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The Public Utilities Street Works

Act, 1950

U.D.C. 351.712

E. A. PAGE +

This article first gives a brief historical survey of the legislation covering street-breaking by statutory undertakers with an outline of the
considerations leading to the Public Utilities Street Works Act of 1950. The main provisions of the new Act are then explained in simple
terms and an indication given of the manner in which these provisions affect the Post Office in its external plant operations.

Introduction.

HE Public Utilities Street Works Act is an Act
I providing a comprehensive code of procedure for
the breaking-up of streets by statutory undertakers,
e.g. gas and electricity boards, water undertakings and the
Post Office. It also regulates the circumstances arising when
undertakers’ apparatus is affected by road works, bridge
alterations and the like. It applies equally to Government
Departments where they operate in the capacity of statutory
undertakers (i.e. the Post Office) or as highway authorities
(i.e. the Ministry of Transport for trunk roads), and super-
sedes the corresponding provisions in the many public
general Acts and some thousands of private Acts and
Orders dealing with undertakers’ and highway authorities’
works in streets and roads. Agreements governing the
exercise of such powers so far as they are inconsistent with
the street works code are also invalidated, with the excep-
tion of those relating to reinstatement. The Act applies to
Great Britain, but not to Northern Ireland, the Isle of Man
and the Channel Islands, and for most purposes came into
effect on the 26th April, 1951.

Historical Survey.

It had long been recognised that the existing legislation
dealing with the breaking-up of streets by statutory under-
takers, based largely on Acts over a hundred years old, was,
in many respects, inadequate. Advances in the science of
road engineering, the growth of road traffic and the develop-
ment of public utility services had given rise to problems in

the relations of statutory undertakers and highway -

authorities which were not provided for by existing legisla-
tion. Considerable diversity .also existed between the
statutory powers of the different undertakers; the gas and
water undertakers, for example, usually having the right,
not always exercised, however, to carry out the reinstate-
ment of the disturbed surface themselves, whilst for
electricity undertakers and the Post Office the highway
authorities could elect to do so. Water, gas and electricity
undertakers also had, in general, statutory powers to break
open all streets, whether public or private, but the Post
Office only had the right to break open public roads.

In 1925, therefore, a Negotiating Committee, consisting
of representatives of the various local authorities’ associa-
tions and the Conjoint Conference of Public Utility
Associations representing water, gas and electricity
interests, was formed to work out a scheme to regulate the
mutual rights and liabilities of the parties concerned. The
Negotiating Committee had no power to bind their con-
stituents, but were merely required to arrive at an agree-
ment which could be submitted to the participating
associations. Successive drafts of a clause were produced,
after prolonged discussions, in 1926, 1928, 1934 and again
in 1938 when a final draft was prepared, but none was
found acceptable to all parties, the most contentious point
by far being the apportionment of the cost of removal or
alteration to undertakers’ plant rendered necessary by an
alteration of the highway. The Post Office was not repre-
sented on the Negotiating Committee, but it is of interest to
note at this point that, in 1933, it had concluded its own

t Higher Executive Officer, External Plant and Protection
Branch, E.-in-C.'s Office.
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agreement for the reinstatement of Post Office trenches
with the Institution of Municipal and County Engineers,
one of the bodies represented on the Committee, and this
document has formed the basis of the Department’s
agreements with the great majority of highway authorities
ever since.

Early in 1939, however, a Joint Committee of the House
of Lords and the House of Commons, under the chairman-
ship of Lord Carnock, was formed to consider the various
water, gas and electricity Acts involving the breaking-up of
streets and to report what modifications were necessary to
meet modern conditions. The Negotiating Committee’s
Clause of 1938 was taken as the basis for consideration and
evidence was heard from the parties concerned. The chief
point at issue again became the cost of alteration of under-
takers’ apparatus due to road works. The undertakers
argued, on the one hand, that, as they had been authorised
by Parliament to lay their apparatus under roads as the
only practicable means by which they could carry out their
obligations to supply certain necessities of life, it would be
unfair to them and their consumers to have to bear the cost
of alterations to their plant made necessary by works in
the interests of road traffic. The highway authorities, on
the other hand, contended that the laying of apparatus
under their highways was forced upon them without option
and that they ought not to be called upon to bear the
additional expense because an alteration of the highway
necessitated also an alteration of apparatus in the placing
of which they had no choice. On the broad principle,
however, that whoever initiated road works requiring an
alteration to undertakers’ apparatus should bear the
cost of such alteration, the Committee finally preposed that
the cost of removal or alteration of apparatus made neces-
sary by road improvements should be borne by the highway
authority. The Carnock Committee issued a report in the
same year, giving their recommendations and detailing the
proceedings of the Committee, but owing to the outbreak
of the war, further action was suspended. In 1947, however,
the matter was revived again when the Post Office and other
bodies concerned were asked to give their views on the
report, and in 1949 a Bill was drafted, substantially in line
with the Carnock Committee’s report, which reached
Parliament early the following year. It was considered first
in the House of Lords and then in the House of Commons,
and was finally passed, without any drastic alteration, in the
Autumn Session of 1950.

Main Provisions of the Act.

The Act is in four parts. Part 1 (Sections 3 to 14 and the
First, Second and Third Schedules) contains what is des-
cribed as the street works code, which sets out the procedure
regulating the breaking-up of streets by statutory under-
takers. The code reproduces the main features of existing
codes in the principal Acts governing the operations of
statutory undertakers. Undertakers are required to settle
plans and sections of their proposed street works {except
in most cases of service and overhead telegraphic lines and
certain other small works) with those responsible for the
street concerned; and if the works are to be done in a street
going over or under a bridge or crossing a transport system



(such as a railway or canal), or interfere with a public sewer,
they must also settle plans and sections with the bridge,
transport or sewer authority, respectively. They must give
seven days’ notice of the commencement of such works to
the street or other authority, and three days’ notice for
service lines, etc. Special provision is made for emergency
works, the submission of plans and sections and notices of
commencement being permitted as soon as is reasonably
practicable in such cases. Undertakers are required to go
about their works in a reasonable way so as to mitigate in-
terference with road traffic and safeguard the public, and
interested parties are given the opportunity to supervise
works touching their interests. The code also contains
three important provisions:—

(1) Street authorities are given the right with all
undertakers’ works (except most service and overhead
telegraphic line works) of carrying out the final reinstate-
ment if they so elect at the expense of the undertakers
concerned, but the undertakers are permitted to carry
out the temporary restoration up to surface level and the
street authority may not disturb this filling-in within
12 in. of the undertaker’s plant unless otherwise agreed
by the respective parties.

(2) Street authorities can require, in appropriate cases,
that the apparatus be laid in controlled land, that is
unbuilt-on land alongside a highway which has been ear-
marked for the eventual widening of the road, instead of
in the road itself. This is an important departure from
existing codes and is designed to ensure that undertakers’
apparatus is laid where it will interfere least with road
improvements.

(3) Transport authorities, in view of the peculiar
susceptibilities of their systems to damage or danger, may
themselves elect to carry out such breaking-up and
reinstatement in streets crossing their systems by bridge
or otherwise, as the undertaker is permitted to do, at the
latter’s expense.

With the exception, however, of the second provision
mentioned, which extends undertakers’ powers in certain
circumstances to laying apparatus in land abutting on a
road, the street works code in no way increases or extends
undertakers’ statutory powers to lay apparatus in, or
break-up, streets.

Part II (and the Fourth Schedule) of the Act deals with
the circumstances arising when it is necessary to move or
alter undertakers’ apparatus owing to street or bridge
alterations, or transport works. As already indicated, this
situation had always given rise to a good deal of dispute
between undertakers, highway authorities and others, since,
apart from the Telegraph Acts which required the Post
Office to meet the cost of any removal of their plant
consequent on an alteration in the line or level of a road,
general legislation had little to say on the point. The Act,
however, now lays down that, with certain exceptions, when
road or bridge alterations make it necessary for undertakers
to move or alter their apparatus, the cost of moving or
altering the undertakers’ apparatus shall, in these circum-
stances, fall on the party carrying out the road or bridge
alterations or transport works. This was one of the cardinal
recommendations made by the Carnock Committee after
very full consideration, but the exceptions mentioned are
of importance. The first is that where an undertaker’s plant
has to be altered because of street, bridge or transport
works made necessary by subsidence for which the authority
concerned is not to blame, e.g. in a mining area, the under-
taker cannot claim the cost of alteration from the authority.
In the second case it has usually happened in the past that
when undertakers came to lay apparatus in a street and
knew of any works a street, transport or bridge authority
intended to carry out, they placed their apparatus in such a

position as to offset the effects on that apparatus of the
proposed works, e.g. by laying it along a different line or at
a different depth. The Act endorses this procedure, laying
down that if at the time an undertaker submits a plan and
section (or notice, where'a plan and section is not required)
of a proposed work, the street or other authority gives
notice and serves a plan and section of impending street or
other works which may affect the apparatus, the authority
shall be relieved of the liability to pay for any alterations
which may then prove necessary to the apparatus if they
carry out such works within two years (or up to four years
if such extension be subsequently authorised by the
Ministry of Transport). The last exception provides for the
situation arising when undertakers whose apparatus needs
to be altered owing to an authority’s works take the
opportunity to carry out improvements t® their apparatus
or are enabled to replace apparatus nearing the end of its
useful life. In such cases the costs to be met by the pro-
moting authority are reduced by an amount which repre-
sents the benefit accruing to the undertakers. Where,
however, the undertaker has to substitute apparatus of
greater length than that which has to be moved because of
the promoting authority’s works or to provide some
addition, such as a jointing chamber, the promoting
authority has to meet the cost of the additional work.

Part I1I deals with a number of matters arising from the
preceding Parts. One important section provides a code for
the mutual protection of undertakers when the operations
of one undertaker are likely to affect the apparatus of other
undertakers in the same street, requiring, amongst other
things, that operating undertakers shall not begin such
works (other than those relating to service or overhead
telegraphic lines) until they have given due notice of their
nature and place to the other undertakers. Operating
undertakers are required to comply with the reasonable
requirements of owning undertakers for the protection of
the latter’s apparatus and to meet the cost of making good
any damage which occurs.

Another section deals with the restriction of traffic which
may be rendered necessary by undertakers’ works and the
liability of the undertakers for meeting the cost of use of
alternative routes, whilst a third section, of considerable
importance in view of public reactions on the point, restricts
the right of undertakers to break up maintainable highways
during the twelve months following the closing of a sub-
stantial part of the highway for the execution of road works
or resurfacing. The section does not apply to service and
overhead telegraphic lines in a part of the highway other
than in the carriageway, and provision is made for works
in satisfaction of an enactment or agreement already made.

Part IV of the Act deals with questions of procedure. On
that of arbitration (for which provision is made in the
previous Parts when undertakers and street, etc., authorities
are unable to reach agreement on, say, plans and sections
or reinstatement requirements), it is laid down that a single
arbitrator shall be appointed by agreement between the
parties concerned or, in default of agreement, by the
President of the Institution of Civil Engineers. The appli-
cation of the Act to London and Scotland, where special
circumstances arise on certain points, is also dealt with. It
is of interest to note with regard to London that the street
authorities may elect to reinstate in all cases of service and
overhead telegraphic lines as well as other works, and that
in Scotland, appointmgnt of an arbitrator in default of
agreement is made by the Sheriff. For the purposes of the
Act, the limitation of a service pipe or line to a length of
not more than 100 yds. is laid down, and definitions of the
expressions used in the Act are also given. A street, for
example, is defined as “‘any length of a highway (other than
a waterway), road, lane, footway, alley or passage, any
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square or court and any length of land laid out as a way, -

whether it is for the time: being formed as a way or not,
irrespective of whether the highway, road or other thing in
question is a thoroughfare or not’—a reasonably
comprehensive definition!

Effect on the Post Office.

So far as the Post Office is concerned, whilst the Act does
not affect in any way the powers of the P.M.G. under the
Telegraph Acts to place telegraphic lines in streets, it does
regulate the exercise of those powers in the actual work of
constructing overhead and underground lines in streets (the
serving of road-opening notices, reinstatement, guarding
and lighting, etc.). The Telegraph Acts, which have pro-
vided the sole authority for such works for nearly 90 years,
have undergone® surprisingly little alteration, confined,
apart from a few small amendments, to the cessation of
Sections 10, 15 and 17-20 of the Act of 1863 and, so far as
works covered by the new Act are concerned, Section 4
of the Act of 1916. It is indeed a tribute to the skill of
the drafters of the 1863 Act in particular that so much of
it remains to the present day. Consents are still necessary
for all overhead plant, except when placed in controlled land
under the authorisation of a street authority and for
underground plant, in unadopted roads in urban districts.
A point of note, however, is that when overhead plant is so
placed in controlled land the P.M.G.’s flying wire powers in
respect of it remain unaffected. Plans and sections which
have now to be furnished to the street authority for all
underground plant (other than service lines) to be laid in
adopted streets replace the consent procedure for such
plant (including settlement of depth, course and position),
but it was stressed during the proceedings in Parliament
that they should be kept as informal and simple as possible.
The work may not, however, be carried out within 12 months
of the closing of a substantial part of the highway for road
works or resurfacing, save in certain cases.

A major change has taken place with regard to the

removal or alteration of Post Office plant resulting from
street authorities’ works. Under the Telegraph Acts the

Post Office was required to meet the cost of such removal
if an alteration in the line or level of the road was involved.
The position is now reversed, although it must be borne in
mind that the street authority is required to meet only
the cost of removal or alteration actually attributable to
the plant in situ and that the extent to which the Post
Office may benefit by introducing new plant must be allowed
for in assessing the costs of the work., Other points of
difference are that, whereas formerly the Post Office was
required to give the electricity authorities courtesy notice
only of projected works and gas and water authorities
notice only when alteration to their pipes was likely to be
involved, notice now has to be given under the Act wher-
ever other undertakers’ plant is likely to be affected.
Similarly, other undertakers now have to give the Post
Office notice of their works. Also under the Telegraph Acts,
highway authorities had the right, although rarely exercised,
of carrying out the entire temporary restoration of the
trench in addition to the permanent reinstatement, whilst
at the same time they could only supervise the actual
opening or breaking up of the highway. The position in
both cases has now been clarified.

Conclusion.

Some months’ operation of the Public Utilities Street
Works Act has now been experienced and there has been
marked evidence of a desire on the part of the bodies
concerned to get the Act working as smoothly as possible.
Frequently street authorities have sought a continuation of
existing arrangements, whilst on other occasions they have
initiated round-table conferences with the undertakers and
arrived at reinstatement conditions acceptable to all
parties. In a few cases which are proving difficuit of
solution, it seems, nevertheless, to be agreed that if possible
arbitration should be avoided, and with a little give and
take on both sides, satisfactory solutions will, no doubt,
be found. It is felt, indeed, that much of the value of the
Act lies in its emphasis on a reasonable interpretation of
its provisions by all concerned.

Transatlantic Telephone Service—mCommemoration of Notable Anniversary

U.D.C. 621.396.5: 061.75

ONDAY, the 7th of January, 1952, was the 25th
Manniversary of the opening of the first commercial

radiotelephone service across the Atlantic, which
opened in 1927 between London and New York, and
the anniversary was marked by an exchange of greetings
between Mr. C. F. Craig, President of the American Tele-
phone and Telegraph Company, and Sir Alexander Little,
Director-General of the Post Office.

An interesting link with the ceremony of 25 years ago
was provided when Mr. Walter S. Gifford, the present
U.S. Ambassador in London—who as President of the
American Telephone and Telegraph Company at that time
made the inaugural call to Sir Evelyn Murray, Secretary
to the Post Office—also spoke from the United States
to Lord Salisbury, Lord Privy Seal and Leader of the
House of Lords.

The opening ceremony was not the first occasion on
which a telephone conversation took place across the
Atlantic. Speech had been passed from Arlington to Paris
in 1915 but the first two-way conyversation took place at
4.0 a.m. on Sunday, the 7th February, 1926, from the main
transmitting room at the Rugby Radio Station!. The
speech from New York was received at a special receiving
station built by the Post Office at Wroughton, near Swindon,
where Mr. F. E. Nancarrow was officiating, and was passed

(W P.O.E.E.J., Vol. 19, p. 74.
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by underground cable through London to Rugby. Speech
to New York was from a microphone working directly into
the long-wave single-sideband sender at the Rugby Station.
A 4-wire circuit was provided throughout as at that
time the terminal voice-operated devices, necessary for
two-wire working, had not been completed. Ionospheric
conditions at the time were very favourable and the quality
of the speech in both directions was clear and free from
distortion, the voices of the individual speakers being easily
recognisable. Those present included Mr. Proctor Wilson
of the Western Electric Company, Messrs. Oswald and
Knettles, on loan to that Company from the Bell Telephone
Laboratories, Mr. C. O. Horn, the Assistant Engineer-in-
Charge of the Station, the writer and other members of the
Station staff and Sir George Lee who was at that time
Staff Engineer in charge of the Radio Section at Head-
quarters.

The Post Office now operates ten or twelve direct radio-
telephone circuits to New York and many other circuits to
27 overseas points through which telephone subscribers
in the United Kingdom can be placed in telephone com-
munication with some 75 extra-European countries. Some
4,000 long-distance radiotelephone calls are now dealt with
each week at the International Exchange in Wood Street
in the City of London, and of these about 1,700 are with the
United States of America and Canada. H.F.









“10s. and Over”” Device.
A felt brush (Fig. 4) connected to a reservoir of purple

ink is contained in the upper section of the machine, with the .

tip of the brush just clear of the top edge of the paper. When
the value is set at 10s. or over, and the machine is operated,
the brush is lowered by means of a cam on the shillings die
shaft so that it rests on the paper. The feed rollers rotate
and draw the paper against the brush, leaving a purple line
along the top edge of the issued order. Towards the end of
the cycle the brush is raised by means of a second cam.

Value Selection and Recording.

The shillings and pence value setting knobs are connected
to the value printing drums by means of concentric shafts,
carrying stepped cams which form part of the value record-
ing and poundage control mechanisms. Fig. 7 shows the
pence recording mechanism with the stepped cam in the
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Fi1G. 7.—THE PENCE RECORDING MECHANISM.

position taken when the pence setting knob is at zero. When
the machine is operated, the plunger is pushed upward by
an arm in the lower section of the machine, raising the free
end of the crank shown. The right-hand end of the con-
necting bar follows the crank under the action of a spring
until the stop engages with a facet of the stepped cam. The
left-hand end of the connecting bar depresses the pence
rack which, in turn, rotates the intermediate meter pinion.
Recording takes place on the upward stroke of the rack after
the plunger has been released later in the cycle, the down-
ward stroke being made ineffective by means of a ratchet
and pawl fitted behind the intermediate meter pinion.

Similar arrangements are provided for recording the
shillings and poundage. The recording of pence and shillings
takes place simultaneously in the value meters and a device
is provided whereby any shillings to be carried forward
from the pence meter are stored until the main recording
cycle has been completed before being released into the
shillings meter. The duplicate or check meters are driven off
the same recording racks.

Sorting.

The machine-issued postal orders are sorted according to
their serial numbers only, instead of to their values and
serial numbers as is the case with standard postal orders.
Sorting holes are drilled in the packs of postal order forms
after fanfolding, the positionsof the holes being different for
-each pack. Because the forms are fanfolded, six holes have
ito be drilled, although only three of these are actually used

for sorting each order. As the positions of the holes differ
from those on a normal postal order, a specially modified
sorting machine is used. The holes will eventually be
punched during the pre-printing process, when only three
holes will be required.

Inking Arrangements.

