-operation of
the American Telephone and Telegraph Co. was
obtained in further experiments.

These experiments, in which the standard European
channel spacing of 120 c/s was used, showed that, on
the basis of 6-channel operation, Wheatstone and
even teleprinter operation was practicable except when
the noise crashes experienced on V.L.F. circuits were
bad. It was also demonstrated that a further appreci-
able margin against noise could be achieved by adopt-
ing two-tone operation in which two tones having
differing but near frequency are transmitted, the one
for marking signals and the other for spacing signals.

Two-Tone Experiments on H.F. Radio Circuits.

Early in 1942, with the entry of the U.S.A. into the
war, it was decided to extend the experiment to the
use of H.F. S.S.B. transmissions and to carry out trans-
atlantic tests with two-tone operation. Tests of
Wheatstone operation on six channels proved suffici-
ently encouraging to allow of channels being set up
for traffic within a short time from starting the tests.

The real objective, however, was teleprinter
operation, imposing, unfortunately, more severe
conditions than Wheatstone working for comparable
accuracy. It was found that this accuracy could be
achieved under unfavourable radio conditions only
by using diversity operation. Four-tone frequency
diversity was used, in which each channel transmits
two tones simultaneously for marking signals and two
others for spacing signals, the diversity depending upon
the two tones of a pair being separated as far apart in
the V.F. spectrum as the overall design will allow.
The first four-tone teleprinter channels were handed
over to the service of the U.S. Army late in 1942.
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In the middle of 1943 a complete 6-channel, 4-tone
equipment of American design, adapted from their
standard landline equipment, was shipped to England
on behalf of the U.S. Army. This was installed by
Post Office staff in Faraday Building V.F. Telegraph
Terminal, and, going into the service of the U.S.
Army before the end of 1943, continued satisfactorily
in use until it was recovered when the U.S. Army left
this country after the end of the war.

Development for the British Fighting Services.

In March, 1944, the Post Office began the develop-
ment, on behalf of the Air Ministry, of the two-tone
equipments which are the subject of this article. The
design was based on the use of triple space-diversity
radio reception, instead of frequency-diversity
operation, and was modelled on the two-tone detector
already developed by the Post Office Research
Branch. The first equipments were required urgently,
and had therefore to differ as little as possible from
standard M.C.V.F. telegraph design in order to
facilitate manufacture. Thus, for instance, the tones
were derived from standard multi-frequency genera-
tors, and most of the power equipment was provided
by the adaptation of available standard plant. The
Post Office assumed technical responsibility for the
project up to the point of installing the home terminals
of the links in a R.A.F. wireless station and co-operat-
ing from mid-1945 in tests to Cairo and Delhi, where
the installations had been carried out by the R.A.F.
in accordance with Post Office instructions. The
R.AF. operated the services on H.F. 5.5.B. radio
links, the transmitter drive units and the radio
receivers being designed and provided by the Post
Office Radio Branch. For the further requirements of
the Air Ministry, a completely new M.C.V.F. equip-
ment, incorporating oscillators and built-in power
packs, was developed for manufacture in bulk.
Standard Telephones and Cables, Ltd., have supplied
these equipments, to the order of the Post Office, for
the War Office as well as for the Air Ministry, and.
further equipments are now on order for the Admiralty.

Principle of the M.C.V.F. S.S.B. System.

The single-sideband method of radio-telephony and
its advantages are well known. One sideband and
the carrier are suppressed at the transmitter (or the
carrier may be re-injected and transmitted at very
low power) so that the remaining sideband conveys the
whole of the speech intelligence. If the speech fre-
quencies of telephony are replaced at the sending en_d
by a series of keyed V.F. tones, then the S.5.B. radio
receiver will reproduce a similar series of tones,
wholly separable by standard M.C.V.F. filters. This



is the basis upon which the system under discussion
operates.

The Advantages of Two-tone Operation.

In single-tone M.C.V.F. telegraphy, in which the
receiving relay is operated by the rectified marking
tone opposing a fixed spacing bias, variation of the
rectified current causes distortion of telegraph signals.
Thus the A.G.C. in the amplifier-detector of the
standard landline M.C.V.F, telegraph equipment used
in this country enables slow variations of level of the
received signals within 4 7-5 db. of normal to be
accepted without the signal distortion becoming
intolerably large for teleprinter operation. It was
found that this standard equipment could be used for
Wheatstone operation, on V.L.F. S.S.B. circuits
which are little, or not at all, subject to fading
during much of the 24 hours, provided only that the
level of noise interference was not too high.

However, in the case of long-distance H.F. trans-
missions, whilst noise may be less troublesome, very
deep fading occurs owing to multi-path reception
(with transmission times differing by as much as
2 mS) and to variations in these paths. What is
worse, the fading is usually frequency-selective, that
is to say at a given instant the signal strength of a
particular narrow band of frequencies—say 100 c/s
wide—may be of the order of 30 db. less than that of
neighbouring bands. The rate of general fading
varies considerably but is usually quite slow, whilst
the selective fades may occur as frequently as once
per second and therefore traverse the pass band of a
channel filter in, perhaps, 50 mS. Correction applied
in the radio receiver is capable of compensating for
general, i.e. unselective, fading, but the effects of
selective fading can only be counteracted in the
individual telegraph channels.

Two-tone operation offers the following advantages:

(@) Noise is likely to be approximately equally

received in the closely spaced marking and
spacing channels, so that a measure of com-
pensation results.

(6) A.G.C. of the amplifier-detector is simplified as

a controlling tone is always present. A common
A.G.C. can be designed for the marking and
spacing tones, having a wide range of control
of the order 50 db. and a very short time-
constant, such as 10 mS, to enable it to follow
deep and rapid fading. Itisarranged that when,
for instance, a strong marking signal is being
received, the common A.G.C. reduces the gain
of the marking channel and at the same time
reduces that of the corresponding spacing
channel to suppress noise in it.

(c) As the corresponding marking and spacing

tones are closely spaced, say for example,
660 c/s and 780 c/s respectively, they are likely
to be similarly affected by moderate selective
fading, and this is borne out in practice.

Diversity Operation.

The simple two-tone arrangement is satisfactory
in most circumstances for Wheatstone operation, but
when the selective fading is very severe, that is when

the depressed frequency band at any instant is very
narrow and the fading deep, diversity operation has
advantages. In four-tone operation one or other of the
diversity-pair of tones, for example, 660 c/s and 1380
c/s, is always likely to be sufficiently strong for good
reception, and can be arranged to take charge for the
time being and suppress the amplifier of the weaker
frequency which otherwise would amplify unwanted
noise at high gain. It will be apparent that this
improvement, which makes satisfactory teleprinter

. operation realisable, is only achieved by halving the

number of complete channels that can be accom-
modated in a given frequency band.

Another way in which similar advantages in quality
of reception can be obtained, using only the band-
width of two-tone operation but complicating the
radio receiving equipment, is the employment of
double or triple space-diversity radio reception, in
which two or three widely spaced antennz with
separate radio receivers are required. Each receiver is
connected by a separate landline to a two-tone
M.C.V.F. telegraph receiving equipment, and (con-
sidering any one channel of a triple-diversity system),
the M.C.V.F. detector receiving the strongest signal
at a given instant controls the telegraph receiving
relay, and the weaker signals in the other two detectors
are rejected. The necessity for three independent
lines between the radio receivers and the M.C.V.F.
equipment is a slight disadvantage if they are situated
far apart. Triple space-diversity operation was
adopted for the Services system.

Development of the Two-Tone Detector.

The first two-tone detector developed by the Post
Office for the V.L.F. tests had A.G.C. with a time-
constant of 150 mS and covered level changes of
30 db. This of itself was not thought adequate to
deal with the depth of fading expected on H.F.
reception, and it was decided, for the early H.F.
tests, to precede the detector by an amplifier-limiter
of a type proposed by the A.T. & T. Co., necessitating
the use of additional filters. The general arrangement
is shown in Fig. 1. It was found in practice that the
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Fic. 1.—EARLY Two-TONE ARRANGEMENT FOR H.F. TESsTS.

presence of pre-limiting, even in Jocal test, caused the
telegraph distortion to be high—of the order of 10 to
12 per cent.—although there was little further
increase with severe fading and, moreover, the pre-
limiting is of advantage when the signal-to-noise
ratio is very low. In view of the objection to the high
distortion, however, the first two-tone channels set up
for H.F. morse operation in July, 1942, employed the
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two-tone detectors only, the general arrangement
being as shown in Fig. 2, and it was decided to proceed
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FIG. 2—ARRANGEMENT OF EXPERIMENTAL H.F. Two-ToNE
OPERATIONAL MORSE CHANNELS.

with the development of this arrangement. A new
design of amplifier-detector was produced having
A.G.C. with a time constant of 10 mS, capable of
handling fades of 50 db. This detector has remained
virtually unchanged in the latest equip-

oscillator would have to be switched into use, or the
channel oscillators themselves must have the requisite
stability. It might also appear that with frequency-
locking it might be possible to eliminate the worst
peaks in the composite wave-form of the six channel
audio outputs. This would allow the power of the
radio transmitter to be used to best advantage.
However, no such advantage can be guaranteed due
to phase changes arising in the audio line to the
transmitter. Relative phase shifts can also occur
between the channel oscillator outputs, due to the
drift of their natural frequencies from those to which
they are locked. The latter difficulty might have
been overcome by providing phase-, as well as fre-
quency-locking, but it was decided that free oscillators
would suffice.

The connections required between the V.F. equip-
ment and the telegraph instruments, radio transmitter
and radio receivers are shown in Fig. 3. It was
expected that the V.F. equipment would usually,
though not necessarily, be accommodated at the
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employing oscillators, self-contained power STATION

packs for A.C. mains and more appro-
priate testing equipment. The best
possible layout on 7 ft. 6 in. high bays, for both
ease of maintenance and economy of space, was
sought, and tropical finish was specified. The sending
and receiving channel equipment for a complete
system was accommodated on three bays, and an
additional common equipment and test bay was
designed to serve two such equipments in anticipation
of there being many stations requiring two systems.
Hermetically sealed filter units were adopted, which
occupy little space and are also free from the troubles
caused by humidity in tropical countries. A careful
study was made of the temperature/frequency
stability of these filters, and also of the channel
oscillators, since signals generated at one station under
a rising tropical sun might well have to be received
half way round the world under an icy moon with,
however, the reasonable expectation that the con-
ditions inside the buildings would never be extreme.
The desirability of locking the channel oscillators to a
common master oscillator was also studied. It might
appear that by using frequency-locking only the
master oscillator need have the desired stability.
But to cover its failure, either a second master
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Fie. 3.—LAvouTr OF SINGLE-SIDEBAND RADIO TELEGRAPH SYSTEM.

radio receiving site. For the maximum economy in
lines with all possible arrangements it would have
been necessary for the V.F. sending and receiving
equipments to be separable, but a decision was taken
to keep them always together for ease of control and
maintenance.

A block schematic diagram of the V.F. telegraph
equipment is shown in Fig. 4. On the sending side
each of the six sending instruments, usually tele-
printers, controls the output of two oscillators by
means of two modulators, connected in opposite sense
so that while one passes tone the other suppresses it.
The Morse relay, controlled by a Morse key, can be
made to short-circuit the send transformer secondary,
a facility required in lining up the radio circuit but
also available for providing Morse signalling as a last
resort when radio conditions are too bad for any kind
of teleprinter sending. The 16 db. pads at the sending
and receiving ends are used in connection with the
reduction of the number of working channels from
six to one under bad radio conditions, the one
selected channel transmitting at increased power.

