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The development of a new telephone receiver, described in the last issue of the Journal, has made possible the design of a range

of new telephone sets with transmission performance substantially better than that of the 300-type telephones which have been the

standard instruments used in the British Post Office network for the past 20 years. This article discusses the problems that arise

when a new telephone is to be introduced into an existing network, and describes the development of the new, 700-Type Telephone
for the British Post Office and the advantages to be gained from it.

INTRODUCTION

7‘]-"\0 engineers concerned with the transmission of
speech a telephone is not so much a particular

physical instrument as a collection of transmission
components, the transmitter, receiver and induction coil,
and the circuit that connects them. The telephone manu-
factured at the present time for the British Post Office is
summed up in the shorthand description *“13-2P-27,”
indicating that its vital components are the Transmitter,
Inset, No. 13, the Receiver, Inset, No. 2P and the Coil,
Induction, No. 27. This “telephone” exists in a number
of different physical forms, but of these the combined-set
table-telephone, Telephone No. 332, is by far the most
common. This article describes both the development of a
new telephone in the general sense of the word and a
combined-set table-telephone embodiment of it, Telephone
No. 700.

There are many reasons why the design of an adminis-
tration’s telephone should not be changed, but there comes
a time when the accumulated improvements in material
available and in manufacturing techniques, and the
increased knowledge of circuit designers, promises a
sufficient improvement in performance, and consequent
economy in use, to justify major changes. By the end of
the 1939-45 war, Telephone No. 332 was nearly 10 years
old, the handset and transmitter being even older, and
although little had been done on telephone design
during the war it was clear from the progress made in
allied branches of the electrical art that more-efficient
telephones could be designed. A program was therefore
initiated, through the British Telephone Technical Develop-
ment Committee,! to develop new transmitters and
receivers as the starting point for a new telephone, and
this resulted in a new receiver of greatly increased efficiency
becoming available by 1952.

The design of a better transmitter than the Inset No. 13
proved to be more difficult, but the work on transmitters
had shown that a significant increase in their output was
unlikely; the more likely improvements being greater
uniformity of frequency response and less amplitude dis-
tortion. Thus, a new transmitter, provided that it was made
physically interchangeable with its predecessor, could be
included in a new telephone at a later date without appreci-
ably affecting the balance struck between sending and
receiving efficiencies. It was decided, therefore, to design a
new telephone using the existing standard transmitter, and

+ The authors are, respectively, E;{ecutive Engineer, Subscribers’
Apparatus and Miscellaneous Services Branch, E.-in-C.’s Office,

and Executive Engineer, Post Office Research Station.
1 For numbered references see end of article.

to obtain the required improvement in transmission
efficiency from the increased efficiency of the receiver and
the re-design of the transmission circuit.

Not the least problem in designing a new telephone is
deciding the kind of performance that is wanted from it,
and this is greatly influenced by the local line network in
which it is to be used, by the performance of the telephones
already in use and by the method used to plan the network.
The early part of this article therefore touches briefly upon
these factors, showing how they have influenced the
resulting telephone. The remainder of the article describes
the components used in the new telephone, its circuit and
performance, its design for flexibility in use, and the
complete telephone.

TreE BritisH Post OFFICE METHOD OF EVALUATING
TrAaNSMISSION PERFORMANCE FOR LocAL NETWORK
PranNinGg

Assessment of Transmission Performance.

The evolution of a new telephone instrument involves
many intermediate designs, the difference in performance
between successive instruments often being very small.
Good design relies upon the ability to compare experimental
telephone sets with each other and with the existing
telephone so that the value of each improvement can be
assessed. The problem is how to compare two telephones,
and in what terms. Unfortunately, there is yet no simple
solution involving a single method, for, bearing in mind that
the only true assessment of the efficiency of a telephone
is obtained from human reactions, and considering
the enormous ranges of speaking and hearing qualities
which are characteristic of telephone users, it is obvious
that accuracy is not easily obtainable.

The two instruments can be connected in turn to an
exchange line, a connexion set up and comparison made
between them for both sending and receiving, but this is
not very practical. If the telephones are almost equal in
performance, it is quite possible that, in choosing which is
the better, a second pair of observers will not have the
same preference. Also, the sets are compared under one
line condition only, and it can be shown that the perform-
ance of a telephone is affected to a considerable degree by
the circuit into which it works. Thus, to compare accurately
the usefulness of two sets, it is necessary to obtain the mean
of many opinions and repeat this whole procedure under
several line conditions; a formidable task which has to be
eased as much as possible by somewhat artificial but less
time-consuming methods.

To this end the British Post Office has so far adopted
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the practice of using articulation tests as a basis for
assessing the performance of any telephone on a single
specified line and transmission bridge (for convenience,
any combination of set, line and bridge will be given the
general title “local telephone circuit”) relative to that of a
“standard” local telephone circuit (defined later). Calcu-
lation techniques based on the results of electrical measure-
ments and subjectively obtained data are then used to
extend the information to obtain both sending and
receiving performances of this set as a function of cable
gauge and length, from the single-valued articulation
ratings. These relative performances are known as
Transmission Performance Ratings.