It is necessary to re-ink the machine after about every
5,000 impressions, or about every three days at a busy office.
Black ink is evenly applied by means of a brush to the lower
of the two felt inking rollers. The two rollers are then
rotated together by hand, using the knurled knob at the
end of the upper roller to spread the ink and to ensure even
impression.

Safeguards.

In order to make the machine as fraud-proof and as
proof against misoperation as possible, locking devices are
incorporated to make it impossible to operate the machine:—

(@) without inserting the operator’s identification bar

(see Fig. 4),

(b) with the setting knobs incorrectly positioned,

(c) when there is no paper in the machine,

(d) when the machine is unlocked.

A locking bar is provided to make it impossible to alter
the value setting once the operating lever of the machine
has been pressed.

Additional Features.

When there are less than 100 forms left in the paper
container a gong is struck each time the machine is
operated, thus warning the operator to replenish the supply.
A new pack of 1,000 orders can be joined to the end of the
pack in the machine very quickly without taking the
machine out of service. A special jointing device is provided
to make the operation as simple as possible.

When the upper section is tilted back, a lamp is switched
on inside the machine, illuminating the dies and inking
rollers to assist the operator to carry out the operations of
date changing, inking, etc.

% CONCLUSION

The first machine is now on field trial at Romford H.P.O.
and preliminary results show that some time is saved on
each transaction. This is largely due to the fact that it is no
longer necessary to make up postal orders for odd amounts
by attaching stamps to the 27 standard values. The
machine-issued postal orders do not require date-stamping
by hand as this is carried out automatically by the machine.
There is also an appreciable saving in the time taken to
balance the cash taken against issues made during a
counter clerk’s shift. This is due to the provision of the
value and poundage meters. A simple subtraction enables
the clerk to determine the value of postal orders sold during
the shift. In addition, the arrangements for the supply of
postal orders of many different values from stock are
simplified by the use of the single type of postal order form.

The scheme and the specification for the machine were
initiated by the Post Office and the design and manufacture
carried out by the Bell Punch Co., Ltd., Uxbridge. It is
hoped to introduce further machines at other Post Offices if
the Romford trial proves successful.
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Thermal Problems of Small Underground

Installations

U.D.C. 536.629.7

K. D. BOMFORD, m.sc, AM.ieET

This article describes theoretical and experimental investigations made to obtain thermal design data for small underground installations

housing telecommunications or similar equipment. The theoretical approach is based on the equivalent electrostatic capacitance between

two conducting surfaces and it is shown that calculation on this basis provides a useful indication of the temperature rise likely to be
experienced in an underground installation of steel construction.

Introduction.

ONDITIONS sometimes arise that make the
Cinstallation of telecommunications equipment below

ground an attractive possibility. The principal
advantages that can be claimed for this type of installation
are, firstly, a high stability of operating conditions, which is
particularly attractive for frequency-standard equipment
for example, and, secondly, that it could provide the
solution to acute accommodation problems that may arise
on telecommunications systems in built-up areas. These
advantages may, in certain circumstances, outweigh the
inconvenience and maintenance difficulties of such instal-
lations, and some consideration has therefore been given to
the problems involved in accommodating small units of
equipment below ground. It soon became apparent that the
dissipation of heat from thermionic apparatus required
detailed investigation as it would obviously be a major
factor influencing the general design.

The present article is concerned solely with this aspect of
the problem and describes the theoretical and experimental
investigations that have been made to obtain the required
thermal design data. It was decided to consider equipment
placed in an underground cylindrical steel tank, buried with
its axis vertical and with access provided by a conventional
manhole; this shape of tank probably combines ease of
construction and installation with the best use of the avail-
able volume to a higher degree than any other.

An Outline of the Problem.

The temperature rise of the component parts of the
equipment above the ambient temperature can be controlled
to a certain extent at the design stage and for thermionic
equipment is usually between 20° and 40°C. The actual
component temperature during the fife of the equipment
will then vary in sympathy with the ambient temperature.
The air temperature inside a buried steel tank which is
dissipating power will be higher than that of the surrounding
soil and, since sufficient information exists to enable the
actual soil temperature to be predicted with reasonable
accuracy, the problem resolves itself into determining the
temperature rise of a steel tank above the surrounding
medium. The variables involved in the estimation of the
temperature rise of a buried cylinder are the diameter and
height of the cylinder, the depth of the cylinder below the
ground surface, the power dissipation, and the thermal
conductivity of the soil in which the cylinder is buried. The
dimensions of a suitable cylindrical tank are too large for
extensive experiments in which the diameter, height and
depth are systematically varied and this made it necessary
to study the problem theoretically in an attempt to
determine a general relation between the variables con-
cerned.

On the other hand, an experimental check of the analysis

1 Armaments Research Establishment, M. of S., formerly Senior
Executive Engineer, Radio Experimental Branch, Engineer-in-
Chief’s Office.

1 “On the Uniform Motion of Heat in Homogeneous Solid Bodies,
and its Connection with the Mathematical Theory of Electricity.”
‘W. Thomson. Camb. Math. Journ. Feb., 1842,

% “Conduction of Heat in Solids.” p.342. H.S. Carslawand J.C.
Jaeger. Oxford, 1947,
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was, perhaps, more than usually necessary, in view of the
uncertainty of some of the data. Thus, the thermal con-
ductivity of soil and the dissipation of heat at the surface of
the ground are both somewhat indefinite quantities.
Experiments were therefore made with three cylindrical
tanks of widely different size that were readily available.

THEORETICAL INVESTIGATION
The Electrostatic Analogy.

The analogy between thermal and electrostatic
phenomena in the steady state was described by Sir William
Thomson in 1842,! and it is interesting to note that he used
the analogy to solve electrostatic problems from a knowledge
of heat flow. To-day the converse process is more usual and
a theoretical or experimental determination of the electro-
static capacitance between two conducting surfaces leads
directly to a knowledge of the rate of heat flow between
isothermal surfaces. Thus, if two isothermal surfaces P, and
P, are maintained at temperatures # °C and ¢, °C, res-
pectively, then the rate of heat flow between P, and P, is
W watts, where

W= —t)R
In this formula R is a thermal resistance factor, which for
the units quoted is expressed in ““thermal ohms,” and it can
be shown? that, if C’ is the electrostatic capacitance be-
tween P, and P, when separated by a medium of unit
permittivity, then the thermal resistance R’ between P; and
P, is given by:—

where K is the thermal conductivity, in C.G.S. units, of the
intervening medium. In equation (2) R’ is expressed in
°CJcal.[sec. and €’ in E.S.U.(cms). It is usually more con-
venient for calculation to express the resistance in thermal
ohms, the conductivity in terms of thermal resistivity in
thermal ohms per cm. cube,* and the capacitance in micro-
microfarads; the appropriate conversion factors yield the
formula:
S S
7 09C — TI8C e (3)
where R = thermal resistance in thermal ohms
S = thermal resistivity in thermal ohms per cm. cube
C = capacitance in micro-microfarads.

The calculation of the temperature rise of a buried
cylinder dissipating a given power can thus be made by
substitution in equation (1) above, and the appropriate
thermal resistance for use in this equation can be determined
by equation (3) from a knowledge of the thermal resistivity
of the surrounding soil and of the electrostatic capacitance
between the tank and the surface of the ground, assuming
that a medium of unit permi:tivity intervenes. The
determination of the capacitance io the surface of the
ground for the present type of tank, i.e., a cylinder buried
with its axis vertical, will now be considered.

R =

* The thermal resistivity, S, in thermal ohms per cm. cube is
related to the thermal conductivity, K, in C.G.S. units by the
expression: S = 1/4-2K.



The Capacitance Between a Vertical Cylinder and a
Horizontal Plane.

The calculation of the capacitance between a cylinder and
a plane perpendicular to its axis is difficult, and a search of
the literature did not reveal a general solution. However, a
solution having an estimated accuracy of 45 per cent.,
which is considered to be adequate for the present problem,
was evolved, as described in the Appendix. The result is
expressed as a family of curves, in Fig. 1, in terms of
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F16. 1.—CAPACITANCE BETWEEN A CYLINDER AND A PLANE
PERPENDICULAR TO ITS AXIS,

dimensionless parameters that are applicable to any size of
tank at any depth within the ratios of the dimensions given
on the curves.

These curves, in conjunction with equation (3), will give
the thermal resistance of a tank of known dimensions, at a
specified depth and in a medium of known thermal
resistivity. This, in turn, will yield the temperature rise of
the tank for a given power dissipation By the use of equation
(1). If this solution is to have any real value, however, it is
essential to consider the several factors which will, in
practice, modify the idealised theoretical analysis so far
presented.

Some Factors affecting the Calculated Temperature Rise.

The calculation of the temperature attained in a buried
tank is subject to errors that may be classified under two
heads, viz., errors of approximation, arising from the

inevitable idealisation of the problem, and errors of informa-

tion, arising mainly from inadequate knowledge of the
thermal properties of the soil.

The formule already given apply to the flow of heat
between two isothermal surfaces separated by a uniform
medium, and it is assumed that the surface temperatures
are unchanged by the flow of heat, or that equilibrium has
been attained. In practice, temperature differences will
exist between the extremities of the tank, due to the con-
centration of its sources of heat, and to the difference in
thermal resistance of the paths of heat flow from the
different parts of the tank. Furthermore, the temperature
of the surface of the ground will not be uniform, for the
transfer of heat from soil to air will raise the temperature at
~~the ground surface, and so in the tank, by an amount that
will vary with the distance from the tank. The medium

that separates the two surfaces is not uniform, for concrete,
as well as different types of soil, will usually surround the
tank, and the presence of nearby pipes and cables will
affect the flow of heat. Again, for the calculation of its
thermal resistance to the ground surface, the tank will
usually be assumed to be a simple cylinder, and it may not
be possible to allow accurately for the effects of a manhole
or cable connections, which will decrease the thermal
resistance and cool the tank.

The thermal resistivity of a particular type of soil is
found to depend greatly upon its moisture content, and the
effect of water appears to be greater than that of soil type,
but it is usually sufficiently accurate to assume a resistivity
of 100 thermal ohms per cm. cube for any type of soil likely
to be met in the British Isles. Thisassumption is based on
the list of soil resistivities given in Table 1.

The assumption has also been made that there is no
temperature gradient in the soil except that due to the tank
itself, although for the depths at which tanks may be
buried, the soil temperature is in fact lower in summer and
higher in winter than the surface temperature by an amount
that increases with depth. Fortunately, this has only a
small effect in the present case. A steel tank buried in soil
with a temperature gradient, and with no power dissipation,
will assume a temperature intermediate between that corre-
sponding to the depths of its top and bottom surfaces. In
practice, the soil temperature difference for depths differing
by some 10 ft. (the maximum likely height for a tank) is
only about 2°C, if the smaller depth is greater than 6 in., so it
is accurate enough to estimate the final temperature by
adding the calculated temperature rise to the soil tem-
perature at the mean depth of the tank.

TABLE 1
Specific Thermal Resistance of Various Soils and Materials
‘Thermal Resistivity
Material in Thermal Ohms Authority
per cm?
Clay .. .. .. .. .. 40-80 1
Clay 28 per cent. moisture by volume 43 3
Sand dry .. . .. .. .. 290 3
Sand dry .. .. .. .. .. 350 4
Sand dry .. .. .. . .. 380 2
Sand 8 per cent. moisture .. .. 170 2
Sand 10 per cent. moisture .. 96 3
Sand .. .. .. 100-200 according 1
to season
Sandy loam .. . .. .. 120 1
Loamy soil .. .. .. . 120 1
Soil average .. .. .. .. 103 2
Concrete .. .. .. .. .. 30-80 2
Concrete dry . .. .. .. 128 3
Concrete 10 per cent. moisture by volume 82 3
Reinforced concrete .. .. .. 67 3
Brick dry . .. .. .. 190 3
Brick 2 per cent. moisture by volume .. 96 8
Brick {Building) .. .. .. 119 2
Building Brickwork dry .. .. 144 4

1. Communicated by E.R.A. Research Laboratory.

2. “Conduction of Heat in Solids.” H. S. Carslaw and J. C. Jaeger. Oxford-at
Clarendon Press, 1947. .

8. “Elements of Heat Transfer and Insulation.” M. Jakob and G. A. Hawkins.
Wiley & Sons, 1942.

4. “Heat Transmission.” McAdams. McGraw-Hill.

EXPERIMENTAL INVESTIGATIONS
Description of the Field Trials.

Measurements were required over a wide range of
parameters so that a reasonable experimental check on the
theoretical analysis could be obtained, and the temperature
rises of three underground tanks of widely different dimen-
sions were investigated with appropriate internal power
dissipations. The first test was made on a comparatively
large underground steel chamber that had been con-
structed at Baldock Radio Station to accommodate fre-
quency-standard equipment, and which, fortunately, was
not only of the desired cylindrical shape with its axis
vertical, but had not then been brought into service and
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was thus readily available for test. This was followed by
measurements at Dollis Hill on a small buried oil drum. In
addition to the convenience of making measurements on
what was in fact a small-scale model, the oil drum possessed
the added advantage that, unlike the other tanks, it was a
smooth cylinder directly comparable with the idealised
theoretical case. The third series of measurements was
made on a prototype underground tank installed at Dollis
Hill. The salient features and dimensions of the three tanks
tested are shown in Figs. 2, 3 and 4 respectively.

The small circles indicate positions of resistance thermometers. The number gives the
temperature in °C at each point, with 1,810 W heating in the tank, when a stable
condition had been reached after 80 days.

F16. 2.—THERMAL TEsSTS oN UNDERGROUND TANK AT BALDOCK
RADIO STATION.
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T1, T2 and TS are resistance thermometers; T1, T2 are 1 ft.

from the centre of the top and bottom of the tank respectively.

H, and H, are 500W heaters, independently controlied and
mounted on a 7 ft. 6 in. rack.

F1c. 4 —UNDERGROUND PROTOTYPE TANK AT
Doriis HiLL.
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The conditions under which the tests were conducted
were substantially the same in each case. Power was
dissipated in the tank by suitable electric heaters and tem-
perature measurements were made inside the tank and at
points in the surrounding soil, with one measurement at
such a distance that it gave the ambient soil temperature.
The air temperature in the tank and the soil temperature
were determined by resistance measurements of small
copper wire coils. These coils occupied a space of about
1 cu. in. and had a nominal resistance of 1,000 ohms. They
were calibrated against one standard coil that, in turn, had
been calibrated against a thermometer in an oil bath over
the temperature range 0 to 100°C. The coils buried in the
soil were embedded in wax-filled copper containers for
protection, and connections were extended from the coils by
heavy leads of negligible resistance to a measuring bridge
located in an adjacent building. Measurements were taken
at suitable intervals until thermal stability was established.

Results of the Measurements.

The results -of the various tests are summarised in
Table 2, which gives the temperature after thermal stability
had been attained. For the two tests on the Baldock tank
it will be noted that the mean temperature rise was propor-
tional to the power dissipation, as would be expected.
Measurements of soil temperature in the vicinity also
revealed that the temperature at a depth of 5 ft. was affected
by the heat from the tank at distances up to about 12 ft.
from the side of the tank. Other thermometers buried at a
depth of 6 in. indicated a soil temperature rise of less than
1°C immediately above the tank. This supported the belief
that the effects of change in soil surface temperature, due
to the heat dissipated from the tank, could be neglected.

The distinguishing feature of the oil drum experiment was
the comparatively large temperature gradient that existed
along the vertical axis of the drum, the temperature being
54°C at the top and falling to 40°C at the bottom.

For the prototype tank at Dollis Hill, the two tests gave
a mean temperature rise of 18-5°C with a power dissipation
of 480W, and 29°C with a power dissipation of 870W. Heavy
rain fell on several days during the second part of the test, to
such an extent that the space between the top of the
entrance hatch and the manhole cover was found to be full
of water at the end of the test. The upper soil was porous
and would readily allow water to percolate to a depth of
several feet, so that the effective thermal resistance between
the tank and soil surface must have been appreciably lower
during the second part of the test; this is presumably the
reason why the temperature rise did not increase in pro-
portion to the power dissipation.

Calculated Temperature Rise of the Three Tanks.

A comparison was next made between the measured and
calculated temperature rises of the three tanks, mainly to
assess the accuracy, of the theoretical method which it was
hoped would be adequate to predict the thermal behaviour
of buried tanks in general. The results are given in Table 3.

The calculated capacitance of a simple cylinder of the
same dimensions as the Baldock tank is 365 micro-
microfarads, to which was added 78 micro-microfarads
for the equivalent capacitance of the relatively large man-
hole entrance, making a total of 443 micro-microfarads. This
addition was determined experimentally by capacitance
measurements on a model. As already stated, the thermal
resistance, R in thermal ohms, is related to the electrostatic
capacitance, C in micro-microfarads, by R = S/11-3 C
(equation (3)) where S is the soil thermal resistivity in
thermal ohms per cm. cube. The value of S can be estimated
from a knowledge of the soil and the resistivities of various
soil types given in Table 1. Excavation to a depth of 6 ft.



on the site at Baldock showed that the soil was a mixture
of sand and chalk in a moist condition and bearing in mind
the large amount of reinforced concrete, which would have
a somewhat lower thermal resistivity than soil, the

equivalent soil resistivity was estimated at 90 thermal ohms -

er cm. cube; the thermalresistance of the tank is, therefore,
0-018 thermal ohms. The temperature rise is then given by
equation (1).

The oil drum was sufficiently similar to a pure cylinder for
the capacitance to be obtained directly from the curves of
Fig. 1. The soil surrounding the drum was an average loam
containing about 5 per cent. by volume of clay in a fairly
moist condition and the estimated soil resistivity that was
used to calculate the temperature rise was, therefore, taken
as 100 thermal ohms.

TABLE 2

Summarised Results of Thermal Tests on Three Different Buvied Steel Tanks

tions in a tnermal investigation of this type, this agreement
is considered reasonable, and it would appear that the
theoretical approach based on the equivalent electrostatic
capacitance provides a useful indication of the temperature
rise likely to be experienced.

PERMISSIBLE POWER DISSIPATION IN THE PROTOTYPE TANK

The theoretical calculation of the temperature rise of an
underground tank will now be used to determine the per-
missible power loading in the prototype tank. Since in
practice the depth at which the tank will be buried may
depend upon local conditions, the solution will be presented
as a function of depth. The first requirement is to specify
the maximum permissible working temperature in the tank.