On the receiving side, it is not until afier the






tone to transformer T3. The suppression is at least
35 db., and usually over 50 db. for any value of D.C.
control current between 15 and 25 mA. A complete

1
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Fi1G. 7.—OSCILLATOR MODULATOR.

channel equipment comprises two oscillator modula-
tors, the D.C. control circuits of the two modulators
being connected in opposite sense in series.

Detector. The circuit of the two-tone detector is
shown in Fig. 8. Valves V1 and V2 are Class A ampli-

condition. The limiting action of the grid current in
R11 permits satisfactory operation being obtained
with signals varying from +5db. to —45db. relative
to 1 mW.

Potentiometer P1 is used to correct for bias in the
Teceiving circuit, including the detector itself. Three
detectors are combined to make a triple-diversity set
by commoning points A, A; and A, on all three
detectors and using valves V5 and V6 in only one of
the three. The double-diode producing the greatest
signal at any instant assumes control of the output
stage.

Recetving Relay. The receiving relay is similar to
the Post Office Relay No. 299AN but has tropical
finish and a radio interference suppressor incorporated.

Test Gear.

Standard Oscillator and Oscilloscope. The use of
channel oscillators demands frequency checking
facilities. The sub-standard for the check is a 120 ¢/s
oscillator, which provides a circular time base for a
small oscilloscope, the whole being mounted on the
common bay. The oscillator is of the lamp-bridge
design first described by L. A. Meacham! and having
the advantages of great stability of both frequency
and amplitude of output, and also of almost purely
sinusoidal output wave-form. In the present applica-
tion the stability of amplitude is not important, but
the pure sine-wave output is necessary for
a simple circular time base, and frequency
stability is obviously essential. The latter
was achieved by careful design of a stable
coil and condenser combination. As the
frequencies to be checked are all odd
multiples of 60 c/s, a 60 c/s test oscillator
would have been preferable, but it could
not be simply designed to have the
requisite frequency stability. The channel
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fiers (type S.P.41), with a small degree of negative
feedback in that their cathode resistors are unshunted.
In the absence of noise in the received signals, tone is
applied to V1 or V2 but not to both simultaneously.
Valves V3 and V4 are double-diode detectors (type
E.B.34), with load circuits R10, C1, and RI12, C3,
respectively. For a normal marking signal, rectified
current from V3 flowing in R10 applies a positive
potential to the control grid of the D.C. amplifier
valve V5 (type S.P.41), causing V5 to conduct and
grid current to flow. The anode current flowing in
R19 provides automatic bias for V5 and cut-off bias
for V6. Grid current flowing in R11 limits the anode
current in V5 and biases V6 beyond cut-off to ensure
that any noise in the spacing side does not cause anode
current in V6, except when the noise is so great that
the input to T2 exceeds that to T1. The anode current
in V5 operates the receiving relay to the marking
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frequency under observation modulates
the trace in the oscilloscope, and a station-
ary figure indicates correct frequency.

Transmission Measuring Set. A trans-
mission measuring set of conventional
design is provided for the purpose of
measuring signal levels at various test
points in the system.

Relay Test and Signal Generator Panel. A test panel
is provided on the common equipment rack, serving
the double purpose of enabling the receive relays to
be tested and accurately adjusted and of generating
telegraph reversals at approximately 34 bauds for
channel testing. The circuit of the tester is extremely
ingenious, but a description of it would necessarily be
very lengthy. Therefore only an indication can
be given of the facilities provided. In testing a relay
the following sequence of tests is applied in the twelve
positions of a rotary switch, the observations being
made on a meter :—

1. Operate to mark.

2. Hold to mark (with a very small spacing
current).
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3. Saturate to mark.

4. Operate to space.

5. Hold to space.

6. Saturate to space.

7 to 12. All of the above repeated.

For adjusting relays a self-vibrating ““ bias” test
is available. While the relay reverses continuously
by the interaction of its contacts and a resistance-
condenser network its magnetic circuit can be
adjusted to neutrality. Neutrality alone is not a
sufficient criterion, and a ‘ frequency ” test is also
provided. This test covers the adjustment of the
magnetic flux, and to pass the test the pole-pieces
must be set near to their optimum positions.

To transmit reversals an adjusted relay is placed in
the tester, set for the ““ bias’’ test, and the output
rom the relay is connected by plug and cord to the
relay under test. Received reversals can be patched
{for observation on the meter of the tester, simul-
taneously with transmission of reversals if desired.

Testing and Maintenance.

A detailed statement of the testing and maintenance
arrangements is outside the scope of this article, but
a few points of interest are described in the following
paragraphs.

Six-Channel and Single-Channel Facility. The
facility of transmitting only one tone, or channel,
instead of six, and of raising the level of this tone by
16 db., is useful for purposes other than that of gaining
a higher signal-to-noise ratio in times of bad radio
propagation. One tone is transmitted for the lining-
up of the radio transmitter; and one tone is also
better suited to Morse working than six tones asitisa
much more usual signal for the recipient to interpret.
In a single-sideband system, however, where the
transmitter power is governed by the signal power,
precautions must be taken in changing from six- to
single-channel working, or vice versa. The five un-
wanted tones must be suppressed before the level is
raised, or conversely the level must be lowered before
the five extra tones are added, in order that the
transmitter shall not be overloaded.

The recommended order of operating as the radio
link deteriorates is (1) 6-channel teleprinter, (2) single
channel teleprinter, and (3) Morse. Condition (2) is
found to be little used in practice, but the single-tone
facility is justified as it is used for both (2) and (3).
This, however, presents the problem of preventing the
idle teleprinters in the five unused channels from
“ chattering *’ due to spurious operation of the detec-
tors on radio noise. If single-channel working is in use
both ways on the same channel, this is easily overcome
by the operation of the other five mark-space keys
which ““loop ”’ the D.C. send and receive lines. But
if six channels are in operation in one direction and
only one in the other, as sometimes occurs, then the
chattering must be stopped by other means. In this
case the flow of current in the spacing coils of the
appropriate receive relays is prevented by discon-
nection plugs in the “ rectified current ” jacks.

Distortion Tests. Partly because it is more econo-
mical of circuit time, and partly because there is little,

if any, advantage to be gained from the practice, the
telegraph equipment is not tested over the radio link.
All the tests are made ““inlocal . To do this a system-
looping network is provided which divides the sent
signal equally between the three receiving equipments.

As with most A.C. telegraph systems the only
distortion which can be corrected in the normal
course of maintenance is bias distortion. The detector
panels with their range of about 50 db. require a wide
variation of input level to ensure a real test, but to
avoid additional test gear the 16 db. pads already
provided are used to give an input range of 32 db. The
detectors are tested separately and the bias potentio-
meters adjusted with one 16 db. pad between send
and receive sides. The panels are then checked to
ensure that no serious bias is introduced either
when the level is raised or lowered 16 db., or when
the three panels proper to a channel are combined.

Oscillator Checks. A facility which though seldom
required may occasionally be invaluable, is that of a
station-to-station frequency check. A certain station
may suspect its 120 c¢/s standard oscillator, or the
frequencies being transmitted to it by a distant
station. In such a case, a received signal may be
patched from the output of the receiving filter to the
oscilloscope, and the design of this tester is such that
the signal will give a readable modulation under
average radio conditions. By transmitting a
“guaranteed ”’ 1,020 c/s signal (over channel 3
“ space ”’) for example, the distant 120 c/s oscillator
can be checked. Alternatively any incoming signal
may be observed for frequency on the receiving-end
oscilloscope.

Conclusion.

As radio circuits vary so much, according to the
relative geographical positions of the stations and to
the prevailing propagation conditions, it is impossible
to generalise upon the proportion of the day in which
the system is likely to be fully effective on all channels,
but at least the multi-channel S.S.B. system compares
well with competing methods of operation. For the
transatlantic system, operating with frequency
diversity, an extract of the log was made for two
weeks in every three months over a period of fifteen
months, and the average daily record of these six
periods was 19-3 hours service on all six channels
plus 1-2 hours on one channel only, the circuit being
closed for a fixed two-hour period every morning.
The authors have not access to similar information
for any of the circuits operating with the triple space-
diversity equipment, but it can be safely assumed that
their performance would be not worse under similar
conditions.

Acknowledgments. i

It will be realised that many officers of the Research,
Radio and Telegraph Branches of the Engineer-in-
Chief’s Office have been concerned with this develop-
ment and have contributed directly or indirectly to
the material of this article. Thanks are also due to
Standard Telephones and Cables, Ltd., for help given
and for permission to use their photographs of the
equipment.

153



C.C.I.(F.) Meeting, Stockholm, June 1948

U.D.C. 061.3 : 621.395.06. 620.193

in Stockholm over the period 7th-22nd June,

1948. The discussions covered a wide field,
including administration, operating and tariff matters
as well as many engineering questions. These notes
review the matters of direct engineering interest
which were dealt with. The matters fall into two
classes, the first being concerned with the European
Switching Plan and the second with questions of cable
corrosion.

3 NUMBER of Commissions of the C.C.L.(F.) met

The European Switching Plan.

It will be recollected that the development of this
plan is entrusted to a Mixed Commission! which
unifies the activities of the 3rd, 6th and 8th Com-
missions, and the Sub-Commission for Demand
Working. One of the main outstanding problems is
to agree upon a signalling system, and arrangements
are being made to hold a field trial' to give guidance
on some outstanding points of difficulty, and, in
particular, to enable a choice to be made between a
system employing one frequency only, and a system
making use of two signalling frequencies. At
Stockholm it was hoped to obtain agreement between
all parties on the facilities to be given for the field
trial, and especially on the following points :(—

(a) the method of dealing with p7é avis calls,
(b) the extent and method of use of alternative
routing,
(¢) the methodsto be employed for delay working,
(d) the facilities and signals required when it is
necessary for an operator setting up a call
under semi-automatic conditions to make
use of the services of another operator at
another point in the connection.

Common discussions took place at Stockholm on
the above questions. A strong feeling emerged that
there was an urgent need (in view of the difficulty of
obtaining qualified operators and accommodation)
for relieving incoming operators and freeing incoming
positions, by providing dialling facilities from a
switchboard at one international centre merely to
subscribers in the local area of a second international
centre directly connected to the first. It was also felt
that in view of the ldck of experience of semi-
automatic working in the international field, it was
not possible at this stage for definite decisions to be
made regarding operator methods and facilities
required where a comprehensive tandem switching
scheme is in question. It was finally decided that the
equipment for the dialling trials should be designed
with the main object of bringing about as rapidly as
possible the standardisation of signalling and switch-

1PO.E.E.J., Vol 41, p. 50, and C.C.LLF. Document,
‘“ Programme Général d’Interconnexion Téléphonique en
Europe.”

ing equipment for direct operator-dialling as defined
above. This does not rule out the provision in the
trial equipment of means for trying out more extensive
facilities if these can be included without appreciable
additional complication or delay.

Operating and other questions on which decisions
could not be reached at Stockholm were left for
consideration by the appropriate Commissions. For
example, on the question of alternative routing, it
seems possible that considerable economies can be
effected by allowing two transit centres in an inter-
national call instead of one as at present laid down.
This was one of the points made by the American
Telelz)hone & Telegraph Co. during the 1947 study
trip.

