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CoNCLUSION

The adoption of the form of multiple teeing described in
this article permits the achievement of a higher average
cable-fill—as much as 100 per cent. in the first cable section.
The main advantages accruing are,

(2) Economies in the cost of plant provision.

(8) Individual cabinets will not be exhausted before the
main cable route as a whole. Relief measures must
necessar'ly cater for the entire cable route, thus
avoiding the necessity for a series of small relief
cables to individual cabinets at irregular intervals.

(c) The avoidance of cable rcarrangements by elimina-
ting the possibility of diverting spare pairs from one

cabinet to another, since the cable is full before any
one cabinet is exhausted of spares.

(d) Stock size cables can be incorporated without leavmg
dead pairs and without excess provision on cabinet
spurs.

At first sight, the design of multiple-teed cable routes
may appear more complicated than the design of non-teed
cable routes on the basis of a fixed planning cable-fill. It is
anticipated, however, that once the basic principles of the
system are clearly understood and some practice in their
application has been obtained by planning officers, the
design of multiple-teed cable schemes will present no
special difficulties.

A Measuring Set for Electrical, Mechanical

U.D.C. 621.317.73 + 534.64

MEASURING set for complex electrical, mechanical
Aor acoustic impedances 1s under development at
the Research Station. In principle, the set consists
of a generator of constant internal impedance but variable
E.M.IF., the output terminals of which are first open-
circuited, and then connected in turn to a known standard
impedance and to the impedance to be measured. In the
open-circuit condition the terminal P.D. is, of course,
equal to the generator EIM.F. When the standard and
unknown impedances are connected to thec terminals, the
P.D. changes, but may bec restored to its original value, in
magnitude and phase, by appropriate changes in  the
_generator E.M.F. It may be shown that the vecter ratio
of the two impedances 1s then given by the vector ratio
of the corresponding tncrements in the generator E.M.F.
Somewhat similar relationships hold for the analogous
arrangement in which the output current is restored to its
short-circuit value after inserting the desired impedances.
To indicate when the terminal P.D. has been restored to
its original value, a detector circuit sensitive to changes in
phase as well as magnitude is required. This is arranged by
connecting to the terminals an auxiliary variable generator
in series with a valve voltmeter. The auxiliary generator
EM.F. is adjusted in magnitude and phase so that it
exactly opposes the terminal P.D. in the open-circuit
condition and a null reading is obtained on the meter.
The connection of any impedance to the terminals then
alters the terminal P.D. and destroys the balance, which
can only be regained by restoring the terminal P.D. to its
original value in both magnitude and phase.

T'or convenience, the restoration of the terminal P.D.
after it has been disturbed by the connection of an impe-
dance is effected, not by altering the E.M.IF. on the main
generator, but by connecting in series with it a further
variable gencrator of very low internal impedance. Two
such generators are used in turn, and their outputs are left
at the settings requircd to restore the balance with the
standard and unknown impedances, respectively. The
vector ratio of the E.M.I's of the two generators then
gives the vector ratio of the two impedances. To measure
this ratio the outputs are connected in turn, through
separate voltage dividers, to a valve voltmeter. One
voltage divider is set to a reading which represents, in
eonvenient units, the numerical value of the standard
impedance, and its output is noted on the meter. The
other voltage divider is then adjusted so that an equal
reading is obtained on the voltmeter, and its setting gives
directly the numerical magnitude of the known impedance.
To measure the phase difference between the two impedances
the sum or difference of the two voltages, now equal in
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magnitude, is compared with their separate values. A
direct reading of the phase difference from 0° to 180° may
be obtained on a calibrated potentiometer dial or on a
meter scale, with an ambiguity of sign. The sign of the
difference is usually known, but may be determined, if
necessary, by a simple check which involves observation of
the direction of the change produced when a small capacitor
1s connected across the circuit.

The sct is adapted to measurec mechanical and acoustical
impedances by replacing the generator and detector by
electro-mechanical or electro-acoustic transducers. The
internal impedance of the source, including the transducer,
if used, does not appear in the final equation for the
unknown impedance, and neither transducer needs to be
calibrated, though both must remain stable in sensitivity
for the duration of a measurement. The detector transducer
need not even be linear, provided it does not exhibit
hysteresis. A further outstanding advantage of the method
1s that unknown impcdances of any phase angle may be
compared with any convenient standard impedance of
roughly the same order of magnitude.

Thus, for acoustical measurements, standard pure
negative reactances may easily be realised in the form of
cavities whose properties may be calculated from their
mechanical dimensions.  Similarly, for mechanical
measurements, the standard impedances may take the
form of lumped masses which have easily calculable pure
positive reactances.

The sct has so far been used in a laboratory form for
measurements of acoustical impedances of tubes and silk
cloth, and mechanical impedances of wvarious plastic
materials and of human flesh, especially over the mastoid
process. IFor this purpose, a mechanical transducer has
been devised, which enables the impedance to alternating-
forces to be measured in the presence of a much larger
static loading. The error of measurement is less than
43 per cent. over the frequency range 200 to 4,000 cfs,
using standard impedances between one-fiftth and five
times the impedances to be measured. The possibility of
using the set for electrical impedance measurements is of
limited direct use, but is indirectly very valuable, since it
affords an easy and reliable means of checking the accuracy
of the greater part of the measuring circuits.

.An acoustic impedance comparator working on some-
what similar principles was shown by S.R.D.E. at the
Physical Socicty’s Exhibition in 1949. The authors are
indebted to Mr. E. R. Wigan, formerly with S.R.D.E,, for
very helpful advice and discussion during the development
of the set described above. E. W. A.

J. Y. M



An Outline of the Principles
of Desigh and Analysis

of Experiments
UD.C. 519.2 160

D. L. RICHARDS, B.c.(Eng). F.5.5. AM.LEET

This article gives a brief outline of the background of modern methods of conducting investigations when highly variable material
must be used. Descriptions of the detailed statistical techniques are available elsewhere and the discussion is confined to the

comparatively simple conceptions on which the statistical technigues are logically based.

The experimental methods described

are extensively used at the P.O. Research Station for investigations which are concerned with problems of telephone transmission

and which involve human subjects.

Application of these methods to such problems ensures that unjustified and misleading

conclusions are not drawn.