Moaximum Working Temperature in
the Tank.
Although the maximum ambient

temperature that can be tolerated
Temperature R . .
Description of Tank Power inside the Ambieat | Mean Approximate time within the tank is a function of the
= th f d t Dissipation tank Soil emperature taken to reach 3 :
b ‘ti:g of t?:\!ll(groun ° lsi:Pthe Temperature Rise Thermal Stability type of equle‘ent) a ClOSC. estimate
H = height of tank Tank near | near | mean of the permissible figure is never-
= € .
R = radius of fan roof | floor theless possible. Measurements on
Watts clpxep c C typical thermionic equipment showed
1 Underground  Tank at Qi 2|z 2 1 1 80days a maximum temperature rise within
i T .
DASH o i mean, power was the equipment of 30°C above the sur-
H-gftom increased rounding room temperature. If it is
— hat components wi i-
2. Ol Drum 98 54 | 40 | 47 13 3¢ 60 hours assumed that components with tropi
D = 12 in. cal rating would be used, having a
H =20 1in ermissible working temperature of
e 71°C, th i ir t
en a maximum air tempera-
. P Tank 480 285 | 276 | 28 95 185 13 days ’
P i mean, ture of 41°C could be allowed.
H = 84t 6in, 870 37 | 35 | 36 7 20 20 days after
R =38 1{t.) _powe:s:das
ncre: . “ ge .
: Soil Resistivity and Temperature.
The worst values of soil resistivity
and soil temperature likely to be en-
TABLE 3 countered in practice must also be
Comparison between Measured and Calculated Temperatures of the Three Tanks decided qu)n before the PermlSSIble
power loading of the tank can be de-
o v cotoutated | Messured | TFERSSEE termined. The thermal resistivity of
Calculated Estimated ermal ower c €asurt ncrease o : . - -
Tank Ca};)ggi?azce SSml Resistance Dissipation Tempgtatnre Mean Calculated SO%IS varles‘ Wldely Wlth the type Of
Thermal Rise Temperature [Over Measured  goj] and with the water content, as
Resistivity T =WR Rise Ternperature i N <
SLac w Rise shown by the typical values listed in
c S R = S/11'3 : )
- Thétmal Thewmal Watts °c °C Per Cent. Table 1. It is regarded as ualikely,
microfarads | ohms per Ohms however, that a figure of 100 thermal
- " ohms per cm. cube for the medium
Baldock Tank | 443 % 0-018 813 e P4 2 surrounding a buried tank would be
01 Drum 2 100 0385 % 3 24 1z cxeeeded for any prolonged period
15 w© in this country, bearing in mind the
Prototype 180 1% S S - 2 1 normal rainfall and the fact that an
appreciable part of the medium would

The prototype tank was also assumed to be a simple
cylinder and the effect of the relatively small entrance hatch
was ignored. The surrounding soil structure was examined
while excavations were being made for the installation of
the tank and the first 4 ft. was a made-up soil of sandy
loam merging during the next 3 ft. into gravel that changed
quickly to solid clay for the remaining 5 ft. The estimated
thermal resistivity of this soil, including the concrete
surrounding the tank, is 100 thermal ohms per cm. cube
under the fairly dry conditions of the first part of the test,
and 80 thermal ohms per cm. cube after the heavy rain in
the second part of the test.

The comparison made in Table 3 between the measured
and calculated temperature rise figures shows that the
calculated temperature rise was consistently higher than the
measured figure by from 12 to 30 per cent. In view of the
unavoidably large number of approximations and assump-

be concrete, possibly reinforced with
steel.

Regarding the maximum soil temperature that should be
assumed, one authority®? quotes measurements for the
London area for the year 1939 that gave the maximum
temperature at a depth of 4 ft. as 16°C in September; at the
same time the temperature at a depth of 1 ft. was also 16°C.
Additional information is furnished by measurements of the
resistance of L.F. pairs in the Manchester-Newcastle coaxial
cable over the period 1940-1944, which gave a maximum
temperature of 17°C at a depth of 2-3 ft. It is considered
that a safe working figure for the maximum soil temperature
is therefore 18°C, and it would appear that it is sub-
stantially independent of depth over the first few feet at
the period when the maximum exists. The permissible
temperature rise in the tank over the soil temperature is
therefore (41 — 18)°C, or 23°C.

3 “The Thermal Insulation of Structures” (p. 47). G. Gale Pitts,
Charles Grifin & Co., Ltd. 1941.
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Calculated Power Dissipation in the Prototype Tank at
Various Depths.

The electrostatic capacitance of the prototype tank of
Fig. 4 has been evaluated from the data of Fig. 1 for various
depths from 2 to 8 ft. between the top of the tank and the
soil surface.

The power dissipation that produces a temperature
rise of 23°C in the tank has been calculated for each
depth, assuming a soil resistivity of 100 thermal ohms,

and the result is shown
plotted as a function
of depth in Fig. §. It
\ will be noted that the
GROUND SURFACE
]

haviour of the tank and
\ &'Dian ] should, therefore, be kept

to a minimum.
\ No factor of safety has
\ been introduced in deriv-
\ ing these results although
in temperature within the
tank, since all experi-
ments showed the pres-
ence of a vertical temper-
ature gradient. However,
all the experiments gave
below the predicted values
and it may well be that
the theory is consistently
pessimistic so that some
small safety margin does

in fact exist.
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PERMISSIBLE POWER DISSIPATION IN TANK WATTS

depth has a very marked
effect on the thermal be-
some margin must be al-
lowed to cover variations
temperature rises that
were from 12-30 per cent.

DEPTH OF TANK, D, IN FEET
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The power dissipation is calculated for a soil

resistivity of 100 thermal ohms per cm. cube, a

temperature rise in the tank of 23°C above a

maximum soil temperature of 18°C and for
various depths.

F1G. 5.—THEORETICAL PERMISSIBLE
PowgrR  DISSIPATION IN THE
ProToTYPE TANK.

Equipment Loading in the Prototype Tank.

Having determined the permissible power dissipation in
the prototype tank, it is also necessary to consider the size
of the equipment that will dissipate this power in relation to
the size of the tank. The most efficient rack layout in a
circular chamber is probably achieved when the equipment
is mounted on single-sided racks arranged around the wall.
In the proposed 6-ft. diameter tank the number of single-
sided racks that can be arranged in this way is six, leaving
about 4 ft. of wall space clear for the entrance ladder and
such items as telephone, power supply and notice boards.
The power consumption of a 7 ft. in. single-sided rack
of transmission equipment averages about 150W. From
the point of view of space alone, the tank could, there-
fore, accommodate equipment dissipating 900W, whereas
it is shown in Fig. 5 that at a depth of only 2 ft. the
dissipation is limited by the temperature rise to 468W. The
amount of equipment in this tank would, therefore, be
restricted by thermal considerations rather than by space.

Further Considerations.

The present investigation has not considered the
possibilities of forced cooling or improving the heat dis-
sipation by increasing the surface area of the tank by some
form of finning. These are not, however, solely technical
problems. Forced cooling could undoubtedly be made
effective, but it would have to be economical, extremely
reliable and automatically supervised, and these factors
must be set against the simple alternative of installing a
larger tank. Again, the addition of some form of finning
may not be much more effective than a larger tank having
equivalent excavation problems, although a single conduct-
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ing mat buried near the surface and effectively bonded tc
the tank would be worth considering where no high re-
instatement charges, e.g., of a road surface, are involved.

The possibility of increasing the heat dissipation would,
therefore, have to be considered separately in the light of the
particular circumstances of each installation.
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APPENDIX

THE CALCULATION OF THE CAPACITANCE BETWEEN A VERTICAL
CYLINDER AND A HOR1ZONTAL PLANE

Kirchoff gives an expression for the capacitance between two
thick discs which is, of course, one-half of the capacitance
between a similar disc and a perpendicular plane midway
between the discs. The expression is not directly applicable to
the present case, however, because it is only accurate when the
thickness of the discs and the separation are both small com-
pared with the radius. Two expressions are given, depending
on whether both discs are insulated or whether one is earthed:
and from these two formule the capacitance of a single disc
to an earthed plane can be deduced. For a disc or cylinder of
radius R cm. and height H cm., with its nearer surface D cm.
from a plane perpendicular to its axis the capacitance, C cm.,
between cylinder and plane given by Kirchoﬁ’s expression is:

Pisd 4 R(2D + H ) 2D
¢ = + on 108 T+ 4n_D toge (1 + )
or, expressmg C in micro-microfarads:

4nR(2D + H)
D2

C— 0-2781%—a + 0-177R loge
RH 2D
+ 0-0884 7 log, (1 + ﬁ)

Several measurements of the capacitances between vertical
cylinders and a horizontal plane were made inorder to determine
the errors that occur in the use of Kirchoff’s formula when the
height of the cylinder and its separation from the plane are not
small compared with its radius. The cylinders used were
copper screening cans supported on lengths of small-diameter
thin-walled paxolin tubing, and a correction was applied for
the extra capacitance due to the presence of this support. The
plane was represented by a copper sheet 5 ft. square, which
check measurements showed to be sufficiently large to avoid
errors. The measured capacitances were all greater than the
values calculated from Kirchoff’'s formula. As could be
expected, the percentage difference increased as either H or D
was increased with respect to R, with the smallest ratios of
H/R and DJR, i.e., 1-01 and 0-12 respectively, the calculated
capacitance was only 7 per cent. lower than the measured, but
with H/R = 5-94and D/R = 1-92 the difference was 47 per cent.

The results of the capacitance measurements have been
expressed in terms of the dimensionless parameters C/H, D/H
and R/H, and are shown in a convenient form in Fig. 1 and
these curves can be used to calculate the capacitance for a
wide range of tank dimensions.

Kirchoff’s formula may also be expressed in terms of these
parameters, thus

C R/H (
H_0278H D/H+ loge dm ( 2 ==

R/H | R/H
D/H (D/H)*

+, (D/H) loge (1 +2 gr)]

and this expression has been evaluated for R/H = 1-0, which is
the measured condition that most nearly approached Kirchoff’s
assumptions; the results are plotted on the curves of Fig. 1
for comparison. It will be noted that the general form of the
calculated and measured curves is similar.

It is estimated that the capacitance between a vertical
cylinder and a horizontal plane may be assessed to within
-5 per cent. with the aid of Fig. 1, which is quite ‘accurate
enough for the calculation of thermal resistances.




New-type Routiners for Automatic

Telephone Exchange Equipment

L. GREEN#

Part 2.—General Description of the Control Circuit

U.D.C. 621.395.365

This article describes the control circuit designed for use on all new-type routiners. It is shown that with this circuit as the standard
basis the requirements for individual routiners for various types of telephone exchange equipments can be catered for by the addition of
testing elements fitted on a unit basis.

General.
SIMPLE conception of the arrangements standard-
Aised for the new-type routiner is given in the block
schematic diagram of Fig. 1. It will be seen that the
Routine Control provides through-connection for the test
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F16. 1.—SiMPLIFIED BLOCK SCHEMATIC DiAGrAM oF NEW-TYPE
ROUTINER.

leads between the access selector equipment, selected by the
access distributor, and the test relay sets, selected by the
test distributor. These arrangements allow access selector
equipments and test relay sets to be varied according to the
individual testing requirements of the main equipment; the
Routine Control circuit being the same for all routiners.
Thus the routiner rack assembly and rack wiring is universal,
and includes the maximum wiring requirements and shelf
positions for the test relay sets. A full description of this
tack was given in Part 1 of this article.*

Because the Routine Control circuit is universal, a
description of the circuit arrangements is an essential
prelude to the circuit and testing principles of individual
routiners.

Routiner Access Points.

Hitherto, the access U-points used for routiner tests have
been U-points which existed for the normal circuit con-
nections of jack-in equipment and, because these were not
necessarily the best testing points, considerable limitation
was imposed on the design and scope of the tests. Arrange-
ments have now been made whereby all new main circuit
developments are examined in the draft stages to determine
the essential testing requirements and allocate suitable
testing points. In this way the access points are more
closely related to testing needs, and additional U-peints for
tapping into the circuit are now included in the manu-
facturing requirements of the main equipment.

Access Selector Equipment.

From the testing aspect, the access selectors serve as
distributors for extending the testing leads from the

t Executive Engineer, Telephone Development and Maintenance
Branch, E.-in-C.’s Office.
*P.O.E.E.]., Vol. 44, p. 147.

routiner to allotted U-points of the main equipment. By
accommodating the access selectors on the same rack as the
main equipment considerable cabling economy is effected,
and this method is adopted whenever a suitable rack layout
can be achieved without reduction of the total rack capacity.
For this reason uniselectors were chosen for use as access
selectors.

The access selector circuit serves equipment on a rack
basis; thus, the total number of uniselectors per access
circuit is dependent upon:—

(a) the number of test leads per item, and

(b) the number of items per rack.

Because more than one uniselector is necessary to cover
(a), a “group” of uniselectors is used in which the magnets
are stepped in unison.

The total rack capacity determines whether one or more
“groups” is necessary, because a single group of 25-point
uniselectors will only serve 20 equipments. Further groups
are added as required and the adoption of 25-point or 50-
point uniselectors is determined from the economics of the
individual case.

RoutiNnE CoNTROL CIRCUIT

This circuit exercises control of the progress and sequence
of testing in all its stages, and the general layout is shown in
block schematic form in Fig. 2.
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It will be observed that the test leads are direct connec-
tions between the access equipments and the test relay sets;
a maximum of 39 such leads is provided. Certain leads,
which provide for switching and holding ‘“‘test lines,” or
control of RT (routine test) relays, are extended via appro-
priate controlling relay sets.

Connection to the test leads is controlled, on one hand, by
the access distributor, which selects one of 49 racks, and, on
the other hand, by the test distributor which controls the
connection of up to 45 test relay sets in sequence.

19



Routining may be started either by manual (key)
operation or from an automatic (clock) start signal; in the
latter case the control circuit is prepared for the automatic
docketing of faults.

Automatic Testing Sequence.

The “clock” start signal initiates start conditions for the
following sequence of operations:—

(1) Docketing. A docket is printed with date, time and
serial number, followed by the routiner designation, main
equipment rack position number and the start characters
“STRT.”

(2) Access selector normal test. Check is made that access
selectors on all racks are normal, i.e., in the home position.
This is necessary because each test lead is common to the
wipers of access selectors on all racks; the home position
outlet being unwired isolates that rack equipment from the
test leads.

(8) Access distributor stepping. If the distributor, which is
non-homing, is standing on an unequipped rack position, it
is stepped to the next equipped position.

(4) Access selector stepping. The access selectors of the
rack selected under (3) above, are moved off-normal to the
first equipped position on the rack, counting from shelf
position Al.

(8) Access selector normal guard. A guarding circuit is
applied to ensure that all access selectors, other than those
in use by theroutiner, remain in the normal position through-
out testing.

(6) Common test equipment check. Test is made that each
common test relay set is working correctly and within
tolerance limits.

(7) Test distributor stepping. Each test relay set is con-
nected to the test leads in sequence, the start test condition
of each relay set being dependent upon the clear-down of
the previous test relay set. (At this stage the tests are
applied to the main equipment from the test relay sets.)

(8) Alarm delay. Either 30-60 sec. or 3-6 min. delay
period may be introduced under fault conditions according
to the test being made.

(9) Fault tndications. Faults are classified under two head-
ings: “routine fault” and “‘routiner fault.” The former is
indicated as one of four faults in each of 45 test relay set
positions. The routiner faults are printed under one of seven
sub-classifications.

(10) Fault docketing. Completion of the alarm delay period
applies conditions for the printing of a docket, giving, for
routine faults, the date, time, serial number, routiner desig-
nation, rack number, shelf, shelf position, test relay set
numbgr and fault number; for routiner faults, the date,
time, serial number, followed by the abbreviation “RTR”
and one of seven abbreviated fault conditions are printed.

The circuit elements for the routiner control sequences
just described are given in the following sections. The ele-
ments are extracts from the routiner control circuit and
serve as a guide to the circuit operation and demonstrate
the step-by-step method whereby localisation of routiner
failures may be indicated. Notes on the operation of each
element and an explanation of the circuit principles are
given, but these do not necessarily explain in detail the
functions of all relays and contacts.

Awutomatic Start and Docket Printing Start (Fig. 3).

Automatic start is initiated by the operation of relay AS
from the clock start lead. Relay ST then prepares the
various elements for use (hence, contacts of relay ST will
appear in Figs. relating to other circuit elements).

Relay DM is operated and locked, and extends a docket
marking earth to indicate printing of the start characters
“STRT;” DM also operates relay PT which applies the
starting earth for docketing. With completion of the print-
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ing operation by the docketing machine, earth is returned
to operate relay PN which is then locked. PN releases relay

.PT which removes the docketing start condition and

operates relay PS to provide a signal for the commencement
of the next sequence. Failure to print a docket for any
reason will prevent the operation of PS and a “docket
fault”” lamp indication is given.

Relays AS, ST, DM, PN and PS remain held until the end
of the testing period, when the clock stop signal applies earth
to short-circuit the holding coil of relay AS. Relays ST and
DM release; the latter prepares the “STOP” marking to the
docketing machine and re-operates relay PT to start print-
ing. At the end of the printing operation the ‘‘printing
finished” earth signal now short-circuits relay PN, allowing
release of relays PT and PS, and restoring the circuit to its
normal condition.

Access Selector Normal Test (Fig. 4).

The operation of relay PS from the previous automatic
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F1G6. 4.—AcCESs SELECTOR NORMAL TEST.

start sequence, extends battery to the AN relay of the access
selectors on the first rack of equipment. With the access
selectors normal, relay AN operates via the home contacts
and wipers of each uniselector on the first rack, and extends
a battery signal to the AN relay of the second rack, and so
on, the last AN relay signal being returned to operate relay
ASN. The operation of relay ASN is registered by operating
relay SNO, which disconnects the PS battery, thereby
releasing all access selector AN relays. The resulting release
of relay ASN is registered by the operation of relay SNR in
series with SNO; SNR starts the next sequence.



This preliminary release of relay ASN proves that the
operating conditions were not due to a fault; for example, a
battery contact, or AN contact short-circuited, would hold
the whole or part of the chain and give permanent
“operate” signal conditions, this being indicated on the
“relay SNR” alarm lamp. Failure to operate relay ASN,
due to any disconnection in the chain circuit, results in
“access selector off-normal” fault lamp indication.

Access Distributor Stepping (Fig. 5).
The use of non-homing uniselectors facilitates the appli-
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F1c. 5.—AcceEss DISTRIBUTOR STEPPING.

cation of automatic start/stop, a routine being re-
commenced from the point of its previous termination.
Because two uniselectors are necessary to give therequired
number of arcs, the circuit includes arrangements for
maintaining their synchronisation, together with the facility
for stepping over outlets which may not be equipped
initially.

The operation of relay SNR in the previous element
completes a driving circuit for the ADB magnet dependent
upon relay CDA which operates with synchronisation of the
two uniselector positions. The SNR earth is then extended to
the unequipped or equipped terminals, an unequipped strap-
ping causing a step to be made on ADA magnet and re-syn-
chronisation follows, this continuing until an equipped
position is reached when relay EQ is operated. Seizure signal
is applied by EQ to the selected rack access equipment AS
relay. The circuit remains in this condition until all items on
the rack have been tested, when a (rack completed) signal
applied to relay AFR allows release of EQ and provides a step
to the ADA magnet; re-synchronisation on an equipped rack
follows.

When all racks have been tested, the operation of relay
RCF, on the last outlet of arc ADA, prepares for re-
commencing the control sequences and provides for the
docket marking “routine finished.” A failure in the opera-
tion of the circuit is indicated by the continuous glowing of
one of the classified fault lamps.

Manual positioning of the distributor preparatory to
testing is effected by key KDS. With relay DS operated, a
continuous stepping circuit for the distributors is completed.
The distributor position is given by lamp display on the
control panel and enables any rack to be selected for testing.

Access Selector Stepping (Fig. 6).

With the access distributor positioned on the rack to be
tested, the operation of EQ (Fig. 5) releases relay TFA,
which was pre-operated by the start condition. This
releases the cyclic relays AD, AR and AC, giving a pulse to
relay SA to step the access selectors; interaction on the
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cyclic relays is maintained by earth from the UN (un-
equipped) terminal until an equipped position is reached,
when the earth operates relay EQA which then applies a
battery signal to start the next sequence (see Fig. 7).

The circuit remains in this condition until the cycle of
tests has been made when the test distributor (Fig. 9)
extends earth to re-operate relay TFA. Re-operation of the
cyclic relays follows and relay EQA is released. The release
of EQA releases the next sequence (Fig. 7) in readiness for
the next test cycle, and the test distributor homing releases
relay TFA which then frees the cyclic relays to step the
access selectors.