During the Stockholm meeting, a decision was
taken by the Administrations of Sweden, Denmark
and Norway, to put in hand a series of dialling trials
on lines connecting these three countries. This
development will be watched with great interest, and
arrangements have been made for the working party
concerned with the trials to be extended to include
representatives of Norway and Denmark (Sweden
was already represented).

Cable Corrosion.

The 1st C.R. did not meet this year as further time
was needed for progress to be made with the questions
discussed in Paris in 1947.

The work of the 2nd C.R. was confined to that of
the committee undertaking the preparation of recom-
mendations for Protection against Chemical Corrosion.
The provisional plan agreed upon in Paris in 1947
envisaged seven chapters dealing with different kinds
of corrosion and the mechanism of corrosion; cable
sheaths ; coverings and armouring ; conduit systems ;
means of distinguishing between different kinds of
corrosion ; and the physico-chemical and bacterio-
logical characteristics of soils. The first drafts of these
chdpters—three of which were prepared by the British
Post Office—were discussed and co-ordinated and a
good measure of agreement reached on the revised
drafts which are to be further studied for discussion.

Our Swedish friends did everything possible to
ensure the delegates’ comfort and interest. An
excursion was organised to the L., M. Ericcson works in
Stockholm which was most enjoyable and instructive.
A further trip to Mariefred and Visteras included a
visit to the old castle of Gripsholm, and an inspection
of Visteras automatic exchange which is interesting
in that crossbar-type registers are being fitted in a
500-point selector exchange. Many thanks are due
to the Swedish Administration for the excellent and
complete arrangements made for the Reunion.

H.W.

*P.0.E.E.J., Vol. 41, p. 50.
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Fitth Plenary Meeting of the C.C.I.R,,

Stockholm, July, 1948

U.D.C. 061.3:621.396

HE duty of the International Radio Con-

I sultative Committee (C.C.I.R.) is to study
technical radio questions and operating
questions, the solution of which depends principally
on considerations of a technical radio character, and
to issue recommendations on them. Thus the terms
of reference differ from those of both the C.C.L.T.
and C.C.I.F. since they are confined to technical
matters and do not include operating and tariff
questions. The fourth plenary meeting of C.C.I.R. took
place at Bucarest in 1937 and it was proposed that
the fifth meeting should be held at Stockholm in
1942. However, the intervention of the war made
such a meeting impracticable and it was not possible
to hold the fifth meeting prior to the International
Telecommunication and the Radio Regulations Con-

radio noise, standard frequency and time signal
transmissions, international monitoring of radie
transmissions, marine radio, radiophoto transmission
and broadcasting. Reports outlining the conclusions
reached were circulated to the Chairmen of the six
international study groups and the U.K. delegation
travelled to Stockholm for the formal opening of the
fifth C.C.I.R. on 12th July, 1948. A total of 34 nations
was represented at the meeting which was held in
a hotel in the centre of the capital. The accommo-
dation included two lounge rooms provided with
simultaneous translation facilities and several smaller
rooms for which successive translation facilities were
available. The proceedings were under the able
chairmanship of Dr. Sterky, Swedish Administration,
and the work was carried out by ten committees as
outlined in Fig. 1. These comprised organisation,

CO-ORDINATION

TECHNICAL

I ]

ferences held at Atlantic City in 19471 This was
1 ORGANISAT ION ] &ADS OF DELEGATION l
R e

[

STAIDARD FREQINSY | | [ ceneraL TeCHNICAL |

[RADIO PROPAGATION 1

[ INTERNAT IONAL I I BROADCASTING

]

MONITORING
T ]

{
[PLENARY ASSEMBLﬂ

Fi1G. 1.—ORGANISATION OF COMMITIEES.

unfortunate since it was not possible in the Atlantic
City deliberations, during which the reallocation of
the radio frequency spectrum was undertaken, to
take full advantage of up-to-date C.C.L.R. studies.
The importance of such studies was fully appreciated
at Atlantic City where it was recommended by the
International Telecommunications Conference that
the fifth C.C.I.R. should be held at Stockholm in
1948. In addition, it was decided to strengthen the
C.C.ILR. by the election of a full-time Director and
Vice-Director and by the provision of a permanent
secretariat. The period of eleven years which had
elapsed since the Bucarest meeting was one in which
major advances were achieved in radio communication
and, in consequence, the fifth C.C.I.R. was important
in respect of the resulting technical advice which
could be made available to members of the Inter-
national Telecommunications Union (I.T.U.), to the
International ~ Frequency  Registration = Board
(I.Ii;.R.])S.) and to the Provisional Frequency Board
(P.FB.). -

Preparatory study groups were set up in the United
Kingdom in February, 1948, to examine the out-
standing Bucarest questions requiring further study
and also the new questions posed at Atlantic City.
All aspects of radio communications were concerned
and the six study groups considered respectively the
bandwidths of transmissions, radio propagation and

1P.O.EE.]., Vol. 40, p. 175.

heads of delegation, co-ordination and drafting
committees and six technical committees. The six
technical committees, on which fell the burden of
making the technical recommendations, were in
general under the chairmanship of the chairman of
the international study groups who had been
nominated at Atlantic City. Their work was broken
down into sections for study by sub-committees and
working groups and these were fully occupied in
making technical recommendations for submission
to the drafting committee and then to the plenary
assembly. Simultaneously the other committees were
concerned with the organisation of the fifth C.C.I.R.,
the election of the Director and Vice-Director and
with the organisation of the preparatory studies for
the sixth C.C.I.R. -

It is not possible in this brief survey to discuss in
detail the work of the technical committees and it is
proposed merely to outline some of the more im-
portant items. Some progress was made on the
effective bandwidths required for the various types
of transmission on which more detailed information
is required in connection with the reallocation of the
radio frequency spectrum now being undertaken by
the P.F.B. and I.F.R.B. at Geneva.

Several problems associated with the accurate fore-
casting, over the complete sunspot cycle, of the
optimum frequencies for all types of radio links were
examined. Recommendations on the provision and
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siting of additional ionospheric recording stations
throughout the world were made and the need for
additional measurements of radio noise was stressed.
The exchange of information on ionospheric data and
noise on an international basis will be facilitated by
proposals to standardise the nomenclature.

The form of standard frequency and time signal
transmissions for future use was generally agreed.
The difficulties in connection with the simultaneous
operation of several transmissions on the same
nominal frequency were analysed and a preliminary
study was made of the number and siting of the
stations necessary to provide a world-wide service of
high accuracy. It is proposed to carry out inter-
national tests before the sixth C.C.I.LR. to provide
practical information on the limitations set to
simultaneous operation on a common frequency by

recommendations on the words to be used as signals
of distress and urgency were approved. The design
of an automatic distress watch receiver was not
completely evolved and it was decided to make field
trials of two sets, developed by the United States and
the United Kingdom respectively, before making a
final recommendation.

Several questions on sound and television broad-
casting were examined, but in general it was not
possible to make final recommendations and they
were remitted for further study.

As a result of the work of the technical committees
a large number of technical recommendations and
new questions were approved. The elections of the
Director and Vice-Director were carried out, Dr. Van
der Pol will take up the post of Director on 1st
January, 1949, and Mr. L. W. Hayes that of the

INTERNATIONAL STUDY GROUPS

TiTLE

CHAIRMAN

1 Radio Transmitters ..
2 Radio Receivers ..
3 Radio Systems .. ..
4 Ground Wave Propagation ..
5 Tropospheric Propagation ..
6

Ionospheric Propagation

7 Standard Frequency and Time
Signal Transmissions
8 International Monitoring .
9 General Technical Questions
10 Sound Broadcasting
11 Television Broadcasting
12 Operation (Depending on

technical factors) ..

13 Tropical Broadcasting

Dr. E. Metzler (Switzerland)

Dr. P. David (France)

Dr. H. C. A. van Duuren (Netherlands)

Professor L. Sacco (Italy)

Dr. R. L. Smith-Rose (United
Kingdom)

Dr. J. H. Dellinger (United States of
America)

Dr. B. Decaux (France)

M. J. Ehrlich (Czechoslovakia)

Mr. C. F. Booth (United Kingdom)
Mr. Burton (United States of America)
M. E. Esping (Sweden)

M. J. D. H. van der Tooru
(Netherlands)
M. M. S. S. Rao (India)

impairinent of accuracy of the received signal due
to mutual interference. It was also decided that what-
ever the finally agreed form of transmission, the
transmission should cease for a few minutes every
hour to enable radio noise measurements to be made
on all standard frequency allocations, and thereby
to provide the additional noise data so urgently
required for circuit planning.

In discussion on the international monitoring of
frequency transmissions, so important to the effective
exploitation of the radio frequency spectrum, agree-
ment was reached on the accuracy and technique of
frequency measurement. Further stadies will be
made of the problems associated with field strength
and bandwidth measurements.

On the standardisation of radiophoto equipment
it was agreed that sub-carrier frequency modulation
should be used but the question of drum size and
speed, together with associated factors was referred
back for study in co-operation with the C.C.I.T.

Among the marine radio questions, technical

Vice-Director. At the final plenary session 13 inter-
national study groups were created in accordance
with the table, to carry out studies preparatory to
the sixth C.C.I.R.

The United States of America, France, Netherlands
and the United Kingdom have each provided two
chairmen, and Czechoslavakia, India, Italy, Sweden
and Switzerland one each.

At the closing session it was agreed to accept the
invitation of the Czechoslovakian Administration to
hold the sixth C.C.ILR. at Prague in the late Spring
of 1951.

In conclusion it should be recorded that the
Swedish Administration assured the success of the
fifth C.C.ILR. by the excellent organisation prepara-
tory to, and during, the meeting. This organisation
included both the technical and social side, and the
Administration proved a perfect host, taking care
that delegates found some time to enjoy the renowned
Swedish hospitality in the very beautiful capital
city. C.E.B.
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available where required for B.B.C. programme
transmission and control circuits, telephone and
telegraph private wires and continental, overseas
and telex circuits.

In the light of the known circuit requirements and
from an examination of the available plant on the
cable routes concerned, it was seen that additional
local line plant would be required in the Wembley
and Central London areas, and additional junction
cable pairs between Wembley 'and Central London.

Local Line Plant.

To cater for the B.B.C.’s circuits terminating in
Broadcasting House, cable pairs already provided
for the Langham exchange transfer scheme were
extended into Broadcasting House, making available
200 outlets to Museum which, together with existing
spare pairs to other exchanges and the normal
service on Welbeck exchange, were considered
sufficient.

At Wembley, approximately 3-4 miles of duct
(varying in size from single-way to nine-way) was
laid on the cable route from Corinthian exchange to
a building known as the Civic Hall and for distribution
to other buildings in the Stadium grounds. Two
main cables were provided from the exchange to the
Civic Hall, one 1100 pair/10 and one 540 pair/20.
These cables together with the local cables to other-
buildings were terminated on a distribution frame to
provide a flexibility point for the distribution of

circuits as required. Arrangements will later be made
to utilise a large proportion of this plant for sub-
scribers’ services.

Small construction works were also necessary in
other localities, including the rearrangement of
junction cable pairs and the provision of three 14-pair
buried cables in Windsor Great Park, the latter for
use in connection with the Cycle Road Race.

Trunk and Junction Line Plant.