NECESSITY FOR THE DESIGN OF EXPERIMENTS

" XPERIMENT" is defined as an ‘“‘act designed to
Ediscover some unknown truth or to test a
hypothesis.”” Whenever an observation or a
measurement is made, it may be said that an experiment
is being conducted. The simpler kinds of every-day
measurements, such as weighing with a chemical balance
or measuring resistance with a Wheatstone bridge, are not
usually regarded as experiments in themselves. A co-
ordinated set of such neasurements, however, would
constitute an experiment. When the experimental material
enables the results to be accurately repeated, one is hardly
aware of any necessity to design the experiments (using
“design” in a sense to be described later). Difficulty arises
when, after the same essential conditions have been set up,
the same measured results are not obtained. Sometimes
this is due tn an error in conducting the experiment but,
even when this is not present, ‘'unrepeatability” often
remains as a serious difficulty to be contended with.
Biological material is, of course, notorious for yielding
unrepeatable results, and it is unfortunate for the telephone
designer that there is a specimen of biological material at
each end of a telephone circuit! When measurements
using such material have to be made the lack of repeata-
bility must be accepted ; the problem is, then, what is the
best course of action in such a situation ?

Before considering the design of experiments adapted
to such conditions, it is useful to consider just why some
experimental materials come to be regarded as yielding
repeatable results and others as giving unrepeatable results.
The distinction lies in the accuracy with which it is desired
to make the measurements. An object may be regarded
as being in the ‘‘repeatable’ class so long as one does not
demand such precision in an answer that the results cannot
be repeated with the precision demanded. In many cases
it is then possible to refine the measuring instrument. If
this is done a limit will eventually be reached beyond which
the variability of the material itself which is being
measured determnines the unrepeatability of the result. In
experiments with biological material, unrepeatability results
even when very low precision is required. It is under-
standable, therefore, that considerable attention has been
given to the design of experiments in the fields of biology
and agriculture. This work was originated by Fisher in
this country and extended by Yates and others, both here
and in America.l' % 3

It is worth also noting a form of unrepeatability which
is present when measurements are made on manufactured
articles. In this case, a measurement can be repeated on a
given item to the required precision, but selection of
another item gives a different result. It is clear, therefore,
that “between item’’ variation can arise as distinct from
“within item’’ variation or ‘‘within measuring instrument’’
variation. In any of these cases the cxperimenter is faced
with unrepeatability.

t Senior Executive Engineer, Research Station.
) See references at end of Article.

TRUE VALUE OF A MEASURED QUANTITY

The meaning which can be attributed to measured results
will now bé considered. An experiment may well be
“‘designed to discover some unknown truth,” but (a) what
particular truth is required, and (d) why is it wanted?
The second question can, almost always, be answered by
saying it is desired to guide a future action by being able
to predict some future event. For example, “In a given
telephone call, what will be A’s talking level ?”’ or “In the
next transformer I design, using such and such materials,
what should T take to be the initial permeability ?"* An
answer to the first question is that a truth is required that is
best adapted to the prediction of future results. These
matters may seem rather philosophical, but it is extremely
important to be clear at the beginning of an experiment
what it is desired to find out. This is by no means always
the easy task it sounds, hut it is nften useful to ask what
action would be taken if a certain result were given.

A simple experiment will now be considered. The
examples are drawn from the field of speech voltage
measurements, but the principles are, of course, of very
wide application.

The question asked is:—

“For a given telephone circuit condition, what speech
voltage will be produced by talkers ?"”

In the experiment the telephone circuit is set up, carefully
controlling the conditions, such as line attenuation, micro-
phone current, sidetone level, room noise, etc., and two
people are caused to talk over it. It will be assumed
that the circuit is symmetrical, i.e., the physical conditions
presented to each talker are the same. The measured
speech voltages are —6-1 and —10-7, the units being
decibels relative to one volt. When, say, twenty people have
been persuadrd to take part, a set of readings results as
follows :-—

— 6-1 — 89 » —13-6 —10-9
—10-7 — 49 —11-1 —15-7
—136 —10-2 —15-1 —13-0
—13:1 —11-9 — 85 — 4.2
—15-6 — 62 —17-6 — 77

What can be extracted from these readings that will help
to predict the speech voltage of, say, the twenty-first
person ? It may be felt intuitively that the best single
value to rely on would be the mean of these readings,
namely —10-9 db. One might even go so far as to sayv the
true speech voltage is the mean of an infinite set of such
measured values, and that the departures actually
experienced are ascribable to ‘“‘error.”

This question of ‘‘true value’’ will now be considered a
little further. Suppose the series of speech voltage
observations were extended and the cumulative means
calculated (i.e., each observation is added to the total of all
the previous observations and a new mean taken). If the
cumulative mean is plotted against the number of the
observations, a graph, as Fig. 1, is obtained. It is im-
portant to note that the observations were arranged strictly
in order of being made and that the talkers were selected
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ANALYSIS OF A RANDOMISED Brocks EXPERIMENT

The analysis of the Randomised Blocks experiment
described previously will now be considered. Analysing an
experiment means choosing a pattern (usually, as in this
case, a mathematical model) which fits the observations, by
the use of the following set of rules. These rules are chosen
so that the resulting pattern is useful for predicting future
results.

(a) The pattern shall be as simple as consistency with the
facts will allow.

(b) One pattern is to be preferred to an equally simple
alternative if it fits more facts (e.g., if it fits the facts
of more than a single experiment).

(c) Choice between a simple pattern fitting a restricted
set of conditions and a more complicated pattern
fitting a more general set of conditions is governed by
the purpose for which predictions are required to be
made. There is no advantage in adopting a more
complicated pattern which will fit a more general set
of conditions which are not immediately relevant or
which will give greater precision in prediction than is
required.

The formal procedure of analysis is as follows :—

(1) Choice of a mathematical model of a suitable kind.

(2) Estimation of the most likely values of the parameters
of the chosen mathematical model.

(3) Tests of significance.

A mathematical model is-a system of equations which
describes a set of observed values, such as those of Table 3
given earlier, Each observation is regarded as comprising a
number of components which are directly additive. Thus,
if—

(i) the true grand mean is denoted by M ;
(ii) the difference between the true condition mean and
Mis 4,

and (iii) the differencc between the true talker mean and
M is B,

then the true value of the observation is M 4 A
The actual observed value (y) differs from M + A
because of experimental error which is denoted by e.

=M+ A+ B+ ¢

This equation represents the form of the mathematical
model which is used. In the prcsent casc there are, of course,
20 observed values, so that there is a set of 20 equations of
this form. This set cannot be solved directly in the ordinary
way, since there are too many unknowns. Each error
term e is, in general, different ; there are four different
A terms (one for each condition); and there are five
different B terms. Altogether, including M, there are,
therefore, 30 unknowns. If an interaction effect were
included, there would be a further 20 terms, but interaction
is here assumed not to exist.