Manual positioning of the access selectors preparatory to
testing is effected by key KAS. With relay ST normal, relay
SAA completes a circuit for the interaction on the cyclic
relays. The access selector position is displayed on the
control panel in terms of shelf and shelf position, enabling
any item to be selected for test.

Access Selector Normal Guard (Fig. 7).

The operation of relay EQA when an item has been
selected for test, provides battery to re-operate the access
selector AN relay chain, described under Fig. 4. Since,
however, the rack in use has its selectors off-normal, an
alternative path is now provided by the bank wiring on the
distributor arcs. It will be observed that the wiring between
these arcs is “slipped” so that the position on which the
distributor stands is bridged by the control circuit. This
completes a circuit for the AN relay chain and relay ASN
is operated and extends a start signal to the circuit of the
stage following, but, should any other access uniselector be
moved off-normal testing is stopped by the release of ASN
and alarm indication is given.

Common Test Equipment Check (Fig. 8).

With the operation of relay ASN in the previous
element, start conditions are applied to this circuit to
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initiate checking the Common Test Relay Sets; the operation
of relay CS stepping the uniselector to the first outlet. Each
common test relay set has a check start relay which applies
suitable testing conditions within the relay set, these being
in the form of upper and lower tolerance limits. With
successful test to one limit, earth is returned via arc CUS3;
this prepares the magnet stepping circuit by the operation
of relays PD and PE, the latter returning earth on wiper
CU4 to change-over the test to the other limit. Successful
test of the second limit removes the earth from arc CU3 and
the resulting release of relays PD and PE steps the uni-
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selectors to the next common test relay set; self-drive over
unequipped positions is made via arc CUS,

When all common test relay sets have been tested, relay
CT operates from the last contact of arc CU2 and the relay
is then locked until the end of the routine cycle. Failure to
complete a test prevents stepping of the check uniselector
and a “‘common test fault” is indicated.

The operation of relay CT extends the start signal to the
next stage, which may be the seizure of ““test lines” (for
group selector tests, etc.) and/or to verify that the “call
trap” is not held before a further routine test (RT) relay is
operated on incoming circuits.

Test Distributor Stepping (Fig. 9).

The ASN relay battery signal of Fig. 7 is extended from
the previous circuit (Fig. 8) to operate relay STA, which
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applies earth to operate relay TL of the first test relay set
via arc TA3. STA also operates relay SX when arcs
TA4 and TB3 are on the same outlet, and battery is then
extended via arc TB2 to operate the test start relay (TS).

At this stage, test conditions are applied direct from the
test relay set via the test leads and access selectors, to the
equipment under test, and during the test, earth is returned
on lead TC operating relay S and preparing a stepping circuit
for the TA magnet. Completion of the test is indicated by
removal of the earth from lead TC, and the release of relay S
allows the TA magnet to step; this operates relay TL of the
next test relay set, via arc TA3, in readiness for the second
test.

The step on the TA magnet releases the synchronising
relay SX which removes the start signal from the first test
relay set and also introduces relay AM in the common earth
lead (AL). AM relay operates via battery-connected relays
of the test relay set, until the relay set has completely
cleared down, when the resulting release of relay AM com-
pletes a stepping circuit for the TB magnet. Re-operation



of SX follows and a start condition is now applied via arc
TB2 to the second test relay set.

This method of controlling test relay sets in two stages
provides the facility for maintaining hold conditions to the
equipment under test between successive tests, and ensures
that a subsequent test is not applied before the test leads
have been cleared from previous test conditions. In
addition, the use of AM relay on the AL lead forms part of
the “self test” feature of test relay set circuits which will be
referred to later.

The failure to synchronise, or the failure of a test relay
set to release, gives appropriate fault lamp indications.

When the distributor is stepped from the position of the
last test relay set, relay TF is operated via arc TB4, and its
contact applies earth to the access stepping circuit (Fig. 6,
relay TFA); this results in the release of relay STA and
allows the distributors to home in readiness for the next test
cycle.

Alarm Delay.

During the setting up of the routiner and the subsequent
application of test conditions, as outlined in Figs. 3t0 9, a
delay is required to “hold-off”” the alarm during the time
for successful-completion of the tests. This alarm delay is
provided by a circuit within the routiner which arranges for
two delay periods; the shortest, 30-60 sec., covers the
majority of test conditions, whilst 3 to 6 min. caters for
those instances where the test is in itself longer than 30 sec.;
for example, waiting on a busy circuit, or forced release
tests.

In either case-the circuit operates the alarm relay at the
end of the appropriate period, the relay then lockmg
dependent upon:—

(a) step-on conditions (at the end of docketing),

{b) re-set of the test cycle (by manual control),

(¢) clear of the fault. .

In the latter case the alarm circuit is released by the
operation of the magnet alarm pilot relays of either the
“check” uniselector or the test distributor, this also re-
sets the time pulse between successive tests. From this
it follows that the preliminary operations ‘“‘access selectors
normal,” “‘access distributor stepping” and ‘‘access
selector stepping” are expected to be completed within
30 sec. and the alarm is then reset by the first step of the
“check” uniselector.

Fault Indications.

In the foregoing description of the circuit elements used
for control, an attempt has been made to show that the
stages are in a progressive sequence in which a failure breaks
the sequence and stops the routine. Moreover, the failure is
localised to the point at which the sequence is broken, and
indicated accordingly. The circuits so far described have
been wholly concerned with the preparation of the routiner
for the application of tests and a failure in these circuits is
classified under the general heading of ‘‘routiner faults,” the
sub-classifications being provided by the particular indica-
tions as shown in the diagrams.

The design of individual test relay set circuits arranges
for the selection of one of four fault lamps to indicate a
failure on the main equipment, and the provision of a pilot
relay in the lamp leads switches the alarm classification to
“routine fault.”” A fault on the main equipment is thus
indicated as any one of four in any of the 45 test relay set
positions, a total of 180 possible fault indications. This
improved fault indication should be of considerable assist-
ance to maintenance officers, the fault being localised to an
element of the circuit requiring attention.

As customary with routiners, fault indications are pro-.

vided at a main panel. With the increase in the displayed

faults the use of individual lamps and labels has been
abandoned in favour of an improved label panel. Lamps
provide the marking for test relay set numbers 1 to 45
horizontally, and faults 1 to 4 vertically, these forming “x
and y”’ co-ordinates locating one particular label.

For the indication of “routiner faults” the use of
individual lamps and labels has been retained.

Main and Auxiliary Control Panels (Fig. 10).
The circuits for manually controlling the routiner have
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Fic. 10.—MAIN AND AUXILIARY CONTROL PANELS.

been designed to operate with auxiliary panels, the essential
arrangement being that controlling keys operate relays to
give the necessary circuit control. This readily permits the
“teeing”’ in of other panels as required and interference
between panels has been avoided by a guarding circuit which
gives exclusive control to the panel by the operation of its
“start” key.

A simplified circuit is shown in Fig. 10. It will be seen
that each panel has a connecting relay for associating its
keys with the appropriate controlling points. The operation
of a start key at any panel operates its EC relay provided
that no other EC relay is operated. The operation of an EC
relay applies an earth to shunt the operating path of the
other relays and operates a relay in the control circuit to
permit manual operation to be made independently of auto-
matic start/stop and docketing conditions.

The fault lamps and control keys are repeated at each
panel, and lamp indication is given of the panel taking
control. A ‘speaker” circuit provides means for co-
operation between users at different panels.

FAULT TRANSLATION AND DoOCKETING CONTROL

The routiner circuits have been designed for fully auto-
matic operation; this has necessitated the addition of ““clock”
start and stop signals, and docket recording of faults.

The developments of the routiner and a docketing
machine (to be described in a later article) have progressed
concurrently. For the purposes of this description, it will be
sufficient to say that the machine provides for the printing
of any of 45 characters, these covering the letters of the
alphabet, numerals 1 to 10, and a number of miscellaneous
characters. The control circuit limits the number of
characters printed to 23 per docket. Printing is started by
the operation of a start relay. The marked character, i.e. one
of 45, is found by hunting action and the type-head is
carried to the printing position; the operation of a magnet
then imprints the docket. The printing magnet springs
provide a signal for the next character to be marked and so
on. With the completion of 23 characters, a ‘‘docketing
completed” signal is given.

The machine is controlled from a fault translation circuit
which includes a routiner hunter enabling one machine to
serve up to 16 routiners. The general principle of the
operation is shown in Fig. 11, in which the printer characters
have been depicted in the form as printed on the docket and
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in the order of printing. The sequence of circuit operation is
started by the operation of a routiner alarm relay which
marks the routiner hunter bank (RH1) and applies starting
earth to relay ST. The routiner hunter (RH), arriving at
the calling position, is stopped by the operation of relay
RHA, which transfers driving conditions to a classification
marking switch (CM). This switch hunts for one of three
main classifications (two of which include sub-classifications)
marked by the routiner concerned. When this marking is
found the operation of relay CH disconnects the drive and
prepares the docketing machine by the operation of relay
PS. At this stage relay K is operated, its operating path
being dependent upon the selected classification which
requires that certain characters be derived via a marking
switch in the routiner. The operation of relay K extends
earth via arc CM2 to the docketing machine, where the
marked character is printed on a docket; successful comple-
tion of this action provides a stepping circuit for the MD
magnet by the operation and release of relay SA, thereby
marking the next character.

Part 1 of this article referred to the fact
that tests applied to equipment should be
“positive.” In addition, it is required that the
testing circuit should be “self-testing,” that
is, a fault condition arising in the testing circuit should
not go undetected, because of the probability that such a
condition would neutralise the positive testing feature.
These basic requirements have influenced test relay set
circuit design so that, although the circuits differ in the
details of their tests, they have a similarity in their circuit
principles. Some of the tests require the use of devices
which could not be accommodated within a test relay set
even if it were economical. For example, timing tests would
require the timing device on each test relay set concerned
with such measurements; to avoid this, a common timing
device has been provided and made available to test relay
sets as required. Circuits in this category have been made
available to any test relay set and are referred to as
“common test relay sets.”

In the next part to this article, outline principles of test
relay set circuits will be given and also the principles
adopted for the common test circuits, the latter being
arranged so that any particular type of test uses a standard
circuit with application to any routiner.

(To be continued)

Book Review

““A Guide to Plastics.” C. A. Redfarn, B.Sc.,
Tliffe. 112 pp. 32 ill. 7s. 6d.

Dr. Redfarn opens with a statement that this is not a text-
book, but rather a condensed guide for the reader who wants
some general information on what plastics are and what they
can be used for. Thisis a modest description ; a large range of
plastic materials is described in sufficient detail to give anyone
who is interested a fair idea of their performance and possible
applications. A later section gives a sufficient description of
current methods of fabrication.

The author has chosen his way- deliberately, but the
treatment is not always consistent; for example, on page 37,
“The acetic acid for the production of vinyl acetate is obtained
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by the oxidation of ethyl alcohol obtained by the fermentation
of molasses or starch,” but on page 30 acetic acid for the
production of cellulose acetate is just mentioned by name.
Other similar examples occur and it might have been better to
group the raw materials together and briefly describe how they
are made—or to leave this out altogether.

The reader should be careful about temperatures; sometimes
they are Celsius (Centigrade) and sometimes Fahrenheit; after
reading that P.T.F.E. shows decomposition at 200°C (page 43),
it was startling to read that nylon mouldings can be used under
load at 275°F (page 46). The reviewer’s mental adjustment to
the change of scale was not immediate.

An excellent and readable guide for those who need an
acquaintance with the field of plastics, but not complete
enough for the professional. C.E. R.



A Millisecond Timing Unit

U.D.C. 531.76: 621.389

J. E. HAWORTH, AM.LEET

The author describes an electronic timing unit designed to count intervals up to 10 seconds in half millisecond units with an accuracy of
+ 0-5 millisecond in a full count of 10 seconds. The recording meters step to zero and continue counting at the expiry of 10 seconds so that
any time interval may be measured if the number of 10-second periods is separately recorded by the operator.

Introduction.

N voice-operated switching equipments, such as are used
Iat the Radio Telephony Terminal, it is important that the

“operate’” and “‘hang-over’’ times should be accurately
measured, and the timing unit here described was developed
to make such measurements as may be necessary during the
installation and for the maintenance of the equipment. The
instrument operates by counting the number of cycles of a
timing wave that occur in the interval to be measured and
is a particular application of the electronic switching tech-
nique described in recent issues of the Journal.l,2

CIRCUIT DESCRIPTION
General.
The unit has been designed to measure the time interval
between two particular events where each event may be:—
(@) arrival of a tone, usually 1,000 c/s,
b) cessation of a tone,
) application of an earth,
) removal of an earth,
e) change of potential from 0 to —50V with respect to
earth potential, or
(f) change of potential from —50 to OV with respect to
earth potential.
For (e) and (f) the —50V is obtained from a battery having
its positive terminal earthed. It is also possible to measure
the duration of a tone from its application to removal or, if
a continuous tone is applied, to measure the duration of a
break of the tone from its cessation to restarting. The
operation can probably best be followed by reference to
Fig. 1. If we consider that the incoming signals are tones,
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F1G. 1.—BLoCK SCHEMATIC DIAGRAM OF MILLISECOND TIMING UNIT.

then the two signals will be connected to the start and stop
L.F. amplifiers. On the arrival of the start signal it is first
amplified and then rectified and applied to a D.C. amplifier
which operates the start-pulse generator, thereby producing
a sharp negative pulse. This negative pulse operates the
gate-control trigger circuit which opens the gate circuit,
thereby allowing the output from the 2,000 c/s oscillator to
be connected to the counter circuit. On the arrival of the
stop signal the stop-pulse generator produces a similar
negative pulse which now closes the gate and the 2,000 ¢/s
oscillator is cut off from the counter circuit. During the
time that the 2,000 c/s oscillator is connected to the counter,
each cycle of oscillation operates the counter and the total

+ Executive Engineer, Transmission and Main Lines Branch-
E.-in-C.’s Office (formerly with the Radio Experimental and Develop-
ment Branch).

1 T. H. Flowers. ‘‘Introduction to Electronic Automatic Telephone
Exchanges.” P.O.E.E.]., Vol. 43, p. 61 and p. 177. Vol. 44, p. 10.

2 K. M. Heron, H. Baker and D. L. Benson. ‘“An Experimental
Electronic Director.” P.O.E.E.J., Vol. 44 p. 97.

count is recorded on the meters. Since each cycle represents
an interval of half a millisecond the meters count in units of
half a millisecond, and a total count of 10 sec. can be
recorded. After the full count all the meters return to zero
and carry on counting so that there is no limit to the time
interval that can be measured if the number of full counts is
recorded separately. The accuracy of the count is absolute
and any timing inaccnracy is due to the time delay in the
amplifiers and the frequency inaccuracy of the 2,000 c/s
oscillator. These errors, however, are small compared with
0-5 mS so that the accuracy of timing can be guaranteed to
0-5 mS in a full count of 10 sec.

A reset key, manual start and stop keys and a slow-count
facility for monitoring purposes are included.

The CV 1988 double-triode valve is used throughout,
except for the power rectifiers and diodes. This one type has
been adopted to simplify maintenance; the small improve-
ments that might have been obtained by using other types
of valve for the amplifier and oscillator did not warrant their
use. Where these valves are used in trigger or counter
circuits in the diagrams illustrated, the half which passes
current when the unit is in the RESET condition is shown by
an arrow, thus 4. This has been done so that the operation
of the circuits can be more easily followed.

Input Amplifiers and Pulse Generators.
The circuit diagram of theamplifiers is shown in Fig.2 and
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F16. 2.—Circuit OF INPUT AMPLIFIERS AND PULSE GENERATORS.
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it will be observed that the start and stop circuits are similar.
The first valve is an L.F. amplifier so that measurements can
be made using low-level 1,000 c/s tones. The full-wave
rectifier converts the signal to a positive D.C. voltage which
is amplified by a D.C. amplifier stage and operates a trigger
circuit. The leading edge of the square wave produced by
the trigger circuit is differentiated 4nd so forms the start
pulse required to operate the gate-control trigger circuit.
Since the only object of the L.F. amplifier is to produce a
signal of sufficient amplitude, after rectification, to cause an
appreciable change of voltage at the anode of the D.C.
amplifier, and since the absolute value of L.F. amplification
required is not critical, a variable gain control would be an
unnecessary complication; for this reason one has not been
fitted. A variable cathode-bias resistor has been fitted,
however, to adjust the D.C. current of the D.C. amplifier
valve to 1-5 mA. This is a preset control which is adjustable
from the rear, and as the setting is not critical it only requires
adjustment when the valve has aged appreciably or is
changed.

The gain of the first stage of the L.F. amplifier at
1,000 c/s is 40 db., and a 1,000 c¢/s tone will produce a start
pulse at the output provided the amplitude is not less than
—34 db. relative to 1 mW into 600 ohms. Large input levels
of the order of 1 mW into 600 ohms will only produce over-
loading of the first valve and a more rapid rise of the D.C.
signal produced by the full-wave rectifier, and will not affect
the overall accuracy of the measurement. On signals exceed-
ing + 10 db. relative to 1 mW into 600 ohms break-
through may occur, producing a false signal. A large signal
input, of course, means a large D.C. output from the full-
wave rectifiers, so that on the removal of the tone the time
taken for this to decay to the change-over point of the
trigger circuit might be more than is tolerable; a limit-
ing rectifier is therefore connected across the output. A
delay voltage is obtained by connecting the rectifier to
the cathode of the first valve. For accurate measure-
ments it is essential to keep the time-delay through the
circuit, from the occurrence of the signal to the initiation of
the pulse, down to a value small in comparison with the
smallest interval of time that can be measured,in this case
half a millisecond; and so, by attention to time-constants
of the circuit, the total time-delay through the circuit has
been reduced to less than 0-05 mS, this delay being independ-
ent of the input level.

A three-bank switch is associated with each circuit so that
the incoming signal whether it be a tone or a change of D.C.
potential, etc., can be connected to the appropriate part of
the circuit in order to produce, ultimately, a start or stop
pulse. The two switches are independent so that the start
and stop signals need not be of the same kind. The
switch positions are:—

1) Apply tone.

) Remove tone.

) Tone duration.

) Tone break.

) Apply earth.

) Apply negative battery.
) Remove earth.

(8) Remove negative battery.

When in position (5) or (6) the input terminals are con-
nected through to the gate-control circuit so that a start or
stop signal may also be obtained by applying a suitable
negative pulse of about 10V amplitude.

(

@
(3
(4
(5
(6
(7

Gate Control Circuits.

The circuit of the gate control is shown in Fig. 3 and the
operation is as follows:—

When a negative start pulse is received the first trigger
circuit is operated, and a negative pulse is produced at the
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F16. 3.—GATE AND CONTROL CIRCUITS.

anode of the second half of the valve, which in turn operates
the second trigger circuit. The second half of this trigger

" circuit is now cut off and the anode potential rises. The grid-

cathode potential of the gate valve, which was previously
much greater than the cut-off bias required for the valve, is
now positive, but limited by the flow of grid current to a
low value. The 2,000 c/s output from the crystal oscillator
is sufficient to sweep over the valve grid-voltage base so that
the valve, if considered as an amplifier, is well overloaded,
and a square-wave output is obtained from the anode circuit
of the final valve.

If now a negative stop signal is received the second
trigger circuit is again operated, so that the gating valve is
once more heavily biased, and the 2,000 c/s oscillations are
blocked. Any further incoming pulses, whether positive or
negative applied to either start or stop input circuits, will
have no effect on the triggers, so that the circuit isnowin a
stable condition. To prepare the circuit for a further
operation the trigger circuits must be restored to their
original condition by pressing the RESET key in the counter
circuit.