Preliminary planning of a new junction cable
between Museum exchange and Wembley automatic
exchange had commenced in 1946, the cable being
required for Wembley transfer and for the relief of
existing junction plant. As the B.B.C.’s requirements
included the provision of circuits from Wembley to
Museum and Faraday Building for television broad-
casts, it was decided to provide both audio pairs and
coaxial tubes in one cable and the audio pairs were
distributed so that on completion of the Games they
would be available at exchanges on the route to meet
junction circuit growth.

A 2/-370 D.T.I. + 16/20 P.C.Q. -+ 468/20 P.C.Q.T.
cable, 308 pairs of which were loaded, was supplied
and installed by Standard Telephones and Cables,
Ltd., between Museum and Corinthian exchanges and
a 2/-870 4 16/20 P.C.Q. cable from Corinthian ex-
change to the Royal Tunnel, Wembley Stadium. One
of the tubes was extended from the Stadium to the
Empire Pool. Spur cables were provided into Cun-
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ningham, Ladbrooke and Elgar exchanges so that the
coaxial tubes (plus a number of audio pairs) could
be taken in and out of these intermediate exchanges
for the insertion of mobile repeater equipment.
A network of coaxial and balanced pair cables was
provided between the Stadium, Pool and the B.B.C.’s
control room in the Palace of Arts for television con-
trol. To afford protection against the weather the
coaxial tubes were terminated in the Royal Tunnel
and at the Empire Pool in specially designed
terminating boxes. For the vision broadcasts the cir-
cuits were repeatered at Museum, Ladbroke and
Corinthjan exchanges, this repeater equipment, the
amplifying and modulating equipment at the Palace
of Arts and the modulator at Museum exchange being
provided by the Post Office.

The demands for circuits to be routed via the trunk
network and from various locations to Press and
cable companies’ offices in the City required more than
the existing number of spare high-grade conductors
between Museum exchange and Faraday Building ;
308 20-1b. loaded pairs were therefore included in the
Faraday-Museum section of the new London-
Birmingham coaxial cable and arrangements were
made for the contractor to complete this particular
section of the cable in time for routing Olympic Games
circuits.

Circuit Provision.

Included in the work carried out to enable the
B.B.C.’s extensive programme circuit arrangements
to be set up—Figs. 2 and 3 show the programme

networks ; similar networks for control circuits were
provided also—was an extension of the programme
circuit provision frame in Trunk Test, North Block,
Faraday Building. This frame provides a terminating
and flexibility point for all programme transmission
circuits set up on the trunk network. In addition a
special jack field was provided in Continental Test
designed for a maximum of 20 simultaneous broad-
casts to the Continent. A number of screened-pair
tie cables between the various Blocks was also
provided. 4

A measure of the work involved in the provision of
the B.B.C.’s circuits required for programme trans-
mission and control may be gauged from the following
table which indicates the number of circuits provided
in the three Regions concerned.

LT.R. HCR. SW.R.
Programme circuits 171 40 5
Control circuits 145 34 3

All the above were provided as temporary private
wire circuits with the exception of those in the South-
Western Region, which were dealt with on an “outside
broadcast ”’ basis. The programme circuits were set up
to transmit over the frequency range of 50-8,500 c/s
with freedom from noise. To cover breakdown
contingencies alternative routings were effected and
a limited number of “reserves’” were available
between the switching points.

As will be realised, there was a considerable amount
of work in the field, including the provision of tem-
porary cables, music amplifiers and switching panels,
all of which was completed and handed over for test
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and operational trials by the B.B.C. two weeks before
the opening of the Olympiad.

The main control of all programme transmissions
was centred on the B.B.C. control room at Broad-
casting House which may rightly be described as the
“hub "’ of the Olympiad broadcast network. A second
and equally important control room was established
in the Palace of Arts at Wembley for the initial control
of transmissions from all arenas at Wembley. At this
latter point, in addition to officers from the Inland
Telecommunications and Engineering Departments
dealing with the administrative aspect, an officer of
the Engineering Department co-operated with B.B.C.
personnel in the allocation of circuits for Overseas
broadcasts which went out in many different languages.
It is of interest to note that to near continental coun-
tries 511 speech broadcasts and 709 picture trans-
missions were handled via Continental Test; 355
additional speech broadcasts to more distant coun-
tries were routed via the radio telephony terminals
and the Post Office radio stations at Rugby and
Criggion, the majority of which were to the Western
Hemisphere. Listeners in Britain already know of the
many broadcasts in the Home and Light Programmes.

ARRANGEMENTS AT WEMBLEY

Although a number of field, water and indoor events
were held at subsidiary venues, the communications
for which involved the Post Office in a considerable
amount of work, the main interest was centred in
the arenas at Wembley. A brief description of some
of the facilities provided follows.

Arena Manager’s Telephone Networks.

The main function of the Arena Manager was the
control of all events at the Stadium and his position
was virtually the key point of the Games. The com-
munications for this important post consisted, mainly,
of two telephone networks :

(a) Administrative Network. A 10-line multiphone
switchboard wasinstalledin the Arena Manager’s
office at the side of the track, with extensions
to key points in the Stadium for the general
co-ordination of activities in the Stadium during
the Games. Over this network instructions were
given during the opening ceremony, competitors
were located and special announcements given
for transfer to the public address system. The

ANNOUNCERS' ROYAL BAND MAIN
BOX TUNNEL STAND

DRESSING
ROOM TUNNEL

¢ )
KEY (NOTE 2)@; OPERATORS' SOCKETS (NOTE 1)

Note 1 : Two operators, each with double headgear receivers and transmitter.
Note 2 : Key to provide complete control by one or both operators.

Note 3 . Magneto calling to and from switchboard.

Fi1G. 4.—ADMINISTRATIVE TELEPHONE NETWORK.
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transmission of these messages to the various
points was carried out by the switchboard
operators on direct verbal instructions from the
Arena Manager. A plan of the network with
details of the equipment is shown in Fig. 4
(b) Field Events Scoreboard Network. It was
necessary to provide for the audience in the
Stadium, announcements of progress and results
but as track and field events were often being
contested simultaneously, a public address
system for both might have caused confusion.
It was decided, therefore, to use a public address
system for the track events and a telephone
network for passing all information concerning
field events to an operator for visual display
on the main and subsidiary scoreboards. For
this purpose a second 10-line multiphone
switchboard was installed in the Arena
Manager’s office with extension telephones at
various points in the arena (see Fig. 5). These
telephones were American army type field tele-
phones fitted with breastplate trans-
SPARE mitters, headgear receivers and nippon
waterproof plugs and sockets. Some
difficulty was experienced at first in
working these circuits in the rain, but
liberal use of adhesive tape over the
;  cords overcame the trouble.
; Recorders stationed at points marked
i Aand B reported times, distances, etc.,
i to the switchboard operators who passed
 the information forward for visual dis-
3 play on the scoreboards at points R1-4,
and telephones at points C1 and C2 were
used for intercommunication between
camera locations on the field and the
photo-finish point.
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these lines, arrangements have been made
to reterminate them for the time being on
the auto-manual board. Calls received on
these lines are extended to the fire control
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FiGc. 3 —OUTLINE OF CIRCUIT ARRANGEMENTS.

press-button operates relay FC which connects the
positive battery to the A wire operating FB relay at
the fire station. Relays AB and FFL are then
operated bringing in the fire station bells and the fire
flash signal on the Gamewell panel. In view of the
importance of this feature, it was necessary to guard
against false operation of FB relay by providing
LAMBETH H/Q SWBD TERMINATION

manual board remote, the fire telephone
intercepts the 3rd choice 999" circuit
from that exchange to the manual board.

Transfer Arrangements.

The Area staff had to work at high pressure to
enable the switchboard to be ready for service on
1st April, the date set by the Home Office {for handing
over the fire service to County Authorities. The trans-
fer from the old to the new system was carried
out on an L.F.B. area basis, the area covered by the
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relay B to prevent false operation due to ringing
current on the line, and in addition relay AB (slow-
to-operate) is provided to guard against operation
of the fire flash relay FFL due to line surges. These
precautionary measures have been found to be very
effectivein preventing falseringson thefire station bells.

It is necessary to have both-way communication
on this line, and when the speaking key is thrown on
the Gamewell panel, automatic signalling is provided
to call the fire control. To provide the standard super-
visory conditions, an earth is applied to the A wire
by S2 contact and a rectifier is connected in series with
the earth to offer a high resistance path to the positive
battery fire bell ““call”” signal should this be applied
whilst the speaking key at the fire station is thrown.

The “ 2222 exchanges lines to the Divisional fire
stations have been recovered, but in view of the
possibility of fire calls still being received on

Manchester Square Divisional Station being satisfac-
torily transferred on 1st April, with 25 lines to
exchanges, 15 lines to fire stations and tie lines to
police, ambulance and other fire services. Within a
few weeks the whole of the L.C.C. Area was
centralised on the fire centrol switchboard.

Conclusion.

The Fire Brigade report that so far the Control has
met every demand that was envisaged when design
details were decided.

The ready for service date for this installation could
not have been met without the full co-operation of
the Area staffs; also very valuable assistance was
given by the London Fire Brigade, both at the
Lambeth Headquarters in modifying the switchboards
to make them suitable for this purpose, and at the fire
stations to provide for the termination of the private
wire from the fire control switchboard.
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A Highly-Selective Transmission

Measuring Equipment for 12- and
24-Channel Carrier Systems

U.D.C. 621.317.34 : 621.395.44

D. G. TUCKER, bpsc., Ph.D.,
and J. GARLICK, -B.sc.

A new method of making transmission measurements, using a test tone modulated by a very low frequency (e.g. 33 c/s)

and direct demodulation of the test signal in the receiver with filtration following the demodulation enables the transmission

efficiency of carrier systems to be measured without removing traffic. Experimental equipment employing this method is
described.

Introduction.

T has been thought in recent years that an effort

should be made to measure the transmission

efficiency of a carrier system without removing it,
or even a channel, from service. The use of high-level
tones which can be detected above traffic signals on a
voltmeter connected across the line has given a
temporary means of doing this, but the method
cannot be regarded as suitable for permanent adop-
tion because of its low accuracy and the severe loading
of common amplifiers which the high-level tone pro-
duces. Consequently, an investigation has been made
of the possibility of making the measurements by the
selective reception of normal-level test tones trans-
mitted in the small frequency gaps between speech
channels.

The specification for the performance of equipment
to make such selective measurements includes a
requirement for an accuracy of 4 0-25 db. at the
sending and receiving ends. When it is realised that
this figure must include the effect of interference from
the traffic circuits, and from channel carrier leak
which comes in the narrow frequency bands available
for measurement, and moreover that the whole
equipment must be preset, without fine tuning, it
can be seen that this accuracy of 4025 db. is a very
severe requirement. As a basis of design it was
decided to aim at a maximum error of 0-1 db. in any
one of the factors which are liable to produce error,
it being assumed that the probability of the overall
error at one end exceeding 0-25 db. is then small.

To achieve the required performance, some new
principles have been introduced, the two main ones
being (1) the use of a modulated test signal to over-
come the effect of channel carrier leak, and (2) direct
demodulation of the test tone by means of a local
oscillator synchronised to it. It is hoped that
measuring equipment working on this basis will
eventually be designed for use on coaxial systems up
to a frequency of about 4 Mc/s, but the equipment to
be described in this article is designed for use on 12-
and 24-channel systems, with a choice of two test
frequencies, 36 and 84 kc/s. The effective bandwidth
of the receiver is about 20 cfs, and the accuracy is
thought to be better than 3-0-25 db. on a short-term
basis. The long-term accuracy should also be as good
as this, even without regular checks of calibration,
but only experience of the operation of the equipment
in service can give confirmation,

The equipment to be described is a laboratory
production only, and if it is produced in quantity for
use in repeater stations, it may have a rather different
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appearance and ‘mechanical design. An outline
description is published now because of the interest
of the new methods adopted.