The object of the analysis of an experiment is to calculate
estimated values of the unknowns, particularly the four
4 terms (i.e. the true condition effects). By making certain
generally acceptable assumptions,®® the most likely
estimates of the A4 terms can be very simply calculated.
Estimates of the terms M, 4 and B are denoted by the

+ B.
+ B

corresponding small letters. Thus,
m = grand mean of the observations
a = condition mean of the observations—grand mean
b = block (talker) mean of the observations—grand

mean.

In the present experiment, these estimates are as

follows :—
m = —11-3 b, = =317
a, = 420 by = —05
ag = +1:7 by = —0-4
a3 = —08 b, = +56

It 15 also p0551ble to calculate estimated values of
the error terms ¢, but these are not usually required.
Only the variance of the € terms need be estimated.

So far, {l) a suitable mathematical model has been
chosen and (2) the most likely values of its parameters have
been determined. It now remains to deal with (3), tests of
significance.

Tests f Stgnrficance.

It is the general purpose of the tests of significance made
in analysing a set of experimental observations to assess,
by a numerical measure, using the mathematical theory
of probability, the degree of belief which ought, rationally
on the evidence, to be given to any conclusion drawn from
the data.® The measure which is used is defined in terms
of probability : the numerical value for the highest possible
degree of credibility (certainty) is unity and the lowest
possible (impossibility) is zero. By convention, some level
such as 0-05 is regarded as the limit below which it is agreed
to act as though the proposition were false.

Making a statistical test of significance consists of calcu-
lating a probability. This calculation is considerably
simplified by the existence of tables prepared for the pur-
pose. It is not proposed to describe such tests in detail
here, but it is important to understand the nature of statis-
tical tests of significance. The purposes are to give rational
answers, based on the evidence, to the three following
questions.

(1) Is the particular mathematical model which has

been used valid ?

(2) Would a simpler mathematical model still provide
an adequate description ? (See the first rule for
choice of a descriptive pattern.)

(3) What quantitative flexibility in the values of the
parameters is possible without violating the adequacy
of the mathematical model as a description ?

In the present example (1) means testing whether the

e terms are independent Gaussian variates. In an experi-
ment of the present dimensions (20 observations), no very
sensitive test of this assumption is possible, but, on the
other hand, considerable departure will not cause mis-
leading inferences to be drawn. Provided reasonable
attention has been given to choosing the. units of the
dependent variable and to randomising the observations
within blocks, no special statistical test of (1) is necessary
except in a very large and complicated experiment.

Question (2) is almost always essential in any experi-
ment, unless a considerable body of evidence has already
been acquired relating to the magnitude of the error terms,
The procedure for the present example can be summarised
by the following question. If the condition effects, 4, were
all zero, would there still be a reasonable chance of getting
the set of estimated values @ which in fact were obtained ?
This hypothesis (called a null hypothesis) can be tested by
the analysis of variance method,? 3¢ which consists of
calculating a statistic which is a measure of the dispersion
of the set of a terms ; if every 4 were zero, the probability
of getting this value or a greater value is less than 0-0l.
This hypothesis, therefore, is not sufficiently credible and
must be regarded as false. Therefore the set of a are

‘“highly significant.”” The probability is calculated using
the estimated value of the error variance (i.e. the variance
of the e terms). Any terms of a mathematical model which
are not significant may be taken as z¢ro, thereby simplifying
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Signalling System A.C. No. 1 (2 V.F.)

D. C. SMITH, s.sc.(Eng). AM.LEET

Part |I.—Modifications to the existing 2 V.F. System for Trunk Mechanisation Requirements
and Outline of the operation of the latest equipment.

U.D.C. 621.395.63 : 621.394.441

Sigaalling System A.C. No. 1 embraces both the existing standard 2 V.F. (600/750 c/s) system of signalling and dialling, and the

modernised equipment which is now being introduced to meet the requirements of Trunk Mechanisation.

Part 1 of the article

includes a brief outline of the existing 2 V.F. system, an account of the steps taken to overcome its limitations, and a general
description of the modified system now being introduced. Part 2 will briefly cover the equipment developed far the latest system.

Introduction.

HE existing 2 V.F. system was first introduced in
I 1939 and to-day handles the bulk of inter-zone-
centre trunk traffic. In the past the 2 V.F. routes
outgoing from zone centres have been accessible only from
manual boards, and single-link trunk dialling with limited
access into the local network surrounding the objective zone
centreis all that has been permissible. With the mechanisa-
tion of Trunk and Toll traffic, having as its object that
controlling operators should be able to complete all calls
without assistance from intermediate operators, dialling over
several trunk lines in tandem will be required. Any one of
these links may employ voice frequency dialling and it is,
therefore, necessary,

(a) to permit access to outgoing 2 V.F. routes from
selector levels,

(b) to ensure that the impulse distortion performance of
the 2 V.F. equipment meets the requirements of
Trunk and Toll mechanisation, and

(¢) to ensurethat 2 V.F. circuits may be connected with-
out restriction to dialling circu’ts of other types.

OUTLINE OF THE EX1sTING 2 V.F. EQUIPMENT

Although the existing 2 V.F. equipment is fully described
elsewherel:238 it is perhaps useful at this stage if a brief
outline of it is given.

The system works on the pulse signalling principle and
uses tones of the two frequencies “X" (750 c/s) and “Y"”
(600 c/s). At each 2-wire end of the 2 V.F. dialling trunk
circuit there is, in the exchange, one or more relay sets and
an associated V.F. signal receiver. When a circuit is seized
by the operator inserting a plug into the multiple jack, a
short pulse of X tone is sent out to seize the distant end of
the circuit and to prepare the incoming equipment to receive
impulsing. When the operator dials, pulses of X tone
corresponding to the break pulses of the dial are sent out and
these are converted at the distant end into loop-disconnect
pulses to step the distant selector mechanisms.

When the called subscriber answers, a single short pulse
of Y tone is returned and this dims the operator’s calling
supervisory lamp. When the called party clears, a con-
tinuous train of Y pulses (140 mS of Y tone followed by
360 mS of silence) is returned to light the operator’s
calling supervisory lamp until she clears the circuit by
withdrawing her plug at the outgoing end. Should the
called party re-answer, the Y pulses are disconnected and
the operator’s lamp will be dimmed again.

The circuit is cleared from the outgoing end by sending a
long (2- or 6-second) pulse of X tone immediately followed
by a 300-mS pulse of Y tone. The X tone prepares the
incoming end for release and the Y tone following im-

t Executive Engineer, Telephone Development and Maintenance
Branch, Engineer-in-Chief's Office.

1 I.P.0.E.E. Printed Paper, No. 162.

* P.0.E.E.J., Vol. 29, p. 41.