A manual start and stop key is included, so that the
operation of the circuit can be checked without resorting to
external signals.

The Oscillator Circuit.

‘When making measurements of short time intervals the
discrimination required is of the order of half a millisecond,
and with the form of timing instrument described, which
counts each cycle or pulse fed to it from an oscillatory
source, the lowest frequency of oscillation that could be used
is 2,000 c/s. If itis attempted to make the error less than the
discrimination of the instrument, then taking the full count
as 10 sec. in half millisecond steps the accuracy required is
better than 1 part in 20,000. After considering what form
of oscillator to use it was decided that a crystal oscillator
using a 5° X-cut bar crystal oscillating in a flexure mode at
2,000 c/s would be most suitable. The oscillator circuit is
shown in Fig. 3. No form of tuning is required as the crystal
itself provides the frequency-selective element and the
phase-shift necessary to maintain oscillation.



- To ensure the build-up of
oscillations, it is necessary to
make the loop phase-shift 2=

radians (this is provided by the
valve and crystal) and theloop
gain greater than unity. If
the loop gain is very much
greater than unity, there is
danger of overdriving the
crystal and breaking it, where-
as if the loop gain is only
sufficient to maintain oscilla-
tions undernormal conditions,
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adverse conditions, but the 100 -

amplitude of oscillation is DECADE

controlled by a simple form of e VALVES:-

automatic gain control. Since DECADE St TS cvses

purity of waveform is not SATE
required the buffer valve is
allowedtopassgridcurrentand
the D.C. voltage developed is
used as grid bias to control the
gain of the oscillator valve. The double-triode valve used is
particularly suitable for this circuit, as it not only provides a
compact arrangement but it is impossible to remove the
buffer valve, thereby removing the A.G.C. and endangering
the crystal, without at the same time stopping the oscillator.

The Counter Circuit.

In order to measure and display from one-half milli-
second to 10 sec. a counter is required which will record up
to 20,000 units and this has been provided by using one
binary circuit and four decades, the binary being combined
with the first decade to register a count of 20 units. The
main essential of a counter of this description is reliability,
and to this end it should be independent of valve changes,
power-supply fluctuations ornormal component ageing. The
counter should alsobe easy to maintain andrepair, so it should
contain as few valves as possible, and the required com-
ponent values should have wide tolerances. It is considered
that the counter that has been developed meets these
requirements.

The basic binary circuit that has been adopted is shown
in Fig. 4 and the component values have been chosen to give
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F16. 4 —Basic CircuiT oF BINARY COUNTER.

a bi-stable trigger circuit. On receipt of a negative pulse the
passing valve is blocked, the circuit potentials relax and are
controlled by the time-constants R, C, and R, C,, R, C,
being much longer than R, C;, so that the valve which was
previously blocked reaches the passing condition first and a
second stable condition is reached. On receipt of the second

F16. 5.—THE COUNTER CIRCUIT.

negative-pulse the circuit reverts to its former condition,
thus giving a count of two. The initiating pulses are supplied
from the gate circuit which passes one negative pulse per
cycle of oscillation, i.e. one negative pulse per half milli-
second, when in its open condition. The operation of a
decade counter is as follows:—

When the RESET key is pressed the second valve of each
pair will be in the passing condition, as indicated by the
arrows in Fig. 5. When a negative pulse is received the first
counter stage will trigger and take up a stable condition with
the first valve of that pair passing. A positive pulse is
generated at the second valve anode, but, as the following
binary circuit is insensitive to positive pulses, it remains in
the condition indicated. The first valve of the first counter
circuit is now passing and a count of one unit is indicated on
the meter, as explained later. On receipt of a second
negative pulse the first counter reverts to its original con-
dition and in so doing a negative pulse is generated in the
anode circuit of the second valve which causes the second
binary stage to trigger. The meter now indicates a count of
two.

Continuing in this manner and assuming that the meter
will indicate four if only the third stage is triggered and
eight if only the fourth stage is triggered, it will be seen that
with four stages a count of 24 is possible in unit steps. To
convert this to a decade count the diode gating circuit is
introduced. Normally the diode is passing freely but, on the
eighth pulse being received and the fourth stage triggered,
the valve is blocked by the D.C. potentials. The ninth
pulse operates the first stage in the normal manner, but the
tenth pulse which restores the first stage cannot trigger the
second stage; it does, however, trigger the fourth stage, and
so all stages are back to the original condition. Various
methods of coupling between binary stages have been
devised by various workers, but the direct coupling between
anodes which is used has been found simple and reliable.

The circuit can be set to its initial state and prepared for
the next count by pressing the RESET key which simply
applies a positive potential to the second valve of each
binary circuit. .

The tolerances of the components in the counter circuits
are not critical and changes of more than 4-20 per cent. can
be tolerated without affecting the counting action, whilst
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changes of over 50 per cent. in the components associated
with the diode-gating valve can be tolerated without up-
setting the gating action. The valves act only as switching
units, and valve changes have no effect on the counting
action, or on the current flowing in the valve when in the
passing condition. The valve current is, however, dependent
on the H.T. supply voltage, as explained later, although the
counter will continue to count with an H.T. supply ranging
from under 150V to more than 300V.

Register of Count.

Several methods of registering the count of this type of
circuit have been devised,3%5 the most common being some
form of neon lamp arrangement. For the present purpose it
is required that the display should be easily and rapidly
observed so that a series of measurements will not prove
tiring to the operator. For this reason it was decided that
the most suitable form of display would be to register the
count of each decade on a meter calibrated from 0 to 9, with
the last meter registering the count of the binary plus
decade unit marked in half unit steps to register half milli-
seconds.

The method of metering of each decade, developed for use
with this unit, can be followed from Fig. 6,and it will be seen
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Fi1G. 6.—PrINCIPLE OF METERING CIRCUIT.

that, in effect, the meter measures the potential across the
cathode resistors, It can be shown that to obtain an
accurate register and to ensure that the meter reading in-
creases in unit steps, say ¢, according to the combination of
valves, each of which passes a current 7, the following
conditions must hold:—

R,=R,
Ry = 2R,
R, = 4R,

— 4 RO
I—1<E1+8>

and so for finite values of R,

. I

1 < g
The valve current I is of the order of 3 mA and the meter
current increases by 100pA per count.

If the meter reading is to be easily read the needle should
not be more than one-third of a division away from the
registered number, so that a reading accuracy of better
than 4 per cent. is required on the full-scale deflection. Some
degree of compensation can be made by adjusting R, of
Fig. 6, and, although this scheme cannot be used to make
all readings correct, it proves useful ; R, has been made a
preset screwdriver control easily adjustable from the front
of the instrument. Arrangements have been made to set the

3 Grosdoff. ““An Electronic Counter.” R.C.4. Review, Sept. 1946,
p. 438.

*West. “An Electronic Decimal Counter Chronometer.”
Electronic Eng., January 1947, p. 3; February 1947, p. 58.

5 Baker. ‘A Direct Reading Indicator for Electronic Counters.”
Electronic Eng., April 1948, p. 112.
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count to 9999 when desired and each meter can be adjusted
to read correctly for this condition. All other readings can
then be read with accuracy. This preset adjustment com-
pensates for H.T. voltage changes.

The accuracy of the readings is also dependent on the
stability of the valve current I. If we consider the valve
current when in the stable condition with reference to
Fig. 4, then, provided R, << << R, + R;, the valve current [
is almost inversely proportional to R, and directly propor-
tional to the supply voltage, and isin fact almost independent
of the valves. R, has therefore been made a Grade 1 high-
stability resistor and, as mentioned above, supply-voltage
changes can be compensated by the meter series resistor R,

Monitoring.
A useful feature of this timing unit
is the ability to observe the operation

of each part of the circuit so that gcfbﬁ
maintenance and fault-finding are simpli- -
fied. The meter associated with the 1

fourth decade can be switched to
measure the H.T. supply or the current
flowing in the valves, the circuit being
shown in Fig. 7.

The counter unit is more or less self-
monitoring, but toenable theincremental
steps of the meters to be observed more Fic. 7._ConnecTIONS
easily, arrangements have been made to OF
substitute the 2,000 c/s timing wave by MONITORING SWITCH.
the 50 c/s mains supply.

it C:'o—-cv% '

MONITORING RESISTORS

Power Supply.
The power supply circuit is shown in Fig. 8. A 200/250V

6-3VSUPPLYA

F1c. 8.—PowEeER SuppPLy CIRCUIT.

50 c/s supply of about 150W is required and the power unit
is designed to supply 250V, 80 mA for H.T. supply and
6-3V, 16 amps. for heater supply. The cathodes of the
valves in the gate and control circuits and the counter
circuits, shown in Figs. 3 and 5, are connected to earth
through a 2,000-ohm resistor to provide a bias voltage of
100V. Two heater supplies are provided since the maximum
recommended cathode/filament potential of a CV 1988
valve is 90V. The 6-3V supply to the heaters of the gate,
gate-control and counter circuits is maintained at the 100V
cathode supply potential, the remaining valves being directly
connected to earth.

The 50 ¢/s supply required for the slow-count condition is
taken from the transformer secondary via a 1uF capacitor.

Construction.

The appearance of the unit can be-seen in Fig. 9. The unit
is mounted on a 19-in. X 12%-in. steel panel under a 103-in.
deep dust cover.

Two pairs of input sockets are provided, being connected
in parallel on both start and stop circuits, so that if a
terminated measurement has to be made the terminating
resistor can easily be plugged into the second pair of






An Approach to the Standard Equations
for a Uniform Transmission Line H.R. Harbottle, 0.8.£. Bsc. D.FH. MLEET

Part |.—Propagation of Current and Voltage in Chain of Symmetrical Resistance Networks

U.D.C. 621.3.09

In this article the author derives the standard equations for a uniform transmission line in a manner which avoids the use of differential

calculus. The propagation of current and voltage in a chain of similar symmetrical resistance sections is considered in Part 1. Part 2

will show how the results obtained are applied to the general case of propagation through a chain of impedance sections, simulating the
uniform transmission line.

Introduction.
HE subject of this article formed the basis of a
I recent informative talk to members of the London
Junior Centre of the Institution of Post Office
Electrical Engineers and the suggestion was made then that
the subject matter should be published so that students who
were not familiar with the solution of differential equations
would be enabled to obtain a better appreciation of trans-
mission line theory. The difficulties encountered by students
who are preparing for the City and Guilds of London
Institute’s examinations in this and allied subjects have
become increasingly apparent since the introduction of the
revised syllabuses in Telecommunications Engineering, and
it is felt that the following comparatively simple exposition
may prove to be of some assistance. In order to reduce the
length of the article, it has been assumed that the reader
possesses a working knowledge of alternating current theory
so that he can extend the arguments developed from con-
sideration of pure resistances to the more general case of
impedance networks.

CHARACTERISTIC RESISTANCE OF A SYMMETRICAL
NETWORK OF RESISTANCES

R W Consider the network of resistances
in Fig. 1. The resistance measured across
N 1440 ouT the. input terminals, when the output
terminals are open-circuited, as shown,
60 60 is obviously
Fie. 1. R,. = 60 -+ 1,440 4 60 — 1,560 ohms.

When the output terminals are short-circuited, the
resistance measured across the input terminals will be

120 x 1,440 . .
Ru = 60 + m + 60 = 230 8 Oth.
It should be noted that the geometric mean, \/ R...R,,

= 600 ohms.
When two such sections are joined in tandem, as in
Fig. 2(a), and the output terminals are open-circuited, then,

60 60 60 60
IN 1440 1440  ouTt
60 60 60 60 -
(a)
60 60 60 60
1440 1440
60 60 60 60
®) ©
Fic. 2.

as far as resistance measured across the input terminals is
concerned, the second section can be replaced by a resistance

1 Staff Engineer, Training Branch, E.-in-C.’s Office.
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of 1,660 ohms connected across the output terminals of the
first section. In this case (Fig. 2(8)),
1,680 x 1,440
R,,,, =120 —I— W— = 895 ohms.
Again, when the output terminals are short-circuited, the
circuit can be resolved to that of Fig. 2(c), from which

350-8 x 1,440
R" = 120 + W = 402-2 ohms.
Here also, \/R,. . R,. = 600 ohms.
By adding successive sections the results given in Table 1
would be obtained.

TABLE 1
No. of Sections Ree Rie VR Ry
1] o« 0
1 1,560 230-8 600
2 395 1022 600
3 715 504 600
1 650 554 600

etc.

If these results are plotted as in Fig. 3, it will be readily

1600

2 3
No OF SECTIONS
Fic. 3.

observed that both the curves for R,. and R,, are asymptotic
to a resistance value of 600 ohms, i.e. with a large number of
sections in tandem the resistance measured across the input
terminals would be 600 ohms irrespective of the resistance
which is connected across the output terminals. The
Characteristic Resistance, R,, of the network is, therefore,
600 ohms and it will have been observed that 4/R.. . R,, is

also 600 ohms.
i.e. Ry=1/R.,.. R,, or R, is the geometric mean of R,. and
R,.. (The student should check that the resistance measured
across the input terminals of a single

R B section is 600 ohms, if the output terminals
v are closed by a resistance of 600 ohms.)
In the general case of a symmetrical
R2 resistance network (Fig. 4), it will be seen
& B that:—
2 4 R
— 1
Fic. 4. Ru 2 + Ry



R 21>< 2
1
2 %_*_ R,

R.2
‘. Ry = V/R.. . R, = \/Tl + RR,

PrOPAGATION OF CURRENT AND VOLTAGE IN A CHAIN OF
SYMMETRICAL RESISTANCE NETWORKS

Returning to the original resistance network of Fig. 1,
when the output terminals of a single section are closed by
the characteristic resistance of the network (R, = 600 ohms)
the resistance measured across the input terminals will be
the characteristic resistance, 600 ohms, also. Any source of
electrical power connected across the input terminals will
have internal resistance and it will now be shown that

and R,, =

maximum power will be delivered to the load when the -

resistance of the load is equal to the resistance of the source.

Let the internal resistance of the source be R, ohms and

its e.m.f. e volts (Fig. 5). The power, W watts, delivered to a
load of R ohms wil be:—

1

e 2
W= R~ (5 R) R
e2
p— IT—-
FiG. 5. 72 + 2R° +R
To find when W is maximum, assume that:—
n=R
R2
and y, = —R" ory,.R = R}

The curves of ¥, and y, have been plotted in Fig. 6, with R
AR}

2RI

R,
2 i
RR-4"-4
4 s N\ i
Ro Ro Ro 2R, 4R,
a3 2 R ,
F16. 6.

as the independent variable. The first will be a straight line
through the origin and the second a rectangular hyperbola.

It will be observed that (y; + ¥, and, therefore
(v Y1 + ¥3 + 2Rg) —R, being regarded as fixed— will have a
minimum value When R = R,. For this condition, W is
maximum.

With such a source, the input current to the single-section
resistance-network (Fig. 7()) terminated in its character-
istic resistance R, (= 600 ohms), will be

e .
I, = 1,200 amps. (Fig. 7(a)).

From the point of view of the termination, the output
terminals of the network will appear as a source of e.m.f.
having an internal resistance equal to the characteristic

(¢

resistance R, (= 600 ohms). The magnitude of the e.m.f.,
¢,, will be the same as the potential difference across the
output terminals when open-
circuited. Hence, (Fig. 8),
e 2
€ l440><2160—3e
This is a particular example
of the application of
Thevenin’s theorem.

F1a. 8.
The current in the termination R, will be

2e e
I, = 3 — i
1= 3% 600 — 1,800 2™ps- (Fig. 7(c))
1,800 3
H -0 L = 2
ST T 1,200 T 2
e
Al _ ¢
so, V, 3
Z,
_a_3 _e¢
andV; =35 =35 =3
Vo _ 38
"V, 2

Generally, with reference to Fig. 9,
R
Ry (I, — I,) + (51 + R0>I1 =0
R
LR =1 (3 + R+ R,)

R
I, 7 TRAR 1 R
e *0_‘
orIIN ———__1—{—2 +R2 r (say).

N.B.—For the ongmal values of R; and R,,

1 240 600 3
=145 Tao 140~ 2

as above.

It should be noted that, although I, and I, have different
magnitudes, there is no phase difference between them,
since the network consists of pure resistances only.

When a second similar section, closed in its characteristic
resistance R, (= 600 ohms), is added in tandem to the first
section, the resistance measured across the input terminals
will still be R, = 600 ohms and, therefore, the input current
from the source will be unaffected, i.e.

€
I, = 1,200 amps.

But, since the output from the first section is equivalent
to a source which has an internal resistance of
R, = 600 ohms and an e.m.f. 2¢/3, the output of the second
section can be replaced by a source which has an internal
resistance of Ry = 600 ohms and an e.m.f,,

Hence, the current in the termination (600 ohms) of the
second section will be:—

o
9

T2 = 13m0

e
= m amps.
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L, I, I, 2 2 4
Consequently, if there are # similar sections in tandem, the
end one being terminated in its characteristic resistance,
R, (= 600 ohms), the current in this termination will be
I, where

ﬂ) — I 0 I 1 2 In__l
5 X T X I ........ X I"
- <Il> —
Similarly,
Vo _ Vo . Vi Vs Vs
V.= I,I 7 X V3 Xoevunnn X V.

n V 2
n
— (YooY _
~(n) -~
In Fig. 10 the values of the current at the output of each

section have been plotted against the number of the section.
Provided I, (= ¢/2Ry) and » (= I,/I,) are known, a

I
"
[7:] :
o '
s IR W I
L N
1
Ia@i‘"\'\‘\'\' --1
L “""“ 2 “-":"' -1
Tof -2 23 T
I ] t
o ' : i
) ] 4 s
No OF sscnous——>
FiaG. 10.

graphical construction can be used to determine I,, I etc.,
thus:—

Draw a straight line through I, and A (AD = I,), cutting
the axis of abscissa in B. The straight line BI; cuts AD inC,
then CD = I,, etc.

Hence, if we have an infinite number of similar sym-
metrical resistance sections in tandem, or a finite number, #,
terminated in the characteristic resistance, Ry, the current
leaving the mth section (and entering the (m - 1)th
section) is given by:—

Lo_() -

Similarly, V= Vg m
Again, if the current, I,, in the terminating resistance, R,,
of the finite number of sections, %, is known,

Iy _ _" L
T,ﬂ——?’” orr—\/I”

Then, the current, I, leaving the mth section is:—

I_zoyfn:IO<J> _1<I>
Similarly, V=V, ( = =V, ( = )
y 0<IO> 0<V0>

.

PROPAGATION OF CURRENT AND VOLTAGE IN A CHAIN OF

SIMILAR SYMMETRICAL RESISTANCE SECTIONS CLOSED IN
ANY RESISTANCE

So far we have only considered the distribution of current

and voltage in a chain of similar symmetrical resiStance
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or I, = Ig—m

sections terminated in the characteristic resistance, Ry, of a
section. The next problem is to determine the distribution
for any terminal condition. This can be done quite readily
by employing the Compensation and Superposition
theorems.

The Compensation Theorem.

R Ro J-_
I I
—
Ry E R, E
) ®

Fic. 11.

Consider the simple
circuit of TFig. 11(a)
which might represent
a source having an in-
ternal resistance R, and
an e.m.f., E, connected
across a resistance of R ohms.

_E
R + R,
but the same current would have flowed from the source if

the load had been of resistance R, and of e.m.f. ¢ (Fig.
11(b)) provided that:—

Obviously, I =

I— E _E+4e

T R+ R, 2R,
2R,

ore=E R—}—R0—1>
- Ry—R
_"ER_DJ,—R

The Superposition T heorem.