In the articulation test? consonant-vowel-consonant
combinations (often meaningless) are spoken into the
sending transmitter of the connexion at a controlled vocal
level and speaking distance, while listeners record what
they think is said. Some 1,500 monosyllables are received
over the connexion for each of several junction attenua-
tions, so obtaining a percentage score of sounds correctly
received for each setting. The attenuation for an 80 per
cent correct score of sounds is then determined. Repetition
of the procedure for another connexion enables the necessary
comparisons to be made. In this type of test the actual
level of listening is made very low because the testing team
is highly trained and at normal telephone listening levels
on most circuits their scores would approach 100 per cent.
To cater for room noise experienced by subscribers, a stan-
dard, controlled level of noise3 is generated by loudspeakers
in the rooms in which the listeners are seated.

It will be noted that several artificialities have been
introduced into the tests; control of talking level, talking
distance, listening level, listening-room noise conditions,
and the use of non-representative subjects. These have
been introduced in order to obtain reasonable precision
with minimum testing. The room noise enables the test
to include weighting for the side-tone performance of the
instrument, for under noisy conditions poor side-tone
suppression adversely affects receiving performance. The
noise is presented to the ear by the receiver via the side-
tone path, in conjunction with the wanted signal. The signal/
noise ratio is thus lower for high side-tone and for loud
room noise. In addition, a telephone handset introduces
an unnatural transmission path between the mouth and
one ear of the user; the subconcious effort made to adjust
the voice to the accustomed loudness results in a change
in the talker’s voice level; for high side-tone levels the voice
level is lowered and for low side-tone levels it is raised.*
For sending, a correction is made for the effect of the side-
tone that has been lost by the artificial control of the voice
level.

The calculation technique® involves pure-tone compari-
sons wherever these are shown to be practicable; that is,
when comparison of the transmission performance of any
similar telephone connexion links (e.g. induction coils,
subscribers’ lines, transmission bridges) by a pure-tone
method produces a similar answer to that which would be
obtained subjectively. An example is the use of the
attenuation of trunk lines at 1,600 c/s as a measure of their
speech transmission loss. The number of frequencies to be
used in other cases depends on the degree of irregularity
in the characteristics being compared.

Thus, the performance of one local telephone circuit can
be expressed relative to that of another. If the two
local telephone circuits contain the same subscriber’s line
and transmission bridge, but different telephone sets, then
the relative performance of the sets is obtained. By
repeating this procedure over a range of line and trans-
mission-bridge conditions, an estimate of the improvement
of a new set over any other telephone set can be made.
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Control of Network Transmission.

There is obviously a limit to the overall transmission
loss which any two subscribers should experience on a call.
What constitutes a satisfactory service is a question
difficult for a subscriber to answer and almost impossible
for an administration to determine when the needs of all its
subscribers are considered in conjunction with the balance
between cost and service. It is not intended here to con-
sider the problem in detail, but to show simply and briefly
the Post Office method of planning so that discussion of
the performance of the new telephone will be appreciated.

For transmission planning, the British network is divided
into two parts: the local network of subscribers’ installa-
tions, subscribers” lines and exchange-transmission bridges;
and the junction and trunk network. The local network is
planned so that no local telephone circuit has a transmission
performance worse for either sending or receiving than that
of the Standard Local Telephone Circuit. Similarly, the
junction and trunk network is arranged so that the total
losses do not exceed that value which, when interposed
between two of the Standard Local Telephone Circuits,
would produce “just satisfactory’” transmission per-
formance. Guidance on what constitutes a “just satis-
factory” transmission performance was obtained several
years ago by asking some 1,700 persons to converse over
telephone connexions of various grades of performance so
that a relationship between “opinions of usability” and
attenuation could be obtained.

Since more-sensitive telephone instruments can tolerate
longer or smaller-gauge lines for equivalent transmission
performance, the method of determining the lengths of the
various gauges of subscribers’ cables which, in conjunction
with a particular telephone instrument and transmission
bridge, will make up a local telephone circuit having a
transmission performance equal to that of the Standard
Local Telephone Circuit, is of particular interest.

The Standard Local Telephone Circuit consists of a
Telephone No. 162 with Bell Set No. 25, connected via
2-56 miles (450 ohms) of 10-Ib cable to a 50V Stone trans-
mission bridge with 200 -+ 200-ohm relays. It has recently
become apparent that when telephones with modern anti-
side-tone circuits are compared by articulation-testing tech-
niques with the Standard Local Telephone Circuit, which
does not include a true anti-side-tone telephone, receiving
ratings are consistently obtained which are about 6 dB
higher than those obtained by less artificial techniques.
(The sending ratings obtained by the different methods of
comparison are in reasonably close agreement.) These
differences are probably attributable to the artificial nature
of articulation tests, although the exact contribution of
each of the various subjective factors involved is still being
investigated. From this consideration, with others involv-
ing international connexions, it has recently become clear
that while articulation tests form the basis of line-planning
transmission-performance assessments, the receiving limit
should be reduced by 6 dB. Telephone No. 332 meets this
raised limit for receiving when connected to its limiting
line, the limit being set by its sending performance.