3 P.O.E.D. Educational Pamphlet (Telephones 1/4).

4 P.0.E.E.J.. Vol. 30, p. 261.
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mediately on it causes cleardown to occur. The pulse of X
tone is of 2 or 6 seconds’ duration, depending upon whether
the call is answered or unanswered, respectively.

Any system of V.F. signalling on the speech path must
incorporate arrangements to ensure that there is little or no
chance of speech causing false signals. On the existing
2 V.F. system the speech path is split in the relay set at the
outgoing end and connected through only while the called
party is on the line. Before the called party answers,
supervisory tones are heard via a one-way repeater (the
stopper valve) in the outgoing relay set. Any noise
due to the calling party will be prevented from reaching
the line by the stopper valve. During conversation the
V.F. receivers at both ends of the circuit are exposed to
speech, and guard circuits working on the sub-harmonics
of the signalling frequencies were incorporated in the
receivers to minimise voice operation. In addition, the
signals to be sent (backward and forward clear) are of con-
siderable duration and are not recognised until a time-delay
guard has been overcome. This combination of frequency
guards on the receiver w'th time-delay guards in the relay
set has proved quite satisfactory in practice.

Arrangements are provided in the system to allow its use
on circuits equipped with echo suppressors. Until a call is
answered, it is arranged that the X pulse of the forward
clearing signal shall be of 6 seconds’ duration instead of
2 seconds, and also that the speech path shall be split in the
incomingrelay set for 1 second in every 5 seconds to prevent
an echo suppressor being permanently operated by any
continuous noise or tone (e.g., NU tone) and blocking the
path for forward signals. Thus, the forward clearing signal
(6 seconds) persists long enough to switch the echo
suppressor during a 1-second period and, holding it over,
will allow the signal to become effective at the incoming end.

After a call has been answered, there is still a chance of
the called party’s speech or noise operating an echo
suppressor and preventing the transmission of the forward
clearing signal. A ‘‘repeat clear” feature is, therefore, pro-
vided so that when the called party clears and, the forward
clearing signal having been lost (due to inopportune speech),
the backward clearing signal (pulses of Y tone) is sent back,
further forward clearing signals are sent from the outgoing
end until the Y pulses are disconnected, indicating that the
forward clearing signal has caused the incoming end to
cleardown. :

THE LIMITATIONS AND DIFFICUITIES OF THE EXISTING
2 V.F. SYSTEM AND THE STEPS TAKEN TO DEAL WITH THEM

Selector Level Access and the use cf Loop-Disconnect Impulsing
on Junctions preceding 2 V.IF. Links.

The provision of multi-link trunk dialling by permitting
access via selector levels into 2 V.F. signalling routes was
originally envisaged, but the facility was not used due to:—

(i) The time taken to seize equipment at the incoming
end of a 2 V.F. trunk circuit (and prepare it to receive
impulses) exceeding the time which may be available
during the inter-digit pause provided by an operator



dialling. It will be appreciated that the following

sequence of events has to occur:—

(@) The slow release of the group selector C relay.

{b) Rotary search to find a free outlet.

(c) Seizure of the outgoing 2 V.F. relay set.

(d) Transmission of a V.F. pulse as a seizure signal.

{e) Recognition of the V.F. seizure signal.

(f) Seizure of the incoming selector and its prepara-
tion to receive impulsing.

(1) The additional distortion of dialled pulses which
occurs if a junction using loop-disconnect impulsing is
connected in front of a 2 V.F. link using the existing
type of equipment. This distortion very severely
restricts the already limited access which may be
allowed into the objective local non-director network.

It was originally intended that (i) should be overcome by
operators pausing between digits, but later this solution was
not favoured.

Both the difficulties have been successfully overcome in
certain selected cases (e.g., Bath-Bristol and Bradford-
Leeds) by placing impulse repeating equipment of the
regenerative type? in front of the outgoing 2 V.F. relay set.
Difficulty (i) is overcome since the regenerator receives and
stores each digit before re-transmitting it, and therefore
the time available to seize the 2 V.F. link and prepare it for
the reception of impulsing is increased. The regenerator
also overcomes difficulty (ii), since it provides the 2 V.F.
link with a fresh source of impulsing independent of any
distortion incurred on preceding junctions. The use of a
regenerator entails the re-transmission of all digits and the

. relay set concerned automatically inserts between the digits
adequate inter-train pauses (of at least 800 mS), so that all
subsequent switching stages are allowed sufficient time for
unhurried operation.

Unfortunately this expedient of fitting a regenerative
auto-auto relay set in front of the outgoing 2 V.F. relay set
was not, with the existing equipment, suitable for multi-
link dialling, where any preceding link might also use
2 V.F. signalling. The difficulty which arises is that, when
an operator dials slowly and allows the regenerator to com-
plete the discharge of its stored digits before she has
finished dialling, the surge, which occurs as the relay set
changes over to the speech condition, may coincide with
subsequent impulsing and, by paralysing the V.F. receiver,
cause such impulsing to fail. This difficulty occurs when
regenerative auto-auto relay sets are encountered in the
local network following a 2 V.F. link. The eventual cure
which was found for this and other D.C. surges is discussed
later. By including the regenerator in the outgoing 2 V.F.
relay set, the surge difficulty could be avoided, as the
regenerator output could be made to control directly the
application of V.F. tone to line. Further advantages are
that one transmission bridge only is needed, and also one
stage of impulse repetition, with its attendant relays and
impulse distortion, is saved. This solution has, therefore,
been adopted for the new equipment.

Tandem Trunk Dialling.

When the existing system was designed it was envisaged
that it would be used for setting up tandem connections on
a dialling basis and that when two or more 2 V.F. links
became connected together, voice frequency signalling and
dialling would be end to end through the voice frequency
signalling part of the connection, without the repetition of
signals at the intermediate switching points. This is termed
end-to-end signalling and has the advantage that impulse
distortion is minimised and supervisory signalling is made
more rapid.

In order to bring about such end-to-end signalling,
discriminating conditions had to be passed in each direction

through the switching stages at the tandem exchange to
indicate to the next V.F. link that a 2 V.F. trunk circuit
was calling and not another type of circuit. The forward
discriminating condition used was to call with an earth on
both line wires, battery being returned on both line wires
as the backward discriminating condition. When two or
more 2 V.F. links became connected together, the dis-
criminating conditions rendered the incoming and outgoing
2 V.F. relay sets at the intermediate centres passive,
allowing speech and V.F. signals to pass in both directions
until the forward clearing signal was sent and released all
the 2 V.F. links in the connection.