It should be noted that the current I in the above case is
actually the sum of two currents, thus:—
I =141,
where I, is the current due to the em.f. E acting alone and
I, is the current due to ¢ acting alone.
e 1 /R, —R

E
For I; = g and I = Q—Ro = o m)E

=1+ 1,= as before.

= 2R, ( +F R+ R> R, + R
Thus, if we have a chain of similar symmetrical resistance
sections terminated at either end in any manner, the
termination can be reduced to a source of e.m.f. having an
internal impedance equal to the characteristic resistance of
the section.

For example, suppose a source having an e.m.f., ¢, and
internal resistance, R, (= 600 ohms) is connected to the
input terminals of the original network of Fig. 1. When the
output terminals are open-circuited (Fig. 12(a) ), they can
be represented as a source of e.m.f. 2¢,/3 having an internal
resistance of R, (= 600 ohm) (Fig. (120)). If the open
circuit is to be replaced by a source of e.m.f., ¢’, having an
internal resistance of R, (= 600 ohms), then, since no
current must flow in the termination,

ge, + €
3 _ 0 ore'=— ge
1,200 - 3"

Thus, the source of e.m.f., ¢’, has been shown connected in
opposition to 2¢,/3 in Fig. 12(c). Therefore, the circuit of
Fig. 12(c) is equivalent to that of Fig. 12(a), and the current
at any point in the circuit can be found by considering the
separate effects of ¢, and ¢’. For instance, when the source,
having ane.m.f.,, ¢ = — 2¢,/3, and internal resistance R,
(= 600 ohms), which is equivalent to an open-circuit, is
connected across the output terminals, the input terminals
of the network can be replaced by a source having an e.m.f.,
¢'s, which is dependent on ¢’, and having an internal resist-
ance of Ry (= 600 ohms).
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From Fig. 12(e) it will be realised that:—
e, = 1’4403’ :ge’ :g<—ge>: —ée
* 72,160 3 3 37 9"
Hence, the complete circuit at the input of the network can
be represented by Fig. 12(f). From this it will be found

that:—
e—2. B,
I _ s 9 8: 9 8
¢ 1,200 1,200
5
. 9% 13
and V,=¢, — 600 I, = ¢, — 600 X 1200 =E3,
13
v, 18%
R, = 7' =5 X 1,200 = 1,560 ohms
9%

as was obtained by calculation initially.

It will be apparent that I, is the algebraic sum of two
currents, I’, and I”,, where I’, is the current due to e,
acting alone (Fig. 12(k)) and I”, is that due to ¢', alone
(Fig. 12(k)), thus

4 5
e, 5% 9™ |
~ 1,200 - 1,200~ 1,200

Again, I, is the current which would have appeared at the
input if the output of the network had been terminated in
its characteristic resistance R, (=600 ohms). Thus, the
current I", is thg current which appears at the input due to
the change in output termination from the characteristic
resistance R, (= 600 ohms) to an open-circuit. Further, it
should be noted that, had the output terminals of the net-
work been closed by the characteristic resistance R,
(= 600 ohms) (Fig. (12g)), the current in this termination

I=1I,+1

would have been

2,
J— 3 ’
271,200
and the voltage Vy = %e,

But, since the output terminals are actually open-circuited,
no current is received: therefore, a current I’, must in effect,
be returned or reflected towards the sending end so that:—

I, + I, =0

2

: 3%
orl'y = 1 == 156

Also, the actual voltage across the open-circuited output

terminals is
2 1
g €y == 2<§ 6,)

i.e. double the voltage which would have occurred had the

section been terminated in its characteristic resistance.
Again, for the short-circuit condition, Fig. 13(a), the

output can be represented as in Fig. 13(6). The short-circuit
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can be replaced by a source having an e.m.f., ¢/, and
internal resistance R, (= 600 ohms), provided that:—

2 2 ,

ée, B ge, + e

600 ~ 1,200
ie. e = —l—ges

In other words, ¢’ must assist the effective e.m.f. which
appears across the output terminals of the network. This
has been shown in Fig. 13(d). The circuit of Fig. 13(c) is,
therefore, equivalent to that of Fig. 13(a).

Thus, when the output terminals of the network are
short-circuited, the input terminals can be replaced by a
source having an e.m.f., ¢',, which is determined by ¢’, and
an internal impedance of R, (= 600 ohms).

From Fig. 13(e) it will be seen that:—

T I P GER
“e=g10° — 3% —3\ T3% T 9%
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Hence, the complete circuit at the input of the network

can be represented by Fig. 13(f}. Thus,
e + 2 € 13 2
7 97 9
*T 1,200 1,200
13
N
and V, = €, —6001, - &, —600 W == i‘gﬂ,

S

5
—e

, v, 18° B

.R,. = =13 % 1,200 = 230-8 ohms
9%

as calculated originally.

It should be noted that for the short-circuit condition, the
voltage across the receiving end terminals is zero, and the
current in the short-circuit is twice that which would have
been received if the receiving end terminals had been
closed by the characteristic resistance R, (= 600 ohms).

(To be continued)

Book Reviews

“Travelling Waves in Transmission Systems.” L. V. Bewley,
B.Sc.(E.E.), M.S.(E.E.). 2nd Edn. Published J. Wiley &
Sons Inc. (U.S.A.) and Chapman & Hall, Ltd. (U.K.).
543 pp. 246ill. 96s.

To communication engineers, the title of this second edition
of “Travelling Waves on Transmission Systems’ may be mis-
leading, since it is mainly concerned with surges on power
distribution systems due to lightning. However, since the
treatment is mainly theoretical, making extensive use of
operational calculus, it can be usefully read by communication
engineers concerned with the transient response of transmission
lines.

For power engineers, concerned with the design and protec-
tion of overhead power lines and terminal transformers, the
book is a useful summary of the theories of transient surges, and
presents design data in a compact form.

The volume is written in two sections, the first of which
treats surges due to direct and induced lightning strokes,
switching and arcing earths. Direct lightning strokes are
treated in some ten chapters, the remaining causes of surges
having a chapter devoted to each of them. The second section
is concerned, in six chapters, with surges in transformer
windings. Measures for the protection of the system are con-
sidered in both parts.

The first chapter deals with generalised solutions of the
transmission line equations, and a solution for the infinite line
with an applied unit step is quoted. The next chapter is
concerned with various wave shapes which may be considered,
and their attenuation due to propagation with and without
corona formation. Subsequent chapters deal with the reflection
of surges at transition points in a line system, and discuss the
concept of multi-velocity waves in multi-conductor systems.
The theory of the formation of lightning strokes is discussed
briefly and a model for lightning stroke simulation is described.
The first section then continues with a discussion of earth wires,
and counterpoise earthing of the towers. Induced lightning
surges, arcing earths, and switching phenomena are then
treated. Measures for the protection of distribution systems
are discussed at some length.

The second section is devoted to the theory of surges in
transformer windings assuming linear transformer character-
istics. Various wave shapes are considered. The distribution
of voltage throughout the winding, and terminal voltage
transients are treated in some detail, on the basis of the
windings being considered as a system of transmission lines.

Generally, the book summarises advances made in the theory,
design and protection of power distribution systems from the
particular aspect of voltage surges. The theoretical treatment
is supplemented extensively by details of field work carried out
over a number of years. For use as a reference work, the
material could, at times, have been presented in a clearer
manner; and in particular the numerical examples could have
been separated from the main text with advantage, thus
clarifying the theoretical treatment, the latter being, at times,
extensive. The treatment of earth conduction effects is scanty
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and could have been elaborated with advantage. Considerable
investigation of the subject has been made since 1930 and it is
an important consideration in the treatment of power systems.
The author comments in his introduction on the reasons for the
scanty references, but, nevertheless, the references are not
adequate for a work of this nature. For example, in discussing
lightning, reference to the work of Boys, Schonland, Loeb,
Meek, Sunde and others could have been made with advantage.
In a similar manner, amplification of the references in other
topics could have been made.

Apart from these minor defects, the book is a useful addition
to the literature on power systems. A complex subject has
been simplified and summarised to an extent which permits of
application to the design of power distribution systems. For
the communication engineer, topics treated in the book have
some relevance, in particular the treatment of transients in
transmission systems, and of transformer windings as distri-
buted networks. F.J.

“ Theory and Design of Valve Oscillators.” H. A. Thomas,
D.Sc.,, M.I.LE.E. Second edition, Chapman & Hall. 317 pp.
157 ill. 36s.

This work was first published in 1939 as one of a series of
monographs on electrical engineering under the editorship of
H. P. Young, M\LE.E,, M.AALLE.E. This second edition has
been revised and enlarged by rearranging Chapters I and II,
condensing the material in the original Chapters IV to X into
Chapters IV, V and VI, dropping Chapter XI and adding five
new chapters. Two of the new chapters are devoted to RC
oscillators and crystal oscillators, whilst the remaining three
deal with ultra high frequency oscillators, velocity modulated
oscillators and magnetron oscillators.

The three additional chapters on the types of valve for use
at UHF and above are a useful extension of the original text.
However, the treatment in no way compares with that given
to LC oscillators and one wonders whether the three chapters
could not have been better used in giving a more up-to-date
treatment of L.C oscillators or even of crystal-controlled oscil-
lators. To devote even one chapter to crystal-controlied
oscillators is a change of policy but in no way does justice to
the subject, if for no other reason than that it contains only
13 pages.

The dropping of the subject matter of the original Chapter
X1, namely, frequency stabilisation by automatic monitoring,
seems peculiar in view of the basic nature of the subject and
its many applications.

Some surprising statements remain, mainly from the original
text. For instance, page 81, where a 1936 reference is considered
new ; page 87, that oscillation cannot be sustained without
the introduction of harmonics; page 89, that C.C.I.R. tolerances
are referred to and not the I.T.U.; and on page 214 one finds
‘“such a circuit (transitron) is comparable to the crystal
ascillator in stability.” -

Much pruning of the original text has been carried out and
certain information has been added but the pruning could well
have been more severe and the whole book made more up to
date and realistic. H.T.M




struction of cable sheaths, the causes of inter-crystalline
corrosion of lead, the protection of cables against lightning,
the maintenance of cables under gas pressure and the use of
radio-active tracers for locating sheath defects in lead cables.
The major part of the Study Group’s time, however, was
taken up in the completion of a document entitled
“Recommendations for the Protection of Underground
Cables against the action of Stray Currents arising from
Electric Traction Systems (Florence, 1951).”

The above Recomimendations have been drawn up by
the C.C.ILF. in agreement with the representatives of
C.I.G.R.E.,, UN.I.LP.ED.E., the International Union of
Railways (U.I.C.), the International Union of the Gas
Industry (U.I.G.) and the representatives of national tram-
ways associations. It will be appreciated that technical
accord between bodies whose operations can cause corrosion
and those whose plants suffer it is not easy to secure, afd
that this has been achieved is felt to be a real cause for satis-
faction. The ground covered in the Recommendations is
very complete. Good ‘‘codes of practice” are prescribed for
the construction of both traction tracks and underground
pipes and cables; methods of protecting underground plant
with protective wrappings, insulating gaps, electric drainage
and cathodic protection are described and details of measur-
ing instruments and testing procedures given.

The document just completed refers specifically to
corrosion produced by stray currents: it is complementary
to the C.C.I.F. document ‘“Recommendations for the Pro-
tection of Underground Cables against Corrosion (Paris,
1949)”’ which treats the subject on more general lines.

3RD C.E.—LoNG-LINE TRANSMISSION

Before the meeting in Florence, previous meetings had
been held in Geneva, November 1950, and in London in
March 1951, so that a good deal of preliminary work had
been done. In the following notes an attempt has been made
to pick out the most important items in each subject.

Speech Circuits.

Observations made on a number of international circuits
over long periods have shown that the equivalent at 800 c/s
has a standard deviation of 0-19 Neper and the percentage
of measurements outside the limits 40-5 Neper is of the
order of 7 per cent. To improve this state of affairs a
number of remedial measures have been suggested, including
the recommendations that adjustments made after periodic
measurement shall be as close as possible to the nominal
value, and thorough investigations made for incipient faults.

The value of the equivalent of a circuit, when in terminal
service, for a semi-automatic international circuit has been
fixed at 0-8 Neper. For manual working the equivalent can
be of any value not greater than 0-8 Neper.

Music Circuits.

The specification for the new ‘‘normal music circuit”
giving effective transmission up to 10 kc/s has now been
agreed. Such circuits can be provided on carrier systems in
which arrangements are made to put the circuit in place of
three speech channels,

In this case it is pointed out that the 12-channel groups
most suitable are those towards the middle of a supergroup
(Nos. 2, 3, 4) and the best supergroups are those with the
lowest carrier frequencies.

Carrier Systems.

Many European countries are now interested in 24, 36, 48
and 60 channel systems and recommendations have been
made for the partition of line frequencies. The British
carrier network is in agreement with the recommendation
for ‘‘up to 48 circuits.”
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Asmentioned in a previous article,! noise limits to beused
as a basis of design have been discussed and agreed. For a
coaxial system this limit for the high-frequencyline is 3 pico-
watts per km. and the same figare has also been accepted as
a provisional guide for carrier systems on unloaded balanced
pair cables.

It had been agreed in 1949 that certain reference fre-
quencies should be used fer measurements on 12-circuit
groups and supergroups.

These were 84 kc/s (in the basic group) and 412 ke/s (in
the basic supergroup). It will be noted that these are virtual
carrier frequencies and it was known that certain difficulties
would attach to their use. This matter has been further
discussed and it has now been agreed that two frequencies
will be transmitted in place of one, the precise values being
as follows:—

Frequency in ke's a zero level point

l Absolute level of power at

Group Reference Frequency . 84-08 —20 db.

- 84-14 | —25 db.
Supergroup Reference oo 411-86 1 —25 db.
Frequency . . t 411-92 | —20 db.

!

By agreement between the countries concerned, only one
frequency need be transmitted.

Television.

Information on the standards to be adopted inter-
nationally for television signals is still awaited from the
C.C.LLR. In the meantime, however, a good deal of pre-
liminary work has been done by the agreement of such items
as impedance and amplitude at video points, and by con-
sideration of methods of testing and maintaining television
circuits.

Telegraph Circuits.

Discussions took place with the C.C.I.T. on a number of
questions relative to operation and maintenance, and
reserve circuits. For instance, it was agreed that the
characteristics of the reserve -circuit should be as nearly as
possible those of the main circuit.

New Questions.

A very large programme of new questions was approved
at the Plenary Assembly, many of which concern inter-
connection with radio links. These latter questions have
mainly originated with the Mixed Coramission which has
been considering the Switching Plan for Europe and the
Mediterranean Basin,

4TH C.E.—LocAL TRANSMISSION

Extensive series of articulation tests have been carried out
at the C.C.LLF. Laboratory with a view to determining the
practicability of obtaining reliable transmission performance
ratings of the local ends of a telephone circuit with the
facilities available to that laboratory. Five types of com-
mercial telephone sets, supplied by different administrations,
were used in these tests.

Results of the tests were considered by the sub-committee
for specification of transmission performance (Geneva,
October 1950) and by the 4th C.E. (Florence, October
1951). On the latter occasion agreement was reached on
outstanding details for obtaining separate sending and
receiving transmission performance ratings by measure-
ments of A.E.N. (Affaiblissement Equivalent pour la Netteté)
relative to the performance of the high-quality reference
system, the A.R. A EN.2Z By October 1951, the technique

1 P.O.E.E.]., Vol. 42, p. 169.
2 PO.E.E.J., Vol. 42, p. 170; and Vol. 43, p. L




of measuring A.E.N. values at the C.C.I.F. Laboratory had
reached a stage at which it could become no longer experi-
mental but a routine, and in fact four additional types of
commercial telephone set had been tested in this way.
Arrangements have been made for others to be tested.

The C.C.LLF. has now agreed that the new method of
rating transmission, based on A.E.N. values, should be
introduced as soon as practicable in national networks of
European countries, so that new directives can be decided
for the national and international telephone networks of
Europe. With this object in view the 4th C.E. has formally
posed for study a new question asking what is the maximum
permissible limit of transmission performance ratings
(expressed in terms of A.E.N.) for a national system from
telephone to the terminals of an international line.

Of other questions which are being continued for study,
there is space here to mention only two. One concerns the
possibility of obtaining transmission performance ratings
from objective tests only; some interesting contributions on
the calculation of articulation values from data obtained by
objective tests have been received. The other deals with
transmission impairments due to circuit noise; arrangements
have been made for a series of tests to be included in the
programme of work of the C.C.I.F. Laboratory with a view
to obtaining information on the effects of circuit noise on
transmission, in as generalised a form as is practicable.

6TH AND 7TH C.E.s—OPERATING AND TARIFFS

The 6th and 7th Study Groups reviewed the decisions
reached at their meeting in Geneva in 1950 and, in order to
implement those decisions, approved modifications and
additions to the Operating and Tariff Recommendations in
Volume I of the Yellow Book and to the Operating Instruc-
tions, which were later agreed by the Plenary Assembly.
The main items concerned were: the inclusion in a single
recommendation of the generally accepted broad principles
for the operation of the inter-continental radio-telephone
services; additions to Recommendation No. 21, suggesting
rentals for short-period use of international telephone
private wires; and the drafting of a booklet on broadcast
transmissions, containing instructions for the controlling and
accounting staff concerned with such transmissions.

Two new questions which had arisen since the last meeting
were also considered. The first related to the priority to be
accorded to urgent epidemiological calls, and it was decided
that urgent calls booked by the World Health Organisation
and its Regional Centres to prevent the possible spread of
quarantinable diseases should be considered as distress calls
and should be given absolute priority. The second dealt with
the question of the free use of emergency routes. There had
been complaint of the abuse of this privilege and it was con-
sequently decided to delete from Recommendation No. 11
that part of the recommendation referring to the free use of
emergency routes and to substitute a statement to the effect
that such calls should be included in the International
Accounts for their full chargeable duration.

The Study Groups agreed 19 new questions for study, one
of which refers to the possibility of shared use of inter-
national telephone private wires. On the general question of
the review of international telephone rates, the Study Groups
decided to proceed in 1952 with the issue of a questionnaire
on the net costs of coaxial cable circuits, but agreed that it
was premature at present to proceed with a similar study in
connection with radio relay link circuits and the issue of a
questionnaire on this subject was accordingly deferred until
1953.

As M. Mockli, Chairman of the 6th Study Group and a
founder-member of the C.C.1.F., was due to retire before the
next meeting, his colleagues paid a very warm tribute to

him for his direction of the Study Group and for all the work
he had done in the C.C.L.F. over so many years.

81tH C.E.—SIGNALLING

The 8th C.E., having already formulated replies to the
questions set for study by the XVth Plenary Assembly, met
in Florence to consider the revision of Volume V of the
Yellow Book, taking these replies into consideration. It also
formulated a number of new questions dealing with signal-
ling and switching to be recommended to the XVIth Plenary
Assembly for study during 1952 and 1953.

Among the subjects discussed the following may be of
particular interest: Section V-2-3-2 of the Yellow Book
defined the maximum permissible power level of signals
transmitted on international circuits. Some discussion took
place on the interpretation of this section and it was decided
to add a note to the'effect that the figure of 2-5 microwatt-
hours, which is the maximum signal energy permitted per
circuit during the busy hour, may be regarded as the mean
value of signal energy on all channels in the same direction
of transmission in a primary carrier group. It is not
intended, however, that the power transmitted on any tele-
phone channel of a carrier system should exceed 12,000
microwatt-seconds in one direction.