The General Principle of Measurement,

The general principle of the system has already been
described elsewherel ; it is to use a test tone of fre-
quency equal to- one of the channel carriers—this
choice being made for convenience since the carrier
frequencies are already available in terminal repeater
stations, and in spite of the fact that an unsymmetrical
layout of the frequency gap between channels results
—and to modulate this to a depth of about 30 per cent.
by a low frequency, ultimately fixed at 33 ¢/s. Since
the receiving equipment is arranged to measure only
the sidebands of this modulation, no direct inter-
ference from channel carrier leak can result.

The receiver consists of a modulator of switching
type operated by a local oscillator, synchronised to
the test tone. The input of the modulator is con-
nected (via an amplifier) across the carrier system at
the point where the level is to be measured. The test-
tone carrier is thus demodulated to a frequency of
zero, i.e. to D.C., but the sidebands accompanying
the test tone are demodulated to 33 c¢fs. The modu-
lator is followed by a band-pass filter passing the
10 c/s band from 28 c/s to 38 c/s. It is evident that
only the sidebands of the test tone produce signals
on demodulation which can pass this filter ; all pro-
ducts from the speech circuits are rejected (except for
an effect noted below). Thus, the effective bandwidth
of the receiver is 20 c/s, made up of a 10 ¢/s band on
each side of the test tone frequency. The 33 c/s
output from the filter is measured by a suitable valve
voltmeter, and the reading gives the transmission
measurement of the carrier system.

This system of reception is based on exactly the
same principle as the Synchrodyne radio receiver?
which is by now fairly well known.

In the original publication! of the proposed method
of measurement it was pointed out that since the
phase angle between the test tone and the local
oscillator could vary between —90° and + 90° over
the synchronising range of the oscillator, and any
change in this phase angle causes a variation in the
level of the 33 c/s output, it was necessary to com-
pensate for the phase angle by an automatic circuit
of some sort, and a suitable method was described.
It has since been found much better not to com-
pensate for the phase angle, but instead to control it
to an almost constant value of zero by an automatic
control circuit of the servo type; the principle has



been published? in connection with the Synchrodyne
radio receiver.

The choice of 33 c¢/s for the test-tone modulation
was dictated by interference from speech signals on
the adjacent traffic channels. Speech signals contain
envelope frequencies® from zero up to 20-30 c/s which
can be demodulated by the measuring receiver in the
same way as the test tone modulation, if the speech
itself is close enough in frequency to the test tone to
get into the output of the synchronised oscillator.
Thus the modulation should be of frequency above,
say, 30 c/s. But speech also contains fundamental
frequencies down to perhaps 80 c/s, and there is
generally some 50 c/s interference from the mains ;
33 ¢/s seemed a good compromise, and has been found
satisfactory in practice. The originally proposed
20 ¢/s modulation was found unsatisfactory.

Sending-End Equipment.

The sending-end equipment comprises a special
modulator for producing the envelope-modulated
test signal, a 33 ¢/s oscillator, and equipment to enable
the various other frequencies required to be obtained
from the carrier generating equipment of Carrier
Systems Nos. 5, 6 or 7. The test tone frequencies
required are 36 and 84 kc/s (i.e. one tone in the middle
of each of the two working group frequency bands)
and the special modulator generates the test signal
always at 84 kc/s, the 36 kc/s signal being obtained
from this by modulation in the usual way with either
48 or 120 kcfs. Fig. 1 (a) shows a block schematic
diagram of the equipment.

should be reasonably constant—the level of
the carrier is not, of course, important in the
same sense as that of the sidebands.

(2) The modulation should be sinusoidal (i.e. the
modulator should be linear) up to, say, 35 per
cent. depth.

(3) The modulation should be a fairly pure ampli-
tude-modulation, i.e., the phase angle of the
carrier should be correct to within about 5°
(this limit will be explained in the next section).

The method adopted is as follows:—The basic
principle is to generate a suppressed-carrier modu-
lated signal by applying the 33 c/s to the input
terminals of a balanced rectifier modulator, switched
by the 84 kc/s carrier. The output of this modulator,
after it has been adjusted for minimum carrier
leak, should contain only the two sidebands of
the carrier frequency and of each odd harmonic of it.
The carrier frequency is then injected into the
output to give the required depth of modulation,
and the sidebands of the carrier harmonics are filtered
out. It is obvious that this arrangement meets
requirement (1), since the carrier or the sidebands can
be removed without affecting the level of the signal
which remains. It also meets requirement (2), since
the input level can be reduced until the modulation is
linear, and then the carrier reduced to maintain the
required depth of modulation.

The main practical difficulty has been in meeting
requirement (3). It is very difficult to measure the
phase of a carrier relative to its sidebands, and
certainly an inspection of the modulated waveform

helps very little. When transformers are
84 keis used in the modulator circuit, the phase
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F16. 1.—Brocx SCHEMATIC DIAGRAM OF SET :
(@) SENDING END EQUIPMENT.

The only part of the sending-end equipment which
involves any circuits which are not standard types is
the special modulator. This has requirements which
are not all met by a normal multi-electrode valve
modulator, which is probably the standard type for
envelope modulation ; they are:

(1) The sideband level (which forms the basis of

the transmission measurement) must be measur-
able to 0-1 db. and the' depth of modulation

(b) RecEIVING END EQUIPMENT.

TESTTONE  relationships are not accurately predict-
able, and a variable phase-shifter has to
be fitted, and a method devised of deter-
mining when the phase of the carrier is
correct. One such method consists of
increasing the level of the 33 c/s applied
to the modulator by an amount sufficient
to bring the depth of modulation to very
nearly 100 per cent.; the troughs of the
modulated envelope then leave a very
small amplitude of the wave, and this is
a minimum when the phase of the carrier
is correct. The accuracy of adjustment of
phase then depends on the closeness to
100 per cent. of the depth of modulation,
since small changes in amplitude are most
easily detectable when the amplitude is
itself small. ~

Recently some balanced rectifier modu-
lator circuits have been developed which
use no transformers, and these enable the
envelope-modulating unit to be made with
only resistance-capacitance couplings. Such coup-
lings can readily be made to have effectively zero
phase-angle, and the need for adjustment is eliminated.
The method described above is then used merely as
an initial acceptance test.

36 kcis
TEST TONE

Recerving-End Equipment.
As Fig. 1 () shows, the main signal path at the
receiving end consists of a demodulator which extracts
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Notes and Comments

Recent Awards

The Board of Editors has learnt with great pleasure of the honour recently conferred upon the following

member of the Engineering Department :—

Liverpool Telephone Area
Birthday Honours

Vaughan, G. W. Technician

Private, R.AM.C.  British Empire Medal

The Board of Editors offers sincere congratulations to the following members of the engineering staff honoured

by H.M. the King in the Birthday Honours List.

Blackburn Telephone Area Shaw, H. Area Engineer Member of the Order of
the British Empire

Engineering Department Legg, Capt. J.  Assistant Engineer-in-Chief Companion of the Im-
perial Service Order

Gloucester Telephone Area Alder, S. ¥. .. Skilled Workman, Class I British Empire Medal
H.M.T.S. Monarch Brennan, E. T. Cable Foreman British Empire Medal
London Telecomms. Region Clover, H. E. T. Skilled Workman, Class I British Empire Medal

London Telecomms. Region Seller, W. G., Inspector British Empire Medal
M.M.
Sheffield Telephone Area Proctor, G. A.  Technician British Empire Medal

Commendation by H.M. The King
The Board of Editors has learnt with pleasure that
Mr. G. Cristie, S.W. II B, of Taunton, has been com-
mended by H.M. the King for brave conduct during
the severe storms early in 1947. :

Post Office Telecommunications Journal
We understand that the first number of this new
official quarterly (32 pages and cover) will appear
early in November, and we wish for it all success.
The Post Office Telecommunications Journal will deal
in the main with non-engineering topics which have a
bearing on the administration and operation of
telecommmunications, but it will no doubt have an

interest to many readers on the engineering side.

The new journal is to be published in November,
February, May and August at 1s. per issue and copies
may be ordered through the local sales organiser.

G. F. O’dell, C.B.E., B.Sc., M.L.E.E.

Most readers will be aware that Mr. O’dell, formerly
an Assistant Engineer-in-Chief and now Director
of Contracts, spent many years in the Engineering
Department before transfer to the Contracts Depart-
ment.

It is with pleasure, therefore, that we note his
appointment as a Commander of the Order of the
British Empire announced in the Birthday Honours
List.

Book Review

“ Electronics.” F. G. Spreadbury, A.M.Inst.B.E.
London. Sir Isaac Pitman & Sons, Ltd. 698 pp.
398 ill. 55s.

Electronics, as the author indicates in his preface, now
covers a very wide field, and it is difficult for one man to
do justice toall the principal applications. Mr.Spreadbury
has concentrated on what may be termed pure elec-
tronics in the first ten chapters, or nearly half the book.
This forms an excellent textbook for the student of
electron physics or the telecommunication engineer who
desires to know more about the fundamentals of elec-
tronic theory.

The approach to the subject is, in general, mathe-
matical, and the first chapter covers electrons and the
fine structure of matter, the kinetic, quantum and atomic
theories and the atomic structure. Following chapters
deal with the electron and gaseous electrical conduction,
electrons in metals, insulators and semi-conductors,
X-rays, electron optics, luminescence and high vacuum
diodes, triodes and multi-electrode valves.

The second half of the book deals with the application
of electronic devices ; it is not up to the standard of the
first part. Telecommunication applications are described
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in two chapters of only 60 pages and are treated entirely
mathematically. No practical design of an amplifier or
oscillator is described and no mention is made of the
limitation in amplification imposed by the random
fluctuations of the inter-electrode electron stream.
The H.F. requirements of a valve, either as an amplifier
or an oscillator, are neglected. The telecommunication
engineer will find these chapters of little use as a guide
to the design and development of his equipment ; and the
bibliography is very meagre.

1t is apparent that the author is more familiar with
lighting and power applications of electronic devices than
with high frequency and telecommunication applications.
The chapters on electronic rectifiers, grid-controlled
rectifiers, inverters and frequency changers cover these
power applications in considerable detail. Electronic
measuring instruments are also described with power
applications in mind.

If the first part of this book were published separately
and at a reduced price, it could be recommended to the
telecommunication engineer; if he buys the present
book it will be largely for the first part and the pnce paid
will be somewhat high. L.E. R.






installation presented no unusual difficulty. The
Exhibition was opened by Monsieur Depreux,
Minister of Education, in the presence of a gathering
of distinguished scientists.

Training

CORRESPONDENCE COURSES IN TELECOMMUNICATIONS
ENGINEERING.

Three of the fourth year subjects in Telecommunica-
tions Engineering, namely, Mathematics for Tele-
commuamnications 1V, Telecommunications (Principles)
IV and Telephone Exchange Systems III, are being
prepared for inclusion in the correspondence courses
for the 1948/9 session. Owing to staff and production
difficulties it has not been found possible to include
the outstanding subjects of the fourth year, and those
of the fifth year, in the above session. These are,
however, expected to be available within the next
two or three years.