Such discriminating conditions are not generally com-
municated by the other types of signalling systems which
may be employed on lines forming part of a multi-link
trunk connection, and to arrange for such systems to com-
municate discriminating signals would involve undesirable
complexity and cost. Thus, link-by-link working with
impulse repetition at each tandem point is likely to be
unavoidable in some cases and the impulsing performance
of the 2 V.F. system must be such as to allow for this type
of working.

Another aspect of the end-to-end signalling problem is
the comparatively large level and frequency variations
which are possible under adverse conditions on a multi-link
call. There was, it was thought, some risk that these
variations might exceed the performance of the early type
of 2 V.F. receiver.

The decision to abandon the end-to-end signalling
facility and to adopt link-by-link working as a general
principle was therefore taken. This decision allowed a
difficulty (described in the next paragraph) which had
arisen in connection with 2,000-type, 200-outlet final
selectors to be avoided.

Use with 2,000-type, 200-outlet Final Selectors.

The “‘earthed loop’' seizure condition extended by the
2 V.F. equipment to provide a discriminating condition and
obtain end-to-end V.F.signalling on 2 V.F. links in tandem,
conflicts with the wiper switching arrangements on the
200-outlet final selector. This difficulty was overcome by the
interposition of an auto-auto relay set. On the new equip-
ment, however, the end-to-end signalling feature having
been abandoned, normal loop seizure is used and the
problem no longer arises. Where auto-auto relay sets are in
use for this reason alone, the existing 2 V.F. equipment will
in due course be modified to provide normal loop seizure
and the auto-auto relay sets used for other purposes.

The effects cf Surges from the succeeding D.C. Network.

It was found that surges arising in the D.C. network
succeeding a 2 V.F. link can temporarily paralyse the 2 V.F.
receiver and prevent it impulsing correctly to V.F. tone
signals. In particular, the surges produced by the drop-back
of the transmission bridge in a loop dialling auto-auto relay
set incorporating a mechanical impulse regenerator cause
serious trouble since they may occur at any time with
respect to a following impulse train. Fortunately most other
surges occur during intertrain pause periods and, therefore,
do not cause serious trouble.

Investigations have shown that by connecting a voltage
limiter (two copper oxide rectifiers) across the line during
the setting up of the call, all surges arising are suitably
attenuated and do not adversely affect the V.F. receiver.
The rectifiers cause some reduction in the level of super-
visory tones if these are loud, but otherwise the slight loss
which the presence of the rectifiers causes is made good by
the gain of the stopper valve stage in the outgoing relay set.

Surge-suppression rectifiers will be fitted retrospectively
on the existing 2 V.F. equipment where it is desirable to use
it for working into regenerative auto-auto relay sets.
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Tone Feed Circuit Faults Leading to Failure to Transmit
V.F. Tone Signals.

Investigations into the performance of the existing 2 V.F.
system have shown that a large proportion of the failures is
due to faulty contacts in the tone feed circuits. The faults
are often of an intermittent character and, therefore,
difficult to locate. The contacts concerned connect the V.F.
tones to line for dialling and signalling, and it is not feasible
to ““‘wet”’ these contacts because the D.C. surges produced
would distort the V.F. signals.

The trouble has been reduced to an appreciable extent by
the use of platinum contacts instead of silver. On the new
equipment, static relays (rectifier modulators) are being
used and are expected to eliminate the trouble.

Frequency Variation.

The motor generators used to supply V.F. tones were
driven by synchronous motors from the A.C. mains. War-
time variation of the mains frequency led to prolonged
running of the stand-by (battery-driven) machines, which
themselves were liable to occasional short-term frequency
variations. It was, therefore, decided to provide V.F.
oscillators to supply tones at all existing and future centres.
In addition, the bandwidth of the new V.F. receiver has
been made much wider than that provided on the earlier
types. This will also allow wider margins for frequency
change on the line (e.g., due to abnormal carrier drift).

Overloading ¢f Common Amplifiers on Multi-Channel

Carrier Systems.

It was thought that amplifier overloading might be
caused by the number and level of V.F. tone signals occur-
ring simultaneously. This is most likely in connection with
the backward clearing signal which is a continuous train of
Y tone pulses.

On the existing 2 V.F. system it was considered advisable
toreduce the Y tone level from 4 3 db. to — 3 db. (reference
1 mW in 600 ohms), the X tone level being retained at
+ 3 db. In addition, the Y tone pulses for backward
clearing signals have been “staggered’” by having three
different pulse supplies to the relay sets.

It is proposed to continue using the existing tone levels
on the new equipment since the new equipment at one end
of a circuit may be working with the old-type equipment
at the other and the performance of the oldest type of
signal receiver (TI. 1750) leaves little margin for further
reduction in signal level. With the new receivers (AT 4931
and AT 5331), however, a further reduction in signal level
is possible, should it ever be decided upon, and provision
for it is being made on the equipment.

Use ¢f Audible Signals at Intermediate Stages.

In the existing systems, an operator, if instructed to
attempt dialling over two 2 V.F. links connected in tandem
by a director-type exchange, would receive one ‘“pip” of
900 c/s tone when an A-digit selector is found at the tandem
and another when the director has released. If the objective
centre is also of the director type the operator would hear
another set of “pips’’; these might run into a previous set
and cause one to be lost. On non-director calls there are no
“pips’’ and the net effect of the varying numbers of “pips”’
makes the instruction of operators very difhcult.

Further, when a bridge control exchange is dialling via
a D.C. link into a 2 V.F. link, the operator is unable to hear
any “‘pip’’ signals unless she restores her dial key, which she
is unlikcly to do at the correct time.

In the new equipment for auto-auto working, the use of
a regenerator at the outgoing end of the 2 V.F. link avoids
any necessity for the operator to listen for “pip” signals.
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However, Trunk Mechanisation, being on a non-director
basis, no application is likely for the feature except possibly
in connection with the existing director-type installations.

Dependence cf Speech on the Return of an Answer Signal,

The forward direction speech path is established only
when the called party answers (it having been appropriated
for impulsing during the setting up of the call). Further,
when the called party clears a backward clearing signal
(consisting of a continuous train of ¥ pulses) is returned
and the speech path is severed in both directions. Thus,
speech is impossible unless the correct answering condition
is being returned. This leads to complications in the case of
non-meter services, such as changed-number interception,
which cannot normally return an answer signal for fear of
causing metering on local calls. The operators conccrned
require a special operating procedure to overcome the
difhculty.

Speech is also impossible if a line reversal in the local
network is encountered, since this will interchange the
called party answer and clear conditions. Such a reversal is
a definite fault condition, which will cause false supervision
on all calls (trunk and local) and premature metering on
local calls.