Section V-2-3-1 of the Yellow Book sets out the advant-
ages and disadvantages of signalling systems which use a
signalling path separate from that of speech transmission.
It was recognised that, when this text was drawn up, only
signalling systems having a completely separate signalling
channel were taken into consideration. Systems which can
be described as “associated channel” signalling systems, e.g.
systems using signalling frequencies situated between the
bands of two adjacent telephone channels of a telephone
carrier system, may not suffer the disadvantages indicated
for systems using an entirely separate signalling channel,
particularly in regard to costs. It was decided to add a note
in the Yellow Book to make this point clear.

The proposals which the 8th C.E. have recommended for
insertion in Section V-2-4-1 of the Yellow Book clearly
indicate that each administration will be responsible for the
protection of its own national signalliny system against
interference which can arise when two different national
systems using the same, or nearly the same, signalling fre-
quencies are interconnected by an internatiomal circuit.
Such protection may in practice be difficult to achieve, and
it was, therefore, decided to set a new question for study
with a view to determining the precautions to be taken in
the design of a national signalling system to avoid the type
of interference referred to above.

Other questions (13 in number) dealing with various
aspects of international telephone signalling and switching
were recommended for study by the 8th C.E.; considera-
tion of these, and ot the expected report on the field
trials of international semi-automatic telephone operation,
promises some very interesting discussions for the 8th C.E.
in 1952 and 1953.

Fieip TriaL CoMMISSION (FOR SEMI-AUTOMATIC TRIALS)

The C.C.LLF. are planning to carry out field trials of
signalling and switching equipment designed for semi-auto-
matic telephone operation on international circuits,
the object being:—

(a) To assess the relative merits of two different signalling
systems; one of which uses two signalling frequencies,
and the other which uses a single frequency.

(6) To ascertain the extent to which it is possible to
establish calls on a semi-automatic basis without the
assistance of an operator at the incoming terminal
exchange.
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(¢) To determine the operating procedure to be employed
for international semi-automatic telephone operation.

The Field Trial Commission (C.E.A.) which is responsible
for the conduct of these trials, met in Florence to consider
the progress made in the construction and installation of the
field trial equipment in the countries concerned and to
determine the lines on which the trials should be conducted.

It appears from the reports of the participating countries
that the 2 V.F. signalling equipment should be ready for
service in all centres by the middle of 1952 and the 1 V.F.
signalling equipment by about September 1952.

The 2 V.T. equipment in the Scandinavian countries is in
the course of installation, or already installed. A few
circuits between Oslo, Copenhagen and Stockholm are
already in operation on a semi-automatic basis.

In view of the importance attached to the analysis and
presentation of the results of the trials, it was decided that
all documents recording the results of service observations
and faults should be forwarded to the C.C.I.F. Secretariat
for examination and for the preparation of a statistical
analysis of the results. This work will be carried out under
the control of a small working party, established by the
Field Trial Commission who will meet as frequently as
necessary, preferably in the towns where the field trial
circuits terminate.

The Field Trial Commission, also decided to issue four
basic documents covering the various aspects of the trials,
namely:—

(1) “Instructions for operators” defining the operating

methods to be employed.

(2) “Equipment Specifications.”

(3) “Conduct of the trials” indicating the lines on which
the trials should be put into operation and the
observations to be taken.

(4). “Maintenance Instructions.”

VocABULARY COMMITTEE

A “First draft of the list of definitions of all essential
telephene terms’” was prepared during the C.C.I.F. meetings
in Geneva in 1950, and the observations of the national
correspondents upon this draft were collected into a “First
list of additions and modifications.”

As a result of the work of the Vocabulary Committee, a
revised draft of the definitions is now being prepared. All
the terms are defined in French and in English, and where
there are terms which have no exact equivalent in France,
Great Britain and the United States of America, the different
terms in use are given together with their definitions. )

In addition to the “List of definitions” the Committee
revised the “List of telecommunication terms in eight
languages,” particularly verifying the agreement between
French and English terms; in addition, the English terms
used in Great Britain and in the United States of America
were verified and unessential differences eliminated where
there is agreement in usage.

GRAPHICAL AND LETTER SyMBoOLS COMMITTEE

Various problems were reviewed, many of which will need
further study in co-operation with the C.C.I.T. and C.C.L.R.

A proposal was made that a diagrammatic means should
be standardised to show the successive operation of relays
in automatic exchange switching circuits. It was decided
that this problem should first be reviewed by the 8th Study
Group for a decision to be made whether such a diagram is
desirable and whether, in the opinion of the auto-switching
experts, the operation of the relays in a switching circuit can
be shown diagrammatically and so obviate the need of a
long written description of the circuit operation.

As regards some of the questions for which an inter-
national standard is desirable, a British standard has
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already been issued, viz., Letter Symbols for Electronic
Valves, B.S. 1409 :1950, and Graphical Symbols used in
Wave-guide Technique, Supplement No. 2 (1951} to
B.S. 530 : 1948.

MixEp COMMISSION FOR THE EUROPEAN SWITCHING PLAN

At the meeting of the Mixed Committee for the General
Switching Programme for Europe and the Mediterranean
Basin, delegates from 21 countries were present as well as
representatives from the C.C.I.T., the C.C.I.R., the World
Meteorological Organisation and the International Civil
Aviation Organisation. Estimated circuit requirements for
the public telephone service up to 1954 were prepared and
the Committee also took note of the requirements of the
public telegraph services and those of the broadcast
organisations for broadcast trarsmission circuits. A list of
normal and emergency routes for broadcast transmissions
was prepared and this will be reissued from time to time by
the Secretariat on information furnished by the various
administrations.

Reports were received from the delegates for Switzerland,
the United States and the United Kingdom on radio relay
links in their inland networks and from France, taly, Israel
and Jugoslavia on their plans for international radio relay
links. Representatives of the C.C.I.R. were present to give
general guidance and advice on the use of radio links for the
international telephone network.

PERMANENT MAINTENANCE SUB-COMMISSION

The Permanent Maintenance Sub-Commission of the
C.C.LLF. met from the 3rd to 6th October under the chair-
manship of Mr. Visser, of the Netherlands P.T.T.

The main work of the sub-commission was the revision of
the programme of maintenance for international telephone
circuits in Europe. This programme lists all the international
telephone circuits in Europe which transit one or more
countries other than those in which the circuits terminate,
and the members of the sub-commission agree the dates on
which periodical maintenance tests (‘‘routine tests”) on the
circuits are to be carried out. The programme has to be
carefully worked out to provide an even flow of work, and in
particular to avoid an overload of work at main transit
repeater stations on the Continent, where transit circuits
from many countries have to be tested. This is not always
easy to achieve and often requires considerable rearrange-
ment of the programme. At Florence the maintenance
programme was reviewed and a new programme prepared
which was brought into operation on 1st January, 1952.

Other work covered by the sub-commission included a
review of the arrangements for setting up and maintaining
international carrier systems, and proposals for various
modifications to the existing instructions on these matters
in the C.C.L.LF. publications. The sub-commission also dis-
cussed the arrangements for setting up circuits required for
international broadcast transmissions. A recommendation
was made to the 3rd Commission that a minimum period of
15 minutes should be fixed as the normal duration for the
adjustment period (la période de réglage) which is used by
the engineers of the P.T.T.s for setting up a circuit prior to a
broadcast.

ConcLusIoN

The arrangements made by the Italian Administration for
the Conference and for the comfort and entertainment of
delegates and their families were perfect. In addition, many
delegates were able to make a four-day visit to Rome as
guests of the Italian Administration. There is no doubt that
the visit to Italy will long be gratefully remembered by all
present.



Notes and Comments

New Year Honours

The Board of Editors offers congratulations to the following members of the Engineering Department honoured by

His late Majesty the King, in the New Year Honours List:—

Aberdeen Telephone Area W. F. Macdonald

Engineering Department F. C. Carter
Engineering Department J. W. Portway
Lincoln Telephone Area .. J. W. Dickinson .
Norwich Telephone Area .. .. M. B. Rogers, M.M. .
H. C. A. Linck .

Welsh & Border Counties Region

Recent Awards

Technical Officer
Staff Engineer

British Empire Medal
Officer of the Order of
the British Empire
British Empire Medal
British Empire Medal
British Empire Medal
Member of the Order of
the British Empire

Leading Draughtsman . .
Technician Class I
Technician Class I

Senior Executive Engineer

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

Engineering Department:—

Reading Telephone Area F. I. Fuzzens . .

Retirement of Mr. F. E. Nancarrow,
O.B.E., A.R.C.Sc., M.I.E.E.

The retirement of Mr. Nancarrow means the loss to the
Department of a personality well known and highly respec-
ted in Telegraph circles both national and international.
After engineering training in a naval dockyard, Mr.
Nancarrow became a Whitworth Exhibitioner and a Royal
Scholar at the Imperial College of Science, and later entered
the Department by open competition as an assistant
Engineer in 1914.

For 19 years he occupied various posts in the Radio
Section at Headquarters, Dollis Hill, and as engineer in
charge of the Bodmin Beam Station. One of his many
activities during this period was the initiation in the
Department of the work on quartz crystals, a sphere in
which the Department now occupies a leading position.
He was transferred to the Telegraph Branch in 1933 and
became Staff Engineer in 1936.

Many important developments in Telegraphy have taken
place during his term of office of which the extension of the
voice frequency system of transmission, national and inter-
national Telex, and Automatic Telegraph Switching are
examples.

The prototype of the new Mufax facsimile system, which
may well revolutionise sub-office working in the future,
came along, much to his delight, a few days before his
retirement.

On the outbreak of war Mr. Nancarrow became respon-
sible for directing the planning and provision of the many and
varied telegraph requirements of the services, including a
very great expansion of voice frequency, teleprinter switch-
boards and other specialised equipment. It is a remarkable
fact that by 1944 there was five times as much telegraph
equipment in the country as had existed before the war.

For these war-time services Mr. Nancarrow was, in 1944,
decorated with the O.B.E.

Internationally, Mr. Nancarrow was well known owing to
the important part he played in the C.C.I.T. of which he
was principal Reporter for the study groups on Photo-
telegraphy and Telegraph Switching, and led the U.K.
delegation at many of the technical conferences from
1936 onwards.

He served with distinction for very many years as a
member of the Board of Editors and as a contributor to

. Inspector

Officer of the Order of
the British Empire

this Journal, whose readers will wish him many years of
happy and well-earned retirement.
H.F.

Death of Mr. G. A. Abbott

We greatly regret to record the death, early in January,
of Mr. G. A. Abbott, who served with distinction as a
Member of Council of the Institution from 1949-52 and was
actively engaged on the Library and General Purposes
Committees. He was also a member of the London Centre
Committee from 1936-38 and from 1948-52, representing,
during the latter period, the interests of Executive Engi-
neers and Asst. Regional M.T.O.s, London Region.

His untimely death came as a great shock to his Council
and London Centre colleagues, who will retain warm
memories of the activity and enthusiasm which he displayed
in Institution affairs.

Journal Price Increase

Most readers will be aware that the publication world
has been very hard-hit in recent years because of the
continual increases in the costs of production.  Apart
from the incidence of several wage awards in the printing
industry, the cost of paper has risen alarmingly; in fact,
the paper on which this issue of the Journal is printed cost
more than double that used in April 1950.

In considering how best to deal with this situation
every means of economy which could be adopted without
impairing the value of the Journal has been exploited.
In spite of these efforts the position is now so serious that
the price of 1s. 6d. per copy to Post Office readers can no
longer be maintained and we regret to announce that,
commencing with the July 1952 issue, the price will be
increased to 2s. per copy.

With this arrangement it will be possible to maintain
the Journal at its present size and ensure the continued
publication of the Supplement with its wide selection of
model answers to questions set in the City and Guilds of
London Institute examinations in Telecommunications
Engineering.

Meanwhile, readers may be assured that as soon as
the present conditions improve they will benefit accord-
ingly, because the policy of the Journal has always been,
and still is, to run on a non-profit-making basis.
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site was roughly levelled by using railway sleepers. In spite of
the difficulties, the vehicle was backed into the site over the
temporary sleeper track and placed in position. It was finally
levelled, using jacks, resting on boiler plates to distribute the
load.

The “ A"’ vehicle was worked from the permanent U.A. X,
power supplies. The wiring from the ‘ C ’ unit in the perma-
nent building required for bringing the mobile exchange into
service, together with all power cabling was passed through an
aperture in the building made by the removal of a Hatten
vent, Apart from the power supplies, all connections between
the permanent and temporary exchanges were carried out in
cable with plastic insulation and covering. The wiring to the
mobile exchange was completed and all circuits transferred
within a week. For the purpose of the transfer, the junction
circuits were wired via change-over strips, and all subscribers
circuits were ‘“ teed ' in the permanent exchange.

The four *“ A "’ units to be changed were then recovered and
replaced by the new units. The entire wiring between units
both in the original installation and in the renewal was carried
out in plastic cable. In the original case alternative methods
of terminating the plastic insulated cables on connection strips
were tried, but on the renewal the method found from
experience to be the most satisfactory was used throughout.
All circuits were restored to the permanent exchange on 3rd.
December, the mobile exchange being released a week later.

F.V.P.

EXTENSION OF BEDFORD AUTO-MANUAL BOARD

The opening of a 33-position extension to the auto-manual
suite on 12th September, 1951, provides the opportunity to
describe a few of the unusual features of the installation.

The original 22-position suite on the second floor of the main

exchange was extended in the early part of the war by a
9-position suite on the first floor. The post-war growth of
traffic demanded a further extension and the space on the first
floor was needed for relay sets. It was therefore decided to
provide a new suite of 33 positions on the second floor of
Telephone House, some 150 yards away, to work in parallel
with the original 22-position suite.
« Five 1,000-pair, 10-1b. P.C.Q.L. cables were provided between
the two buildings in parallei with the existing outgoing and
incoming multiples and the existing junction relay sets were
retained in the main exchange. Separate lamp relays, 6-volt
transformers and standby 6-volt batteries were provided in
Telephone House and the 50-volt supply was extended from
the main exchange using four cables each of one square inch
equivalent cross-section.

Owing to the critical resistance of the sleeve circuit an overall
single-wire resistance of 9 ohms was specified between the
relay sets in the main exchange and the ultimate end of the
new multiple in Telephone House. This factor alone ruled
out any question of fitting the normal protective devices. It
was therefore necessary to provide protection in the form of a
6-inch layer of concrete surrounding the new 18-way duct
track.

Due to the expected P.D. of up to 0-2 volts between the
positive busbar in the main exchange and that in Telephone
House it was decided not to provide a separate earth system
at #he latter building. Consequently all cables between the
two buildings have been sheathed over the lead with polythene
to prevent electrolytic corrosion.

ROUTE oF EXTERNAL DuUcT TRACK.

The configuration of the external duct track, including the
risers to the second floor of Telephone House, would normally
have necessitated a joint in each-manhole in addition to the
usual joints between the paper core and the terminating
cablss. Cabling was further complicated by the fact that
manhole No. 3 had to be of non-standard construction to meet
obstructions and this resulted in two right-angle bends in each
cable within a distance of 3 ft. 6 in.

By adopting the following techniques, terminating joints
only were made on the 1,000-pr. cables and none at all on the
power cables.

The power cable termination at the main exchange was in
the power room on the ground floor and the P.C. cables were
to be jointed to the terminating cables in the basement gable
chamber. This, together with the fact that the powerjcables
could be bent into a much smaller radiusthan could the 1,000-pr.
cables, demanded two different methods of cabling.
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CABLING DETAIL AT MANHOLE No. 3.

The power cables were drawn in from manhole No. 2 to
No. 1 and were ““fleeted”’ through No. 1 as far as the panel in
the power room. Sufficient cable was then taken off the drum
at manhole No. 2 to reach the power panel on the second
floor of Telephone House; it was then cut and coiled in figure-
of-eight formation on the roadway. The free end was then
passed through the entrance of manhole No. 2, through No. 3
and up the risers by means of snatch blocks and a crab winch
located on the second floor. The manhole opening was large
enough to permit the final loop being passed through without
kinking.

Because the 1,000-pr. cables could not be bent into a radius
small enough for the final loop to be passed through the man-
hole opening it was necessary to fleet sufficient cable through
manhole No. 1 into the main exchange cable chamber for it
to be fleeted back again through manholes Nos.: 2 and 3
and up the risers. To do this meant fleeting 39 yards of cable
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Junior Section Notes ~

Darlington Centre

It is a pleasure to report that our meetings to date have
attracted a good average attendance, representative of boththe
external and internal staffs. ‘° External Telephone Plant and
the Law,” interpreted by Mr. W. Dodgson, was well received
and was followed by a good discussion. ‘ Weights and
Measures,” by Mr. R. Billings, B.Com., enlightened ngt a few
on the wide field of activities covered by the Post Office
Engineering Department. The tour of the Darlington Wire
Mills conducted by Mr. F. Wright, Works Manager, who
described the firm’s specialised work, proved tobe very popular.

Our versatile Centre Member, Mr. E. O. M. Grimshaw, gave
his fifth talk and this time his subject was ‘* Computers and
Calculators.”” He impressed those who attended with his
knowledge of these modern aids and his forecast of their future
application.

Prior to the 1951-52 session talks were often given by
members without the aid of written papers; they therefore
could not qualify for the Institution competition. However,
we submitted two written papers covering talks already given
by our members, and it was very good news to receive the
official intimation that one of these, ** Television,” by Mr. B.
V. Northall, had been selected for the award of £3. 3s. 0d.
and the Institution Certificate. At the time of writing it is
hoped that the presentation of the coveted prize will be made
by the C.R.E., Mr. W. F. Smith, on the occasion of the
Darlington v Middlesbrough inter-Centre quiz on Tuesday,
25th March, 1952.

The Centre congratulates the Bath, Lincoln and Belfast
Centres on the success of their members in the competition.

C.N. H.

Middlesbrough Centre

On 15th November, 1951, Mr. W. J. Costello gave a most
informative talk on ‘° Repeater Station Power.”” The auto-
matic change-over arrangements were fully explained and one
realised that the efficient telephone service given to the public
did not depend solely on transmission and auto men; all
members of the team play their part.

Mr. E. A. Clark’s talk entitled ‘“ Photography in General,”
given on 13th December, 1951, catered for both amateur and
professional, and was greatly appreciated by his audience.
After viewing about one hundred projected coloured trans-
parencies and slides of various aids to photography, many
would realise how far they could progress from the ‘‘ box
camera ' stage.

The lecture * Fundamentals of Telephone Cable Design,”” by
Mr. A. C. Holmes, AM.I.LE.E. (Regional Liaison Officer) on
22nd January, 1952, was both educational and interesting.
Mr. Holmes dealt with his subject in an able manner. The
Standard Telephones and Cables’ film showing the manufacture
of the London-Birmingham television cable was greatly
appreciated.

““ Modern Industrial Lighting,”” given by Mr. H. Carr, on
14th February, 1952, was certainly *‘ illuminating *’ and once
again gave us some idea of the ‘ other man’s” job. This
aspect was perhaps more striking because Mr. Carr is on
Exchange Construction and not E.L. & P. work. Perhaps we
in the Department will see some brighter colour schemes not
only for walls but for apparatus and machines too, so that full
efficiency of illumination is obtained.

Before the meeting closed, the Chairman (Mr. W. ]J.
Costello) asked the audience to stand for one minute as a
tribute to our late King George VI. D. P.

Gloucester Centre

On 19th September, 1951, an invitation was sent to all
previous and intending members of the above centre. Their
presence was requested at a meeting called to consider the
possibility of holding a series of lectures for the coming session.