Every effort is being made to ensure that no delay
will occur in the issue of lesson papers, but no definite
guarantee can be given at this stage in respect of the
subjects mentioned above. An improvement in both
rate of issue and freedom from typographical and
other errors is expected during 1948 in all corre-
spondence course lessons.

Research and Radio Development
“OPEN DAY ” AT THE RESEARCH STATION.

For the first time for many years an Open Day was
held at the Research Station at Dollis Hill on 1st July,
1948, between the hours 2 and 7 p.m. More than 400
visitors from universities, Government research
establishments, industry, the Post Office and other
bodies with telecommunications interests attended.
Each visitor was presented with a little booklet which
served as a guide and contained a brief description of
the Station and of each of the staged exhibits.

Exhibits and demonstrations were arranged in the
various laboratories and workshops of the Research
and Radio Development Branches to illustrate the
range of problems investigated and some of the special
experimental techniques employed. Demonstrators
were at hand to discuss any item in as much detail as
visitors wished.

On the following day the event was repeated for the
benefit of the staff and their friends and of colleagues
in other branches. The rare opportunity was thus
given to each member of the staff to see something
of the work of all the others. Demonstrators were, of
.course, not wholly free to leave their exhibits, but
they were available in sufficient numbers to give as
much personal attention as possible to visitors on the
first day, and to relieve each other for touring the
Station on the second day.

There is not space here to give any account of the
items exhibited and demonstrated. Mention of some
has been made in the technical press and the occasion
has been marked by the appearance of an article about
the Research Station and its work in Nature (Vol. 162,
p. 51, 10th July, 1948).
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Telephones

EXCHANGE MAINTENANCE—PIECE-PART
REPLACEMENTS.

During the past year or so an extensive programme
of overhaul of exchanges has been undertaken in an
attempt to overtake the arrears of maintenance which,
due to labour and stores shortages, were allowed to
accumulate during the war years. This has resulted in
demands for hundreds of thousands of relay and
mechanically operated spring-sets and other piece-
parts, which has necessitated expansion in manpower
and/or accommodation in the London and Birming-
ham depots.

The reconditioning and repair of non-standard
piece-parts by the Factories Department has effected
considerable economy as well as relieving the manu-
facturers of the necessity of making new parts. The
magnitude of this undertaking may be gauged from
the fact that 40,000 relay spring-sets are being re-
contacted and several hundred relay coils rewound
per month.

It is estimated that the reconditioning and repair
work undertaken during the year ending 31st March,
1948, resulted in a saving to the Post Office of
approximately £10,000.

“ENG” SERVICE.

An economic study has been made regarding the
application of a “ Filtered ENG  scheme to main-
tenance controls. The scheme provides for complaints
being first dealt with by a monitor who decides
whether or not engineering attention is required, thus
ensuring that engineering staff handle genuine com-
plaints only and obviating the need for subscribers to
distinguish between various types of faults. Arrange-
ments are in hand for a field trial of the scheme at one
or two suitable maintenance controls.

AvuTtoMAaTIC EXCHANGES FOR SMALL RURAL
COMMUNITIES.

With a view to providing economically for telephone
service in small rural communities consideration is
being given to the possibility of employing a 10-20 line
automatic exchange with reduced subscribers’ facili-
ties permitting the use of simple equipment requiring
a minimum of maintenance attention.

Manufacturers’ existing designs are being studied in
respect of their suitability together with preliminary
consideration of possible new designs.

UniT INSTALLATION OF NON-DIRECTOR EXCHANGES.

With a view to simplification of equipment, con-
sideration is being given to the possibility of unit
installation of non-director exchanges with a multiple
range of 400-2000 and suitable for replacing the
larger types of U.A.X.

Main Lines

CoNVERSION OF 12-Circuir CARRIER ROUTES TO
24-CIRCUIT WORKING

Most of the 12-circuit carrier routes are scheduled
for conversion to 24-circuit working and im April,



1947, this work was commenced on the London-Derby
Nos. 2 and 3 and the Derby-Manchester Nos. 4 and 5
cables. The conversion of the line amplifier equipment
was completed on the latter route in August, 1948,
and the London-Derby route finished in September.
The provision of the necessary group combining and
separating filters, amplifying and channel equipments
at London, Derby and Manchester is in hand, and it
is anticipated the circuit capacity of these two routes
will be doubled by the end of this year, followed
closely by Derby-Birmingham, London-Oxford,
London-Southampton and Bristol-Salisbury.

As is well known, 12-circuit working employs line
frequencies from 12 kc/s to 60 kc/s and the maximum
spacing between adjacent repeater stations is 22
miles. For 24-circuit working the frequency range will
be extended to 108 kc/s and due to the higher attenua-
tion of the cable pairs at this frequency the repeater
station spacing must be reduced, the maximum being
15-5 miles. The conversion of the lines, therefore,
consists of the provision of new repeater stations (and
on some routes the removal from circuit of certain
existing stations) in order to provide amplifying
equipment within the new limit of 15-5 miles. In
addition, as most of the routes to be converted were
equipped initially with carrier system No. 5 or No. 6
type amplifiers—capable of amplifying only the 12-60
kc/s band—these have to be replaced with the more
modern No. 7 type amplifier which is satisfactory up
to 108 kc/s. Most of the converted routes will, there-
fore, have new amplifying equipment at all stations.

The cut-in of a new station on a working route has
presented some interesting problems. The carrier
cables are intercepted and extended into the new
building and terminated on standard cable terminating
bays equipped with D.E.X.T. balancing frames.
Continuity between the two ends of each cable is
maintained by a short length of cable connected pair-
to-pair at the rear of the test tablets. The D.E.X.T.
condensers are all set to zero. The amplifying equip-
ment is now installed and cabled to the cable termin-
ating bays, the equipment U-links having first been
removed. The actual insertion of the equipment
requires merely the removal of the pair-to-pair
connection at the rear of the test tablets and the in-
sertion of the U-links. In the early planning stages it
was envisaged that excessive group-to-group cross-
talk would exist during the cut-in period of the
amplifiers, due to the level difference between ampli-
fied and unamplified pairs and the ““skip’ path
provided by the latter, and that in consequence the
whole route would have to be released from traffic as
each station was dealt with. In practice this forecast
has proved to be unfounded, no serious cross-talk
having been observed during the cutting in of any
station to date. 'Wherever possible, the new equip-
ment at the station adjacent to the new one is brought
into use at the same time as the new station itself.
The correct equaliser and amplifier settings for both
stations are determined in advance by measurements
on a spare cable pair, the characteristics of all 24 pairs
being so consistent that it is found possible to apply
the settings thus obtained to each of the 24 equipments
at any one station. After both cables have been

measured and the equipments adjusted accordingly,
the cut-in is performed, pair-by-pair, one cable at a
time. By means of patching cords on the cable test
bays at the stations on either side of the new one, the
spare pair is used to make good each working group
in turn whilst the pair proper to the group is being
dealt with. By this means it is found possible to
cut in all 48 equipments, i.e. both cables, at a new
station and change to new equipments at the adjacent
stations in less than two hours, this time including
a single-frequency check-test on each pair prior to its
return to traffic.- A break of very short duration is, of
course, made in each working group during the
patching operations. The work is planned to be
carried out during periods of light traffic and no serious
inconvenience is caused on speech channels, but to
avoid possible complaints from V.F. telegraph users
any such systems in the cable are switched to their
reserve prior to a new station cut-in. Synchronisation
of the patching operation at the two stations con-
cerned is obviously important and this is accom-
plished by both stations, together with the new one,
being provided with a loudspeaker telephone con-
nected at all three stations to a double-phantom
circuit, the operation being controlled from the new
station.

The introduction of a new repeater station destroys
the cross-talk balance of the cables and each new
repeater-section will need rebalancing. This operation
will be made with test frequencies outside the normal
carrier range and will not necessitate the removal of
the groups from traffic.

The new repeater station buildings are of very
pleasing design. They will accommodate equipment
sufficient for two 24-circuit systems and one co-axial
cable and will be provided with unattended type
automatic power plant. To avoid delays to route
conversions, due to buildings not being ready in time,
two mobile stations similar to those constructed
during the war are in hand and will be completed
shortly.

Tt has been stated that most of the routes, when
converted, will have new equipment at all stations.
In every case the new ‘‘ vibration testing "’ technique
has been applied as part of the acceptance tests.
It is confidently expected, therefore, that 24-circuit
conversion will not only provide 576 circuits on a
compléte system but also a very reliable service on
the circuits themselves.

A New DEsIGN oOF CoaxialL CABLE

In furtherance of the programme for providing a
nation-wide coaxial cable network, a new cable is
now being planned for a Birmingham-Manchester
link via Stoke-on-Trent.

This cable will differ from the standard coaxial
cables now being laid on many routes in containing
six 0-370 in. coaxial tubes instead of the normal two
or four. Four of the tubes will be used initially to
provide long-distance telephone circuits, and the two
additional tubes are being included to cater for
future development.
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South Western Region
SHAFTESBURY AUTOMATIC EXCHANGE

History attributes great antiquity to the ancient
market town of Shaftesbury. Situated on a high hill in
the northern extremity of Dorset, it commands extensive
views over the fertile farmlands of Dorset, Somerset and
Wilts. King Alfred rebuilt the City after it was destroyed
by the Danes, the buildings being generally of stone dug
out of the hill. The most recent addition to the town is
an imposing stone-faced building, of architecture in
keeping with the best traditions, housing the new
automatic telephone exchange.

The exchange, which replaces the old C.B.S. No. 2
exchange, is equipped with 600 multiple and 460 calling
equipments and acts as parent for East Stour, Fontmell
Magna, Donhead and East Knoyle U.A.X.s, the last
two being recently converted to U.A.X.13 type as part
of the transfer scheme. The U.A.X.s have access to the
Shaftesbury subscribers and inter-dialling facilities via
the Shaftesbury equipment, as well as access to certain
of the adjacemt manual exchanges. The 2,000-type
non-director equipment and 11-position manual board
were installed by Ericsson Telephones Ltd.

A regrouping of the surrounding exchanges was made -

and Shaftesbury converted to a group centre for traffic
routing. Existing junction routes were augmented and
some new routes set up.

The 104-pr. Shaftesbury-Salisbury and the 122-pr.
Shaftesbury-Yeovil cables now terminate in the new
exchange, and the Salisbury-Yeovil cable has been
intercepted and 152 pairs led into Shaftesbury. At East
Stour repeater station the Shaftesbury-Yeovil cable was
cut in and 100 pairs terminated. Additional amplifiers
have been installed at East Stour in order that a maxi-
mum of 48 4-wire circuits could be provided. To allow
the new Sturminster Newton-Shaftesbury route to be
set up with amplifiers at East Stour a 74-pr. spur of the
Salisbury-Yeovil cable was terminated at Sturminster
Newton.

On 25th June, 1948, the auto-manual board was
opened with the U.A.X.s and a proportion of the manual
junction traffic transferred to it. Tie circuits were
provided between the old and new exchanges.

On the 9th July, the Shaftesbury subscribers and the
remainder of the junctions were transferred to the new
exchange ; the transfer was smooth and no difficulty was
experienced. The official opening ceremony, held on the
13th July, was attended by the Mayor of Shaftesburyand
members of the Council, the Head Postmaster, the
Telephone Manager, and a representative gathering of
P.O. officials. After the company had been entertained
to lunch, the Mayor made a token call to the Mayor of
Dorchester, the conversation being broadcast to the
assembly.