The new equipment is an extension of the existing system,
with which it is required to interwork. It uses the same
basic signalling code and signalling is carried out to and
from the 2-wire ends of the line. It has, therefore, not been
possible to avoid continuing to make speech dependent on
the receipt of a correct answer signal.

Dialling into Small Automatic Exchanges (U.A.X.s 12 and
13) whick return Dial Tone on all Calls.

If dial tone is encountered on a connection being set up
over a V.F. dialling route, the dial tone will constitute a
“noise’’ and, if the signal-to-noise performance of the V.F.
signalling receiver is not adequate, impulsing will become
distorted or may even be completely prevented. A further
complication arises if the V.F. signalling link is equipped
with echo suppressors. The dial tone operates the echo
suppressor and blocks completely the forward direction
transmission path so that further impulsing is impossible
since the pulses of V.F. tone will never reach the V.F.
receiver.

The new V.F. receiver has a very good impulsing per-
formance, even under conditions of severe noise and it will
readily impulse in face of dial tone. It is hoped to accom-
modate the less satisfactory performance of the earlier
types of receiver by ensuring that the level of dial tone at
U.A.X.s 12 and 13 is not excessive,

Where the 2 V.¥. circuits are equipped with echo
suppressors, through-dialling cannot be permitted unless
arrangements are made to disconnect dial tone or otherwise
to prevent it reaching the trunk circuits. Since the line-
finders and selectors at U.A.X.s 12 and 13 handle both
subscribers’ and junction traffic, dial tone cannot be dis-
connected, but examination of the problem has shown that
a possible solution is the temporary disconnection of the
transmission path, in the relay set outgoing to the U.A.X.
junction, until one digit has been dialled into the U.A.X.
The introduction generally of a modification of this type is
not at the moment favoured in view of the large number of
relay sets involved. Fortunately, the number of circuits
which need to be equipped with echo suppressors is com-
paratively small and is decreasing. It is hoped that it will
be possible to mitigate the difficulty by suitable utilisation
of the circuits equipped with echo suppressors and by
routing the small residual amount of traffic via the manual
board.





















A Subscriber’s Battery-Operated

Single-Channel V.H.F. Radio-
Telephone Equipment

U.D.C. 621.396.5

J. H. H. MERRIMAN, M.sc., Alnst.p., AM.LEE.,
R. HAMER, AM.LEEE.. and
B. R. HORSFIELD, Am.ieet

This article describes experimental equipment operating in the 70-90 Mc/s range, using phase modulation and powered by primary

batteries, which, together with signalling units, provides a duplex radio channel for connection in a subscriber’s line ciccuit. The

characteristics of this equipment which make it suitable for providing telephone service to isolated communities are explained and
mention is made of the performance obtained on experimental links using such equipment,

Introduction.

HE provision and maintenance of telephone
service to isolated communities presents a com-

bination of technical and economic problems not |

usually encountered in those parts of the country where
telephone plant density is relatively high. Examples of
such isolated communities in the U.K. are islands off the
north-west coast of Scotland, remote hill farms in the
Yorkshire dales, or groups of crofters separated from the
normal flow of mainland life by a loch. Under such circum-
stances, the provision of telephone service by normal
methods presents difficulties, both in construction and
maintenance, whether by overhead pole route or by
underwater cable. Accordingly, in 1935, a simplex V.H.F.
radio system!2, over which telegrams could be dictated
at prearranged times, was developed to link such localities
to the nearest convenient point on the mainland. A number
of these links have been installed, and have given excellent
service over a long period ; but, in 1946, it was felt desirable
to develop equipment which would improve and extend the
service, and enable such communities to be linked with the
inland trunk network.

There are, however, factors which are peculiar to the
problem of maintenance of any form of telephone plant in
such localities. Because of the low plant density, the
maintenance base must, of necessity, be far distant, and
the time spent in travelling is quite disproportionate to the
time spent at work. Because of remoteness, there is
usually no public power supply in these localities. There-
fore, not only must the telecommunication plant be
capable of operating independently of any public power
supply, but it must also do so for long periods without
attention. This combination imposes many restrictions
upon the equipment design, and it is the purpose of this
article to describe recently-developed equipment in which
not only are these restrictions overcome, but the facilities
offered by the earlier 1936 equipment are considerably
expanded and, in fact, enable the radio link to be integrated

- with the inland network.

In considering the fundamental design of the system, it
was postulated that the equipment would have to satisfy
the following two basic requirements :—

1. That it should be suitable for connection as a sub-

scriber’s or kiosk line to any type of exchange.

2. That it should be suitable for operation without

maintenance attention for not less than three months.

It was appreciated that the provision of a reliable and
economical power supply was one of the major design
factors, and a large number of possible forms of power

tThe authors ! are, respectively: Senior Executive Engineer,
Engineer-in-Chief's Office (Radio Planning and Provision Branch);
Executive Engineer (Radio Exper. and Dev. Branch); and Executive
Engineer (Telephone Dev. and Maint. Branch).

1“The Introduction of Ultra-Short-Wave Radio Links into the
Telephone Network.’' A, H, Mumford and D. A. Thorn. P.O.E.E.],,
Val, 31, p. 93.

1"“Ultra-Short-Wave Radio Telephone Circuits.”” D. A. Thorn and
H. T. Mitchell. I.P.O.E.E. Paper No. 158.

supply, ranging from thermopiles and weight-driven
generators to wind-driven generators, were considered.
Experiments with a number of possible operating fre-
quencies and forms of modulation were carried out, and
eventually it was decided to develop radio equipment
operating in the 70-90 Mc/s frequency range, using phase
modulation and powered by primary batteries. Economic
considerations, together with the need to operate from
primary batteries, required the use of a very low-power
transmitter and the acceptance of a relatively low value of
signal-to-noise ratio. The equipment was therefore de-
signed to yield an output signal-to-noise ratio of not worse
than 30 db. over a link of up to about 25 miles on routes
with clear and unobstructed radio paths between the
terminals, preliminary examination having shown that
this would be satisfactory for most of the applications
foreseen in the U.K.

For U.K. installations using the type of equipment to
be described, it can be shown that the length of route at
which line costs are equal to radio costs on an annual .
charge basis is between 6 and 10 miles for a line route of
average construction. The use of radio for spanning a
shorter distance would often provide a more economical
solution, as, for example, in routes involving submarine
or subaqueous cable, the blasting of pole-holes, etc., where
construction costs are well above the average. In fact,
in certain cases, where the type of conditions render the
use of submarine cables impracticable, radio offers the only
possible means of providing service, again emphasising the
fact, however, that an unobstructed radio path is necessary.

DESCRIPTION OF EQUIPMENT
General.