As a result of a most successful meeting the following officers
were elected for 1951-52 :—Chairman, Mr. J. W. Brookes ;
Secretary, Mr. A. B. Coole ; Assistant Secretary, Mr. J. Cox;
Treasurer, Mr. P. Noctor; Commitiee : Messrs. J. Paige,
E. Harrison, K. Pople, L. Rea, C. Morgan and B. Hope.

The Committee quickly shouldered their responsibilities and
in a remarkably short time produced the following programme :
October, 1951.—*‘Speech Transmission”’—Mr. E. H. Jeynes.
November, 1951.—‘Subscribers’ Faults—Prevention is
better than Cure”—Mr. J. Cox.
December, 1951.—An Outline to Carrier Telephony’’—Mr.

R. Hoare.

January, 1952.—Organisation of a Telephone Area’’—MTr.

W. Moseley, M.B.E.

February, 1952.—Transfer of a C.B.S. Manual Exchange
to a UAX. 13X"—Mr. A. B. Coole.
March, 1952.—Some Aspects of Staff Relationships”—Mr.

T. H. McDonald.

Following the issue of a challenge from the Bath Centre,
arrangements have been made to hold a ““ Quiz ”’; and it is
hoped to provide a pleasant evening’s entertainment to all
members and visitors who attend this trial of brains and wit.

Arrangements are also in hand for a number of visits during
the early spring and summer to the major local industries.

A.B.C.

Cambridge Centre
The programme for the second half of the session was as
follows :—
January 9th.—Visit to Goods Control Room and Signal-
ling Systems at Cambridge Railway Station.
February 4th.—Lecture:  Some Aspects of External
Development,” by Messrs. H. W. Haworth & R. M. Jones.
February 21st.—Visit to Hammond Electric Organ at St.
George’s Church, Cambridge.
April 8th.—Scientific Interest Film Show by C.O.I. Film
Unit, followed by Annual General Meeting.
We are looking forward to an even more successful session
for 1952-53. J.P.W.

Canterbury Centre

At the 1951 A.G.M. the Committee was elected as follows :—
Chairman, Mr. V. Dungey ; Secretary and Treasurer, Mr. G.
E. West ; Committee Members . Messrs. S. Cripps, B. Fletcher,
H. W. Marsh and A. G. Lee.

The 1951-52 session commenced on 30th October, with a
lecture by Mr. B. Winch. His subject was ‘' Call Queueing,”
illustrated with slides and diagrams. Mr. Cox of the 1.T.D.
discussed the project from the point of view of his Department.

Mr. W. Seymour described the technique of ‘“ Tape Re-
cording ”’ at the November meeting. Practical demonstra-
tions provided great interest.

The title of the December talk given by Mr. A. G. Robins
caused many speculations. ‘‘ Holes in the Road *’ was in fact
a disguise for the Public Utilities Street Works Act, 1950,
which was effectively translated into basic English.

On 10th January, 1952, 28 members paid a visit to Chartham
Paper Mills. Despite inclement weather an instructive and
enjoyable afternoon ensued.

The ““ Function of the Sales Section ’ was the subject of
Mr. W. J. Gallup on 23rd January, 1952. He proved his
ability as a salesman by convincing the members that the
Sales Section is really necessary.

The remaining programme for this session was :(—

19th February, 1952.—*‘ Cable Balancing”’—Mr. V. Dungey.

18th March, 1952.—‘“ Main Cables ”—Mr. R. Kent.

22nd April, 1952.—Annual General Meeting,

A visit to a Kent coal mine is being arranged.

There are 60 members in the Canterbury Centre, the average

attendance at meetings being 38. G.E W

Maidstone Centre

The officers elected for the 1951-52 session were as follows :
Charvman, G. T. Cheeseman ; Secvetary, C. Tame ; Treasurer,
R.W. Wallond. Comsmitice : Messrs. P. Lager, J. A. Burrows,
V. Bryant, L. A, S. Barham.

Upon the promotion of Mr. Cheeseman the duties of the
Chairman were taken up by Mr. L. A, S. Barham on 12th
November.

The programme for the session was as indicated below :—

8th October.—‘‘ Recruitment of Staff.”—F. C. Haliburton.

12th November.—* Jet Engines.”—F/Lt. Saywell.
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10th December.—*“ The Provision of Cross-Channel Com-
munications for the Invasion of Europe.” —Col. C. E.
Calveley, O.B.E.

14th January.—‘ The Public Utilities Street Works Act.”
A. G. Robins.

11th February.—*‘ Valve Manufacture.”— A, D. Haigh
(Edison Swan Electric Co.).

11th March.—* Stage Lighting.”—L. G. Applebee (Strand
Electric & Engineering Co.).

7th April.—* 2,000-type Selector.”—]. I. Waters.

The attendance at meetings has been a little below the usual
standard but the papers given have heen well presented and
have encouraged useful and informative discussion. It is the
desire of the Centre to make its activities as interesting as
possible but this cannot be done without the active support
of its members. It is therefore up to each one to do his
utmost to ensure that the Centre is worthy of its connection
with the Junior Section.

The continuing goodwill of the Telephone Manager, Mr.
W. H. Scarborough, and the active co-operation of the Area
Engineers, Messrs. A. G. Robins and F. C. Haliburton, have
done much to keep the Centre on the map. The frequent
presence of Senior Section members at meetings is a source
of great satisfaction, for they are cordially invited at all times.

C.T

Isle of Wight Centre

By the timre these notes appear, the Isle of Wight Centre
will be nearing the end of the second session since its re-
formation in 1950.

The Centre has heard an interesting series of talks, and in
addition has taken part in three ““ Quiz *’ contests, two with
the Portsmouth Centre and one with the Chichester Centre.

Visits have been made to Saunders-Roe aircraft works at
Cowes, where the giant *‘ Princess ”’ flying boats are under
construction, and to the Pirelli-General Cable Works at
Eastleigh.

A visit to the Esso Oil Refinery at Fawley is being arranged.

C.J.S

.Tunbridge Wells Centre

The ‘“ Radio and Television Group " is now thriving, with
a membership of 22. The activities included a visit to the
National Radio Show and two excellent lectures by a senior
member on ‘‘ Stabilised Power Supplies ”’ and ‘ Design and
Construction of a Straight Receiver.”

Work in organising the group has been going apace and we
now have the use of a first-class workshop.

Future activities are :—Film show on ‘‘ Electronics,”
lecture on the Basic Superhet Receiver, and the construction
of a Five-Valve Superhet Receiver. J A V.S,

Bishop’s Stortford Centre

A very interesting and varied programme so far has been
followed by the Bishop’s Stortford Centre during the 1951-52
session. Much interest has been taken in the meetings and
attendances have been good, despite some inclement weather,

The first meeting was held on 18th September, when a film
show by the C.O.I. was given. This was followed, the same
evening, by an extremely interesting talk on “ Air Navigation,”
very ably given by Mr. G. F. Dann. The following month a
practical demonstration of the *“ Jointing and Testing of
Coaxial Cable ”’ was given by Messrs. A. Stanley and R. Fuller,
This proved of great interest to those of our members normally
employed on internal duties. The demonstration was fol-
lowed, the same evening, by a talk on * Various Methods of
Fault Localisation on Underground Cables,” given by Mr.
G. Wyer.

On 14th November a paper on ‘‘ Railway Signalling " was
read by Mr. F. Frecknall. This talk was extremely valuable
inasmuch as it was followed, at a later date in November, by
a visit to the Signalling Training School of the L.P.T.B.,
situated at Earls Court Station. A very enjoyable evening

1
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was spent here. No talks were given during the month of
December, but an interesting film show was given, on 5th
December, by the C.O.1.

The opening of the New Year saw a slight re-arrangement
of our programme for the month of January. Instead of a
paper on * Simple Radio Circuits,” which was to have been
given by Mr. J. Poole, Mr. J. A. Day, AM.I.G.E. of the
Bishop’s Stortford Gas Works gave the membership an inter-
esting talk on the production of gas and the by-products of
coal. Those who attended were very surprised at the large
number of derivatives from coal, and the thousand-and-one
applications they have in modern industry. The talk was
followed on 22nd January by a visit to the Gas Works at
Bishop’s Stortford. The tour was conducted by Mr. Day,
who went to great pains in showing the various processes the
coal gas went through before reaching the consumers’ premises.
The paper on * Radio Circuits "’ is to be given by Mr. Poole
at a later date.

During March a paper on ‘ Trunk Mechanisation ”’ was
read by Mr. A. J. Thompson, followed on 9th April by a talk
by Mr. R. Eves on “ The Survey and Provision of ILocal
Lines.” J. S R.

Guildford Centre

The opportunity to travel and see, if not the world, some-
thing of what goes on in industry is one of the advantages of
Junior Section miembership.

The active co-operation of the Area Engineer and his super-
vising staff is essential in working out the details which make
all the difference between a going concern and a ‘‘ dead-and-
alive ’ outfit, for nothing is so deadening to individualism as
the cold official ‘“ toe-the-line attitude.”

‘We in Guildford count ourselves very fortunate in our Area
Engineer, Mr. H. M. Wells, A M.ILE.E., who has given us every
consideration and very active help. We could not have pur-
chased our 16-mm sound film projector without his aid, neither
could our extensive factory-visit programme have been so
successful. During the past twelve months seventeen visits
have been made which have provided 392 member-visits.

An outing for members and their wives to the South Bank
Exhibition in June was well attended and a tiring day was
had by all!

The lecturers have covered photographic research, power
station remote control, promotion and appraisements, the
submerged repeaters and oil refining, with an average attend-
ance of 25, which is not so bad considering the usual winter
counter attractions.

Our ciné equipment has been used for twelve shows during
the four winter months, on subjects ranging from shipbuilding
and glass manufacture, to oil refining and supersonic flight.

The factory visits have covered the manufacture of electric
lamps, television and gramophones, radio valves, liquid air,
motor cars and tractors, the mass production of furniture and
foodstuffs, cigarettes, vulcanised fibre, and steam packings.
We have also looked over Broadcasting House, Cable and
Wireless, Tate and Lyle Sugar Refinery, and seen the pro-
duction and printing of ““Illustrated”” at Odhams (Watford)
Ltd.

Pirelli-General have shown us the complete manufacture of
telephone and very high voltage cables, from the copper ingot
to the finished article, in their Eastleigh factory and the pro-
duction of E.L. cables, flex, and plastic covered wires in
Southampton. The Anglo American Qil Co., Ltd., invited us
to their new refinery at Fawley and our film shows dealing
with oil refining were a great help in understanding the complex
business at the actual plant.

Newsprint production was seen at the mill of Bowaters
Lloyd Ltd., at Sittingbourne and what a fine organisation they
have to convert trees into newspaper.

The goodwill and hospitality shown to us by all these
business firms has been very gratifying dnd it is a matter for
some regret that all we have been able to do in return has
been a bread-and-butter *“ thank you ’’ letter and a Christmas
card showing the Town Clock ! L.G.W.



Staff Changes

Promotions
Name Region Date l Name Region Date
Deputy C.R.E. to Stf. Engr. Asst. Engr. to Exec. Engr.—continued.
Stratton, J. . L.T.Reg. to E.-in-C.O. 22.12.51 Jarman, R. A. .. .. L. 1. Reg. 7.11.51
Marks, T. A. .. H.C. Reg. 1.12.51
Pr. Sc. Offscer to Swr. Pr. Sc. Officer. Jacobs, G. E. J. S.W. Reg. .. 14.11.51
Tillman, Dr. J. R. E.-in-C.O. 12.2.52 | McLean, J.C. .. L.P. Reg. 4.1.52
Ditchfield, J. A. N.W. Reg. .. 18.1.52
Sur. Exec. Engr. to Asst. Stf. Engy. Thom, J. R. H. Scot. 14.11.51
Brock, P, R. W. .. E.-@n-C.O. 24.12.51 Tech. Officer to Asst. Engr.
Memman J. H. H. E.-in-C.O. .. .. . 24.12.51 Elicdge T B ~in-C.O. 15.12.51
Barker, H.© . E.-in-C.O. (in absentia) 9.11.51 edge, F. ). .- dn- - 12
Wilcockson, H. E E -in-C.O. 9.11.51 Hannaford, D. .. .. N.W. Reg. to E.-in- 1-C.0. 29.12.51
Francis, H. E E.-in-C.O 1.1.52 Gardiner, R. . .. N.W. Reg. to E.-in-C.O. 29.12.51
P - o T i Ankers, J. R. ‘W.B.C. Reg. to E-in.C.O.  20.12.5}
' Young, R. C. N.W., Reg. to E.-in-C.O. .. 28.12.51
Telephone Manager to Asst. Stf. Engr. ) . Dewsnap, S N.W. Reg. to E.-in-C.O. .. 29.12.5]
Knight, N. V. .. L.T. Reg. to E-in-C O. 21.1.52 Davis, W. B. L.T. Reg. to E-in-C.O. .. 29.12.51
Cave, K. H. W B.C. Reg. to E.-in-C.O. 5.1.62
Exec. Engr. to Snv. Exec. Engr. (Il)uftiS, FJ V}Vj -ln-g 8 . 4}2;
Banks, W. R. H.C. Reg. 18.12.51 , Falmer, j. b .. E.-in-C.O. .. 4.1.
Drow L. C. . H.C. Res. ls1281  Wheatley, S. G, E.-in-C.O. - . 41,52
Owens, W. H. .. LT. Reg. .. 11.1.,52 | Crampton, J. H. E.-in-C.O. 4.1.52
Benzies, A. C. .. N.W. Reg. to N. Ire Reg 20.1.52 Clark, E H. Mid. Reg. 5.1.52
Walker, N. Scot. to E.-in-C.O. . 20152 | Pope, A B. .. E -in-C. 10.11.51
Wrylie, T. S. N. Ire. Reg. 10.2.52 Gothorp, J.W. .. E.-in-C.O. 19.1.52
Rhodes, W. E.-in-C.O. 2.12.51 Foulkes, R.T... .. Mid. Reg tO E.-in- C O. . 26.1.52
’ McCann, E.  .... .... N.Ire. Reg. to E.-in-C.O. 26.1.52
Johnston, C. 1. N. Ire. Reg. to E.-in-C.O. 1.2.52
Asst. Engr. to Exec. Ings. | Curr, P.F. .. Scot. to E.-in-C.O. 7.1.52
Mathewson, J. M. Scot. 1.1.52 Day, R. F. E.-in-C.O. 9.2.52
Hafekost, W. L. E.-in-C.O. 8.12.51
Bailey, E. A. .. L.T. Reg. 13.11.51 Tech. Asst. I to Asst. RM.T.O.
Babb, H. E. E. Mid. Reg. 18.11.51 ‘White, N. C. S.W. Reg. .. 24.1.52
Retirements
Name Region Date Name Region Date
Stf. Engr. Asst. Engr.—continued.
Morris, A. .. E.-in-C.O. 21.12.51 Nock, S. H. .. W.B.C. Reg. 1.8.51
Nancarrow F. E .. E.-in-C.O. 2.1.52 | Francis, A. V. .. L.P. Reg. . 11.7.51
Asst. Stf. Engr. Inspector
Bell, R. L. E.-in-C.O. .. 31.12.51 Watson, P, A. .. Mid. Reg. 1.1.52
Pate, H. S. N. Ire. Reg. 31.12.51 Stovell, G. P. L.T. Reg. 31.1.62
Payne, J. L.T. Reg. 10.1.62
Avea Engr. Judd, C. W. .. L.T. Reg. 31.1.62
”"—"—‘_-‘ N. Ire. Reg. 31.12.51 Hawood, E. H. .. L.T. Reg. 20.1.562
Wright, € re. e Temple, H. .. .. L.T. Reg. 17.2.52
Hayward, A. A. N.W. Reg. 2.2.52
Exec. Engr. Lloyd, R. J. W.B.C. Reg 19.2.52
Brown, J. Scot. 3L12.51 | MacIndoe, T. Scot. 31.12.51
Bush, G. F. H.C. Reg 9.7.51
Asst. Engr. Firmin, S. B. H.C. Reg 30.9.51
Moore, B. J. L.T. Reg 16.2.52 Goate, H. E. H.C. Reg 7.12.51
Smith, W. C. Scot. 30.11.51 Smith, H. A. H.C. Reg. 31.12.561
Harrison, T. W. Mid. Reg. . 6.1.52 Jones, H. W, W.B.C. Reg. 30.11.51
Jones, S. K. .. L.T. Reg. . 18.1.52 Clark, Z. C. . .. N.E. Reg. 31.8.51
Nightingale, W. H. L.T. Reg. . 13.1.52 Johnson, C. C. .. .. N.E. Reg. 3.8.561
Halls, A. N. .. H.C. Reg. . 29.7.51 Chalder, E. V. .. N.E. Reg. 3.8.51
Parker, C. E. H. .. H.C. Reg. . 22.8.51 Tarelli, F. S. .. N.E. Reg. 29.8.51
Taylor, C. H. .. .. H.C. Reg. . 29.10.51 Edmondson, T. N.E. Reg. 19.9.51
‘Wright, T. D. W.B.C. Reg 27.5.51 Thompson, A. E. N. Ire. Reg 17.12.51
>
Transfers
Name Region Date - Name Region Date
Exec. Engr. Asst. Engy.—continued.
Beniston, S. .. E.-in-C.O. to Min. of Supply 1.2.52 Marchant, A. C. E.-in-C.O. to Min. of Supply 1.2.52
Proctor, F. H. .. E.-in-C.O. to H.C. Reg. 18.2.52 Cowan, R. T. B. Scot. to P. & T. Dept., Gold
Coast .. . 30.5.51
Ogden, R. S. 1. E.-in-C.O. to N. E. Reg 2.12.51
Asst. Engr.
Dytham, E. T. .. E.-in-C.O. to Mid. Reg. 20.12.51 | Inspector
Shinn, E. E.-in-C.O. to H.C. Reg. 1.1.52 Payne, A. J. L.P. Reg. toL.T. Reg. 17.11.61
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Resignations

Name Region Date Name Region Date
Asst, Engr. Inspector .
Millidge, N. C. .. H.C. Reg. 21.8.51 Shepherd, A. H. N.E. Reg. .. .. .. 12.12.51
Barnes, R. V. H.C. Reg. . 19.9.51 Asst. (Sc.)
Jones, E. W. W.B.C. Reg. 1.6.51 Lane, P. S. E.-in-C.O. 4.1.52

Deaths

Name Region Date Name Region Date
Exec. Engr. i Asst. Engy.—continued.
Abbott, G. A. .. L.T. Reg. 29.12.51 ' Bedley, E. H. L T. Reg. 8.1.52
Asst. Engr. ' .
Putland, R. C. .. Mid. Reg. .. .. .. 7.12.51 | Inspecior
Sandford, W. H. L.T. Reg. .. .. .. 23.12.51 Hunkin, B.W. .. S.W. Reg. .. 2.2.62

+
CLERICAL GRADES
¢ Promotions

Name Region Date Name Region Date
C.0.to0 E.O. C.0. to E.O.—continued.
Lee, C. E. E.-in-C.O. to L.P. Reg. 28.5.51 Davie, C. S. D. E.-in-C.O. to L.P. Reg. 27.8.51
Ince, G. W. E.-in-C.O.to L.P. Reg. 25.3.51
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‘ ’ Marconi came into a world in which
N

communications were adolescent.
When he left it, the marvels of radio
were a commonplace. His name
had achieved immortality ; his work
was established in the service

of mankind. It is therefore

no coincidence that the Company
which he founded should

supply communication and navigation

equipment for aircraft like

the Canberra and Comet, which are

the most advanced of their class

in the world.
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