Thus one of the oldest centres of our farming communi-
ties, on which the need for increased production is so
strongly stressed by present conditions, is now served by
modern communication equipment.

MAJOR TURN-ROUND SCHEME AT GLOUCESTER
EXCHANGE

Installation of equipment to effect a turn-round
at Gloucester under a contract extension has been com-
pleted satisfactorily. A new building on the same site as
the old was erected prior to the outbreak of the war;
access between the buildings was provided at certain
points on the stairway.

The equipment in the old building consisted of 3,200
multiple automatic equipment on line and final units
with double-sided selector racks, 38 auto-manual switch-
boards, relay sets, two M.D.F.s, two I.D.F.s, two test
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desks and power plant.

The extension (all of 2,000-type equipment) includes
equipment for replacement of all relay set racks, tandem
switching, main and intermediate distribution frames,
and an additional automatic multiple of 1,600, new
power plant and a testing suite. For economic reasons
it was considered desirable to retain the subscribers’
equipment in use for a few more years and temporarily
the subscribers’ multiple is spread over two types of
equipment. To give full flexibility of line plant, the old
final units have been recabled to the new M.D.F. It is
hoped to replace the remainder of the old equipment
under a subsequent extension.

The old 1st selectors have a digit absorbing feature
operative on level 2. Prior to the extension, the
numbering scheme was of 4 digits so that the feature
was effective on 25 per cent. of all calls. Conversion to
a b-digit scheme, to permit greater flexibility in the
numbering scheme without introducing a mixed 4- and
5-digit scheme, has increased the effective use of digit
absorbing to all local numbers. The increase from 4 to
5 digits was actually effected by prefixing digit 2, without
addition to the old type of equipment. Arrangements
were made to change the discriminating selectors at a
satellite exchange to convert to 5-digit working.

The auto-manual switchboard had already been
extended as a separate suite into the new building, but
was cabled from the suite of 38 positions in the old
building. The multiples were cut at a point where they
were bridged, between two cable-turning sections, and the
two portions terminated as separate suites on the I.D.F.
Associated lamp racks, relay sets and miscellaneous ser-
vices were diverted to the new exchange at the same time.

It would not be within the scope of these notes to
describe the difficulties associated with a scheme of this
magnitude or to detail the careful planning necessary to
overcome or avoid them but it is gratifying to record
completion of the work without interruption to the
service. The Telephone Manager’s staff which made all
arrangements necessary on the trunking of the old
equipment, including transfer of external plant, and the
contractors, Automatic Telephone & Electric Co., Ltd.,
are to be congratulated on the co-operation and plan-
ning which has given such a satisfactory result.

M. C. S.

Home Counties Region
AN UNUSUAL SUBSCRIBER

When it became necessary over 30 years ago to
provide a telephone in the lighthouse at Beachy Head,
a very different problem arose from that of an ordinary
subscriber on ferra firma. For one thing, the length of
the span to the lighthouse and the exposed position
were a little out of the ordinary, and the question of a
suitable metal for brackets to withstand the corrosive
action of the sea had to be considered.

The span is approximately a quarter of a mile long
and is of 300 Ib. copper. For the fixing at the lighthouse
a bronze spindle was made and cemented in the stone-
work immediately below the gallery. It has been in
use for 30 years or more and is still good for another 30.
At the shore end, a 38-ft. medium pole (with transverse
and back stays) was erected at the top of the cliff, 20 yards
from the edge at a point where a concrete parapet was
built to lower the materials to the foot of the cliff for
building the lighthouse. Aerial type insulators are used
and the fixings on the pole consist of two U-shaped
brackets connected by an arm bolt through the pole.

The circuit was originally a private wire to the signal
station about § mile distant, but recently it was converted
to a direct exchange line. The circuit between the light-






Staff Changes

Promotions
Name Region Date Name Region Date
Exec. Engr. to A.S.E. Asst. Engr. to Expt. Oﬂ
Brett, S. 1. E.-in-C.O. 1.6.48 Allen, T. R. .. . E.-in-C.O. 1.8.48
Gill, 0. W. .. E -in-C.O. 13.5.48 Burrells, W. . E.-in-C.O. 7.6.48
Hayes, H. C. S... E.-in-C.O. 12.6.48 Butterworth, J. E.An-C.O. 24.5.48
Knox, A. H. C. L. T. Reg. to H C. Reg 18.6.48 Campbell, D. A. E.-in-C.O. 24.5.48
Cawthra, W. A. E.-in-C.O. 14.6.48
Engy. o Exec. Eng% Cole, J. F. . E.-in-C.O. 24.5.48
Billen, J. C. E.-in-C.O. 12.6.48 Ephgrave, E. V. E.-in-C.O. 7.6.48
Bomford, K. D. E.-in-C.O. 12.6.48 Frost, E. J. .. E.-in-C.O. 24.5.48
Crow, D. A. E.-in-C.O. 29.5.48 Hayward, G. O. E.-in-C.O. 24.548
Ireland, J. C. E.-in-C.O. 1.6.48 Hewlett, F. M. .. E.-in-C.O. 7.6.48
Rattue, P. J. E.-in-C.O. 1.6.48 Kauffman, B. E.-in-C.O. 1.8.48
Saville, W. . E.-in-C.O. 13.5.48 Milne, F. A. E .-in-C.O. 24.5.48
‘Webber, F. W. ] S.W. Reg. toE —m C. O 16.8.48 Steed, C. A. E.-in-C.O. 1.1.46
Smith. C. N. L. T. Reg. 18.6.48 Thompson, J. E.-in-C.O. 7.6.48
. ~in-C.0O. 24.5.4
Asst. Engy. io Engr. Yemm, H EAn-CO 5.48
Harden, P. . L. T. Reg. 26.7.48 Tech. to Expt. Off.
Ingram, E. A. E.-in-C.O. . 26.7.48 Holins. G. T._.. Hn-C.O 924.5.4
Orde, J. R. N.E. Reg. to N.W. Reg 14.8.48 Iﬁﬁni?j;lc’c' L Eaneo e
Sharpe, H. N. Mid. R. . 26.7.48 A ’ e
Teale, J. C. C. N. E. Reg. 26.7.48 E. 0. fo Expt. Off.
Willson, J. €. E-in-C.0. 5648 | fovegrove, E. A. LP. Reg toE-in-CO. 1648
Insp. to dsst. Engr.
Stears, A. D. S... E.-in-C.O. 12.4.48 Fufth Engr. to Fourth Engr.
Technician to Assi. Engr. Talbot, F. C. H M.T.S. Monarch 13.5.48
Ash, B. .. Mid. Reg. to E.-in-C.O. 21.6.48
Banham, H. N.W. Reg. to E.-in-C.O. 4.7.48 , ,
Officer, J. E. N.W. Reg. to E.-in-C.O. 4.7.48 D’man Class I1 to D'man Cl. 1
Armstrong, W. ] E.-in-C.O. 27.6.48
Engr. to Sen. Expt. Off. Key, H. J. L. E.-in-C.O. 1.6.48
Chandler, W. W. E.-in-C.O. 24.5.48 Manners, H. F. E.-in-C.O. 1.6.48
Kendall, E. C. .. E.-in-C.O. 20.6.48
A.T.S. to Sen. Exp. Off. Race, C. N.W. Reg. 27.6.48
Griffiths, D. C. .. W. & B. C. Reg. to Jones, H. E. .. N.W. Reg. 27.6.48
E.-in-C.O. 14.6.48 Blaylock, A. C. N.W. Reg. 25.4.48
Transfers
Name Region Date Name Region Date
Pyob. Engr. Asst. Engr.—continued
Garlick, J. Ein-C.0. to Min. of Eades, R. A E-in-C.O. to Min. of
Transport .o . 26.7.48 Supply . .. 8.6.48
Asst. Engy. Elliott, R. L. E.-in-C.O. to Min. of
Cheek, P. E.-in-C.O. to Min. of Supply e 8.6.48
Supply .. . 25.7.48 Blanchard, A. J. E.-in-CO. to Min. of
Stone, K. A. W. & B.C. Reg. to Supply el 8.6.48
N.E. Reg. 1.6.48 Bryan, B. H. E.-in-C.0. to Min. of
McDaid, N. F. .. E.-in-C.O. to Scot. Reg. 1.6.48 . Supply e 8.6.48
Benson, T. A. E.-in-C.O. to Scot. Reg.  13.6.48 Enwright, J. A. E.-in-C.O. to Min. of
Wilson, J. Seconded to Malaya .. 6.7.48 ) Supply e 8.6.48
Partridge, J. E Mid. Reg. to E.-in-C.O. 5.7.48 Wright, A. E.-in-C.0. to Min. of
Allen, W. G. N.E. Reg. to Min. of Supply e 8.6.48
Supply . .. 8.6.48 Garnett, W. H. .. E.-in-C.O. to Min. of
Fish ,A. J. L.T. Reg. to Min of Civil Aviation .. 8.6.48
Supply . . 8.6.48 Rowlands, E. J. E.-in-C.O. to N.W. Reg. 8.8.48
Walker, B. A. E.in-C.O. to Min. of Harris, J. C. E.-in.-C.O. to N.W. Reg. 1.8.48
Supply .. 8.6.48
Preece, G. H. E.-in-C.O. to Min. of v
Supply .. 8.6.48 D’man Cl. I.
Roberts, T. N. D. E;f:églo to Min. of 8.6.48 Watson, W. A, .. HC. Reg.toL.T.Reg. . 23.5.48
Supper, J. B. EaAnC.0. to Min. of Guthrie, D. E. .. H.C. Reg. to L.T. Reg. 14.6.48
Supply . 8.6.48 Nicols, D. J. N.I. Reg. to H.C. Reg. 14.6.48
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Retirements

Name Region Date Name Region Date
Asst. Staff Engr. Asst. Engr.
Marr, H. R. .. E.-in-C.O. 31.5.48 Hewer, A. G. LT.Reg. .. .. 4.6.48
Mitchell, C. A. .. E.-in-C.O. 9.6.48 Huckl - .
Ritter, E. S. E.n-C.O. 31.8.48 uckle, M. N, E.-in-C.O. (Resigned) 2.7.48
Barrett, H. L.T. Reg. .. 21.7.48
Avea Engr. Wooster, C. B. H.C. Reg. (Resigned) 14.2.48
McNeill, A. H.C. Reg 31.5.48
Inspector
Engineey Penfold, C. A L.T. Reg 12.4.48
Dingham, A. H. S 'Rfégg' e Pollard, A. C. L.T. Reg. 17.7.48
Neal, N. W. E -in-C.O. (Re51gned) 31.7.48 Sketcher, J. H. N.W. Reg. 2.5.48
Williams, C. E. H.C. Reg. 30.6.48 Snelling, R. C. H.C. Reg. 30.6.48
Pierson, J. H. N.I. Reg. 20.7.48 Sanderson, W. N.W. Reg. 3.6.48
Deaths
Name Region Date ' Name Region Date
Asst. Engr. D’'man.
Clarkson, W. J... N.W. Reg 22.7.48 Manners, H. F. E.-in-C.O. 8.7.48
CLERICAL GRADES
Promotions
Name Region Date Name Region Date
C.0. to E.O. C.0. to E.O.—continued
Bugg, G. L. .. E.-in-C.O. . .. 1.7.48 Laidlar, F. E. .. E.an-C.O. 31.7.48
Dudbridge, Miss ]. S B.D. to E.-in-C.O. .. 24.5.48 Langfield, F. J. E.-in-C.O. . - 1.9.48
Nutter, A. F. E.-in-C.O. 11.6.48 McEvoy, E. M. S.B.D.to E. —m—C 0. .. 15.8.48
Transfers
Name Region Date Name Region Date
E.O. E.Q.—continued
Hoare, E. R. E.-in-C.O. to Min. of Ellingham, F. B. E.-in-C.0. to Min. of
Agri. & Fisheries ..  15.3.48 co Works 3.8.48
Waller, T. W. E-n-C.0. to Home Gebbeth, M. G. E.-in-C.0. to Board of
Office 8.6.48 Trade .. 5.7.48
Lambert, F. E.-in-C.O. to Min. of Woodford, G. G. R. E.-in-C.O. to Dept. of
Agri. & Fisheries .. 16.8.48 Sc. & Ind. Res. 5.7.48
Retirements
Name Region Date Name Region Date
E.0. E.QO.—continued
Crossley, L. J. E.-in-C.O. 30.6.48 Stoner, A. L. W. E.-in-C.O. 31.8.48
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The Institution of Post
Office Electrical Engineers

London Centre

PROGRAMME OF MEETINGS—SESSION 1948-49
ORDINARY MEETINGS

To be held at The Institution of Electrical Engineers,
Savoy Place, Victoria Embankment, W.C.2, commencing
at 5.0 p.m.