The radio-telephone equipment permits a duplex radio
channel with complete signalling facilities to be included
in a subscriber’s line circuit. Each radio link requires two
transmitters, two receivers and two signalling units, with
associated power supphes as shown in the block schematic
diagram, Fig. 1.

The equipment has been designed to operate unattended
in unheated accommodation, and power economy has been
a dominating factor in the design. Although power supply
units operating from A.C. mains or exchange secondary
batteries have also been developed, the circuit desiyn of
the transmitter and receiver has been governed by the
need for them to operate for several months from primary
batteries of reasonable size. This has been achieved by
the use of miniature valves of extremely low total power
consumption and by arranging that in the absence of
traffic, the receiver is not continuously operated, but is
only momentarily energised at half-minute intervals to
test for the presence of an incoming calling signal ; similarly,
the transmitter is energised only when a local calling signal
is applied to it. A relay timing circuit contained in each
signalling unit performs the function of switching the
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Communications for the
Festival of Britain, 1951

U.D.C. 06.078: 621.395.2

A. ALEXANDERY}

This article gives a brief outline of the communication facilities provided for the Festival of Britain on the South Bank and other
exhibition sites. Although most of the equipment provided is of standard type, interest arises from the large amount of work
involved, the unusual installation conditions and the very short time available for completion.

Intreduction.

HEN the South Bank Exhibition was opened
by His Majesty King George VI on the 4th

May 1951, to mark the centenary of the Great
Exhibition of 1851, the results of two years of intensive
labour were revealed to the public. The site extends over
some 27 acres, bounded by the River Thames, York Road,
County Hall and Waterloo Bridge. Within the 30 prin-
cipal buildings the Exhibition tells a continuous story of
British history and achicvements, each pavilion providing
a chapter. The site is divided by the Hungerford railway
bridge and use is made of this division by basing the
Exhibition layout on two sequences of buildings. The
sequence lying upstream from Hungerford Bridge tclls the
story of the land of Br'tain and what the British have
derived from it; while the other, downstream from
Hungerford Bridge, concerns itself with the People of
Britain in their everyday surroundings.

The main buildings, w’th the exception of the Royal
Festival Hall, are all temporary structures, and are con-
structed from a wide variety of materials including stecl,
concrete, brick, wood, asbestos, glass, aluminium, and
fabrics of various kinds.

General.

Because of the compact nature of the site and the large
numberof people tobeadmitted —up to 60,000 at any time—
a system of controls has been evolved to cater for the day-
to-day running of the Exhibition and to deal with any
emergencies. These controls include the fire alarm system ;
a crowd counting system coupled to the entrance and ex’t
turnstiles so that the number within the Exhibition is
recorded at any moment; a lamp signalling system to
attract the attention of key members of the Festival staff ;
a watchman patrol system which indicates the non-arrival
of the night staff at any point on their rounds by a pre-
arranged time ; a public address system for announcements
and rediffusion of music ; a master and slave clock system
for time keeping ; and a number of control cabins situated
at vantage points. These control cabins are staffed during
the hours the Exhibition is open and are provided with
telephonic communication to the Administration authorities.

All these control systems are centred on the main control
room, with the exception of an Administration P.B.X.,
which is situated in accommodation shared with the B.B.C.,
adjacent to the Royal Festival Hall.

Description ¢f Communications.

Preliminary discussions with the Festival authorities
revealed the need for two separate telephone installations,
a P.B.X. with approximately 400 extensions to serve as the
Administration switchboard for the Festival, and a separate
P.B.X. for emergency and control use with a maximum of
30 extensions.

In view of the anticipated traffic, and the need for
intercommunication with the other exhibition sites and

[estival offices throughout London, it was decided that the

7 Assistant Engineer, Engineering Branch, London Telecommuni-
cations Region.

Administration switchboard should be a 10-position
P.M.B.X.IA. With this in mind, a request was made
to the Festival authorities to provide the necessary switch-
room and staff welfare accommodation in a central position.
Eventually, accommodation underneath the Festival Hall
terrace on the east side of the Hall was provided for the
exchange.

A distinctive telephone number for the Festival was
suggested, and as the South Bank site 1s in the Waterloo
exchange area, the number WATerloo 1951 was accepted.
A P.B.X. group of 30 lincs was reserved and, to ensure that
the TFestival had the appropriate directory entry in
advance of the opening date, the first 10 lines of the group
were brought into service in February 1949, at the Festival
Office, P.B.X. at 2 Savoy Court.

As there was a shortage of junctions between Waterloo
exchange and Temple Bar exchange, which serves Savoy
Court, it was necessary to extend an existing 100 pr.[10
Ib. cable from Waterloo exchange via the Strand into Savoy
Court. By this means, it was also possible to give tem-
porary service on the site prior to the opening of the
Administration P.B.X,, and to provide 30 inter-switchboard
extensions when the WATerloo 1951 lines were transferred
to the Administration switchboard.

Exchange service was not required on the Emergency
switchboard, but subsequently it was found necessary to
provide circuits to certain external bodies. A switchboard
10 + 50/65 was provided for these services which are
included on the communication diagram (Fig. 1).

Telephone kiosks of an original design were installed by
the Festival authorities at convenient points throughout
the site but, unfortunately, these have certain defects and
they have not proved entirely satisfactory in use. In
addition, a number of call office suites situated in
restaurants have been included by the architects in the
general features of the designs. With a few exceptions these
accommodate a standard Jubilee Pattern wallboard, but
a number of ingenious ideas have been incorporated ; in
particular, one for the use of the Press in which the occupant
makes his call while seated at a desk, and another with a
single sheet of glass for a door, so pivoted that when it is
open two-thirds of it is within the call office, while one-third
of it remains outside. In all, there are 54 call offices on the
site, excluding those in the Post Office suite.

As can well be imagined, the Exhibition provides a
fruitful source of material for broadcasting, a fact which
was not lost sight of by the B.B.C., and circuits have been
provided from the Broadcasting Centre adjacent to the
Administration P.B.X. to 13 single and 7 double micro-
phone points throughout the site. Each single point
requires 3 pairs of wires and each double point 6 pairs. A
number of circuits have also been provided from the
Broadcasting Centre to Broadcasting House and Bush
House for the transmission of programmes originating from
the Exhibition.

The television service was met by the provision of a spur
of the London/N.E.—Sth. Wimbledon coaxial cable from
a switching point in Waterloo Station to the television
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very fine television sets. Here we must pay tribute to Mr.
F. Bent, District Manager, Eastern Electricity Board, who
co-operated with us in making the arrangements and attended
with his staff. Also present were the Telephone Manager, the
Area Engineer and local supervising officers, over 50 in all.
The lecturer answered many questions, and these, together with
the discussion which followed, indicated the interest with
which the lecture had been followed. The rapid passing of
time compelled the Chairman to close one of the most successful
‘meetings sv far held by this centre.