Monday, 8th November.—‘ The Possibilities of
Super-H.F. Radio and Wave Guide Systems for
Telecommunications,” W. J. Bray, M.Sc., A.C.G.1.,
D.I.C., AMIE.E.

Monday, 6th December.-—“ The Cables of the
Inland Long Distance Telecommunications Network
and their Maintenance,” H. C. S. Hayes, AM.ILE.E,,
and E. D. Latimer, AM.LE.E.

INFORMAL MEETINGS
To be held at the L.T.R. Headquarters Refreshment
Club, 8th Floor, Waterloo Bridge House, S.E.1, com-
mencing at 5.0 p.m.
Wednesday, 27th October.—* Investigation of Ex-
change Maintenance and Service Conditions.” S. New.
Wednesday, 24th November.—“ The Use of Gas
Pressure in Cables.” J. P. Harding, B.Sc., A.M.Inst.
C.E., AM.LE.E.
Wednesday, 19th January.—'‘ Current Telephone
Switching Practice in the U.S.A.” J. A. Lawrence,
A MIE.E.

A limited number of advance copies of papers to be
read at Ordinary meetings will be available a few days
before each meeting and application should be made to
the Local Secretary, W. H. Fox, Tp. Branch, Alder
House (Telephone : MON 1802).

The remainder of the 1948-49 Programme will be
published in the next issue.

Essay Competition, 1947/48 Results

Prizes of three guineas each and Institution Certificates
have been awarded to the following competitors :
K. E. Parish, Technician, Wembley. “ Some
Considerations of the Application of Television
to the Cinema.”
S. L. Taylor, Technician, Southport.
and Grading (Theory and Practice).”
M. N. Denny, Technician, Carnforth. * Tricks of
the U.A.X. Trade.”
K. Tiddy, SSW.II A, Truro. ‘‘Radio Communi-
cation—Radio Telephone Systems.”

Institution Certificates of Merit have been awarded to :

* Trunking

T. M. Turner, Technician, Glasgow. ‘‘ Industrial
Psychology.”

A. L. Deighton, Technician, Grimsby.  Radio
Interference.”

J. G. Knapp, Technician, Nottingham. ‘ The
Design of a Medium Fidelity T.R.F. Receiver.”
Tae Judges report that the general standard of the
essays was not sufficiently high to merit the award of the
full number of prizes ; the Council hopes that efforts will
be made by the Local Centre Committees and supervising
officers generally to foster greater interest in the next
competition, particulars of which were given in the
previous issue.
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MODEL ANSWERS

CITY AND GUILDS OF LONDON INSTITUTE EXAMINATIONS

TELECOMMUNICATIONS (PRINCIPLES) | and TELEPHONE EXCHANGE SYSTEMS |

A limited number of these books is still available and orders should be placed at an

early date to avoid disappointment.

TELEGRAPHY |

and RADIO |

These new publications are now in stock and immediate delivery can be made.

TELECOMMUNICATIONS (PRINCIPLES) I1 and TELEPHONE EXCHANGE SYSTEMS I

Orders are invited for the further publications in this series as mentioned above, which

are expected to be available by January, 1949.

Orders may be placed with the JOURNAL LOCAL AGENTS or with THE MANAGING
EDITOR, POST OFFICE ELECTRICAL ENGINEERS’ JOURNAL, ALDER HOUSE,

ALDERSGATE STREET, LONDON, E.C.I.

Books are price 2/6 each (2/9 post free).
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The
MAINTENANCE
ELECTRICIAN’S
Handbook

By D. J. Hartshorne. In this useful new book the author
lays down practical methods of working for the main-
tenance electrician, and shows how to solve problems
which are commonly encountered. Contains a wealth of

useful data and is well illustrated.
Recently published. 8/6 net

STEEL FILES

Their Manufacture and Application

By Eric N. Simons. No single book has ever contained so
much practical information on the history, manufacture,
maintenance and the future of steel files. It explains
how to select the right file for any particular work, and
how it should be handled. Profusely illustrated. I5/- net

Pitman Books

Parker Street, Kingsway, London, W.C.2

DENSO at tke service of the
ELECTRICAL ENGINEER

(14
I honestly find that Denso
is the greatest boon and
blessing to Mainsmen ever
invented . . . .

. . . As a matter of National importance
all Mains Engineers should be informed of
the usefulness of Denso, particularly for
waterproofing temporary openings during
fauit location, even on 11,000 volt cables.”

These are two extracts taken from a letter sent to us by
a District Mains Engineer. They are spontaneous and
represent the opinion of a man who knows the materials
to meet the job.

“DENSO”
Regd.

PRODUCTS

IMITATED BUT NOT EQUALLED

Tite for Specificativ and forie L5t

WINN

& COALES LTD

TERMINAL HOUSE, GROSVENOR GARDENS, LONDON, SW.i

Telephone: Sloane 6264 Telegrams: Denselte. Sowest, London

The Calculation of Fault

Currents in Electrical
Networks

By R. T. Lythall, A.M.LE.E. This is a sound introduction
to the subject of circuit-breaker selection, embodying
useful methods of calculation requiring the minimum

of complicated theory. Second Edition. 12/6 net

Elementary Vecfors for
Electrical Engineers

By G. W. Stubbings, B.Sc.(Lond.), F.Inst.P.,
A.M.LE.E. A useful guide to the fundamental
principles of ve tor theory for those who do
not take kindly to the mathematics of electrical
technology. Anyone knowing the rudiments
of geometry, algebra and trigonometry can

understand  this book without difficulty.
With graphs and diagrams. Third edition.
7/6 net

PI TMAN’ Parker Street, Kingsway,

London. W.C.2
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TEST EQUIPMENT OF ALL KINDS

THE GENERAL ELECTRIC CO. LTD. OF ENGLAND
HEAD OFFICE: MAGNET HOUSE, KINGSWAY, LONDON

I HRHTTTIIN

T e

-
















Present circumstances, arising out of the national need, prevent

us from devoting more than a fixed proportion of our output to fulfilling
the demands of the home market, but as the largest manufacturers of
Strowger Automatic Telephone Equipment — standardised by the British
Post Office—we consider it important to keep British Post Office engineers

informed as to our development and production achievements.

A second and perhaps more important reason why our announce-
ments appear in these pages is that we know that the Journal is subscribed
to by the telephone authorities of other countries and we wish to address
the following appeal to their engineers :—

“If you will specify British-made Strowger equipment you will be
amply repaid. Firstly, you will be assisting your own country’s trade, for
Britain —having sold —can buy. Secondly, you will be providing your
subscribers with the most efficient telephone service and in the process be

making a genuine contribution, through such efficiency, to world recovery.”

STROWGER Telecommunications Equipment

British-made STROWGER Main Automatic Telephone

Exchanges are providing service in or are on order for...

Argentine
Australia

Bahamas

British West Indies
Brazil

British East Africa
Canada

Egypt

Great Britain
Hong Kong

India

Iraq

Japan and Manchukuo
Netherlands and D.W.1.
New Zealand
Pakistan

Poland

Portugal

Portuguese East Africa
Rhodesias

% 75% of the World’s
automatic telephone
subscribers use
STROWGER equipment

South West Africa
Sudan

Union of South Africa
U.S.S.R.

Venezuela

- - . and similar equipment is installed in many other countries

A7443b—A22
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POWER BEHIND THE LINES

Tungstone Planté cells are being supplied to the British Post
Office and to Postis and Telegraph departments abroad and

conform fully to G.P.O. and British Standard specifications.

Delivery is reasonable on all types and sizes.

Open type cells

Similar to the illustration above, these
are available in glass and/or lead-lined
wooden boxes, in capacities from

100 a.h. to 5000 a.h.

Replatals

We are in a position to supply plates
for the replatal of any size of existing
Planté batteries.

Overseas Enquiries

Enclosed cells

Tllustrated on the right, these are in
sealed glass boxes, in capacities from
10 a.h. to 200 a.h., delivered in the
U.K. filled and charged.

Technical Service

We are glad to advise on most suitable
types and layouts for any installation
and for any purpose.

Export customers are invited to cable or write their enquiries for batteries or
parts. Visitors to London are welcome at our offices.

| TUNGSTQNE Batteries

ENCLOSED TYPE CELL

=

For further particulars write: TU NGSTONE PRODUCTS LIM lTED,
St. Bride’s House, Salisbury Square, London, E.C 4. 'Telephone: CENtral 8156 (4 lines.).

Cables: DILUTUM, London

Works: Market Harborough, Leicestershire.

TCi



TELEPHONE CABLES
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OUR LATEST BROCHURE No. 9E (1947)
IS NOW AVAILABLE, GIVING INFOR-
MATION AND SPECIFICATIONS FOR A
WIDE RANGE OF TELECOMMUNICA-
TION CABLES MANUFACTURED BY US.
COPIES WILL BE SENT ON REQUEST.

CABLE WORKS, Ltd., SOUTHAMPTON.

Electrical Standards for

TEMPERATURE COMPENSATOR

CONDENSERS, OSCILLATORS, FILTERS
AND

Continuously
adjustable degree
of compensation
of either algebraic

sign in a single |

compact unit
without appreci-
able augmentation
of capacitance or
losses. -

Action  perfectly
cyclic to within
measurable
accuracy and per-
fectly linear over
a wide range of
temperature.

SULLIVAN-GRIFFITHS

Research and Industry
Testing and Measuring Apparatus

.FOR COMMUNICATION
ENGINEERING

(Patented)
for

ESONANT CIRCUITS

Equally free from
losses at all
frequencies.

Measures only
33 x 1Y x 17
Weighs only
I3 ozs. and may
readily be fixed
to any existing
apparatus.

Special designs
and quotations for
quantities.

H. W. SULLIVAN LTD., LONDON, S.E.I5 - Phone :

New Cross 3225 (P.B.X.)
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