On 11th April, a further very interesting lecture and
demonstration on ‘‘Radio and Television Interference'’ was
given by member Mr. T. Leadbitter (High Wycombe). Sur-
rounded by various interference provoking instruments, one
television set and one radio set, Mr. Leadbitter produced a
variety of devastating noises and picture distortions, followed
by practical suggestions for suppressing them. For this
meeting we again enjoyed the hospitality of Mr. Bent and his
staffat the Electricity Showrooms, Aylesburv, the total number
present being about §0.

Arrangements are in hand for a visit to an electrical instru-
ment works, and lectures on (1) ‘“Building a Motor Cycle and
Sidecar’”; (2) "Constructing a Puppet Theatre’”; and
(3) “Cycle Racing.” H. J. T

Darlington Centre

An illustrated talk on “Ste¢l” was the feature for our
February meeting which attracted a good attendance. Mr. W.
French, AM.I.LMech.E,, FIW.M. (Darlington and Simpson
Rolling Mills, Ltd.), outlined the various aspects of the industry
and the specialised work of his own, firm. Colour films—from
the Sheffield Steel Institute—were shown depicting scenes in
various steel works, including works situated in the North-
East and they were thoroughly enjoyed. The discussion
which followed was obviously enjoyed by Mr. French and the
members alike, and an invitation to visit the Darlington
Rolling Mills was accepted.

Tuesday, 13th March, marked the fulfilment of a ''sporting
fixture’’—a Quiz—Darlington v. Middlesbrough. Prior to
the kick-off, a pleasant little ceremony took place at the
Darlington end, where the Telephone Manager (Colonel J. R.
Sutcliffe) presented his prize to Mr. G. Dale for the best talk

given to the Darlington and Middlesbrough Junior Centres."

Darlington emerged as the victors in the battle of wits, note-
worthy for the good team work, and there were no complaints
about the referee (Mr. A. C. Pitcairn, Area Engineer). The
success of this Quiz augers well for any future matches between
the two Centres or for inter-Area events.

The last meeting of the session on 10th April, 1951, proved
to be a very bright affair and the subject was most appropriate
for the season. The speaker was Dr. W. C. Fothergill, M.D.,
MB., CH.B, DRME, and the subject “Colour
Photography.”” Dr. Fothergill described the development and
progress of the art and illustrated several.examples of his own
work—the collection included photographs of local beauty
spots shown in their glorious natural colours. Confirmation
of the happy choice of the talk was signified by the enthusiasm
shown at the meeting at which the Telephone Manager and
the Area Engineer were present.

 Written papers read during the session have been submitted,
in respect of two members, for the Regional and National
Competitions. C.N. H.

Glasgow and West of Scotland Centre

We have now completed our programme for the year.
Whilst the membership (59) is good, it could be much better.
The attendance at the lectures could be greatly improved upon,
but the visits were very well attended. Several of the
members made very good use of the Library facilities.

At the annual general meeting on 20th April, it was decided
to continue for another session, and the following office-bearers
were elected :(—

President, F. R. B. Bucknall, D.TM.; Vice-President,
RR. T. Shanks, T.O. ; Secretary and Treasurer, |. Earls, Y.-in-T.

Committee : -W. R. Craig, T.O.; J. J. Browne, T.O.,; ]
Goldie, T.O.; J. Moore, T.1; W. Livingstone, T.2A; and thre
Youths to be co-opted.

The programme for 1951-52 was discussed at some lengt:

and the following talks and visits were suggested .—

Lectures-on Television, Radar, Radio inthe P.O., The B.E.A

Grid and Control System; Visits to Cable Ship, Coplaw Roa

Works, Scottish Iron and Steel Works.

It is hoped to arrange a full programme, and suggestion
will be gratefully received by the Secretary. Watch out fo
further notes, and ‘"Let Glasgow Flourish.” J.C.E.

London Centre

The session 1950-51 has seen what may prove to be :
notable event in the history of the Junior Section, namely
the formation of a Radio Group within the framework of th
Lendon Centre. It was to assist members in the practice
side of radio communication that the idea of a Radio Grou
was conceived. With a membership of 278 the Radio Grou
is now a permanent feature of the London Centre,

The Junior Section Handbook is now complete and is a
present in the hands of members of the Institution fo
verification of accuracy.

The Sub-Committee formed to collect data for the formatio:
of the proposed National Junior Section Council, has mad
good progress. In this connection it is desired to dras
attention to the following :—

IMPORTANT NOTICE

Will all . P.O.E.E. (Junior Section) Centre Secretaries pleas
communicate the name, official address, and telephon
number of their Centre Chairman, to: ‘

Mr. P. SAYERS. LD/EE7,
South East Block,
Faraday Building, London, E.C.4.
Details of the proposed National Junior Section Council wi
then be forwarded direct.

Youths-in-training are reminded that the London Centr
“Youths' Essay Competition’ is still in existence, and prize
of £2, £1 and 10s. are offered for papers submitted.

The London Centre Librarian has distributed a total o
4,312 periodicals during the year. The aim of the Centre-i
to complete the circulation of a periodical within six menth
of the date of issue; it is essential therefore that member
co-operate by not retaining an issue more than two days.

The total membership of the London Centre is 2,693, bu
more members, particularly external personnel, would be ver
welcome, M. J.G.

Middlesbrough Centre

Our last ordinary meeting for the 1950-51 session was hel
on the 13th March, and we are now in a position to report
steady increase in attendances at our meetings.

On the 22nd February, Mr. R. Dingwall, MI.LE.E., ¢
Messrs. Dorman Long & Co., Ltd., Middlesbrough, gave a
interesting and instructive talk on "Electrical Engineering i
Iron and Steel Works.” During the lively discussion whic
fellowed, several questions were put to the speaker, and th
talk proved to be most instructive.

To complete the programme, the Inter-Centre Two-Wa
Quiz between Darlington and Middlesbrough took place on th
13th March. All members who attended voted the venture :
great success. At “‘Close of play” Darlington proved then
selves the better team, having defeated Middlesbrough b
10 points, the total scores reading—Darlington 66 point:
Middlesbrough 56 points. Our thanks are due to the ethcier
Quiz-master, Mr. A. C. Pitcairn, Area Engineer, and to Messr
H. C. Naylor and B. V. Northall, for their services. It
hoped that another Two-Way Quiz will be included in th
programme for the next session.

At the time of writing the annual general meeting of th
Middlesbrough Centre is planned to take place on the 10t
May. ]J. B.
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