Curves are plotted of the Transmission Performance
Ratings of any given telephone for sending and receiving
relative to the Standard Local Telephone Circuit (with
the 6-dB correction for receiving) against line length,
for different gauges of conductor. The line lengths at which
these curves cross the zero performance line are therefore
the maximum permissible. As different maximum lengths
are normally obtained for sending and receiving, the lesser
one becomes the transmission-planning limit. This is usually
quoted in Transmission Equivalent Resistance (T.E.R.),®
the resistance of the limiting 63-1b conductor line. Where,
in practice, other or mixed gauges of conductor are used,















the terminal strip from the new telephone when it is used
with a dial is therefore the more important factor.

The Bell.

The new telephone uses the same No. 59A bell movement
as the Telephone No. 332. The impedance of the ringing
circuit, particularly in the most onerous conditions when a
number of bells are connected in series to one line, is so high
that the extension of line limits allowed by the improved
transmission performance does not affect ringing efficiency.

THE TrANsMISSION CIRCUIT
Winding Ratios.
The new instrument is designed for an existing, well-
established network and it has therefore to work in con-

junction with a variety of older instruments. Consider a’

hypothetical telephone network containing one type of

telephone instrument only and assume local-line planning

by the present method. If a new instrument has been

designed and has a transmission performance better than

that of the existing instrument by s dB for sending and

rdB for receiving, then the transmission performances

obtained over the existing limiting connexion for combina-

tions of new and existing sets are:—

(i) Existing set sending to existing set—transmission
performance = 0 dB relative to lower limit.

(ii) New set sending to existing set-—transmission per-
formance = s dB relative to lower limit.

(ili) Existing set sending to new set—transmission per-
formance = -7 dB relative to lower limit.

(iv) New set sending to new set—transmission per-

formance = (s + 7) dB relative to lower limit.

Conditions (ii) and (iii) are the most important, for the
network will contain the older sets for a very long period,
and show that new sets can only be fitted on lines of
increased transmission loss to the value of s or », whichever
is the smaller. This restriction is necessary since, by intro-
ducing a new set with increased receiving efficiency (7)
greater than the increased sending efficiency (s) and by
connecting this set to a line with an extra transmission loss
equivalent to the improvement in its receiving performance
(r) the sending performance of the set on that line becomes
(r — s) below the lower limit.

The economic advantage is clearly a maximum when
s =7, and there is no economic advantage when either s or
71is zero. Although the assumptions made are not completely
valid under all circumstances, the example does indicate
the ideal practical condition, that the new set should be
better in transmission performance by equal amounts for
both sending and receiving compared with the planning
standard.

An article in a previous issue of the Journal’® showed
that within the anti-side-tone circuit sending efficiency can
be increased if the receiving efficiency is reduced and vice
versa. This feature is of great advantage in the design of a
subscriber’s set, for in the 700-type telephone the added
transducer efficiency is almost wholly in the receiver and
with no change in the induction-coil circuit (e.g. by con-
tinuing to use the Coil, Induction, No. 27) no economic
advantage would be realized. In fact, a deterioration would
be more likely because the increased side-tone would reduce
sending efficiency by causing a lowering of the talker’s
voice, and the greater receiving loudness might easily
become an embarrassment on short lines. Such considera-
tions, followed by experimental design and trial, enabled
the Y-ratio, 19 11 of the new induction coil to be determined;
the final value adopted (3) being a compromise between the
degree of transfer of efficiency required and the loss of
overall efficiency incurred in the process.

It has been shown that there are 136 possible 3-winding
ASTIC circuits that have the same fundamental properties

so far as subscriber’s set design is concerned!t. Of these,
many may be rejected as uneconomical because they need
additional isolating capacitors; e.g. when a winding forms a
d.c. shunt across the line or transmitter. The circuit
chosen from the group remaining was determined mainly
from the balance-network considerations discussed later,
and, for the chosen circuit, knowledge of the Y-ratio, the
line impedance and the transducer impedances enabled
the winding ratios to be determined; these are, winding 1/
winding 2 == 1-83 and winding 1 /winding 3 = 2-9.

The difference between characteristics of the sending and
receiving transmission paths of the Coil, Induction, No. 27
and the Coil, Induction, No. 30 are shown in Fig. 10; the
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Fic. 10.—SENDING AND RECEIVING CHARACTERIsTICS OF CoILs,
InDUcTION, No. 27 AND No. 30.

new coil has a sending-path efficiency about 3-5 dB greater
than that of the Coil, Induction, No. 27, but the efficiency
of the receiving path is lower by about the same amount for
the particular line condition and range of frequencies
shown. The change of Y-ratio from approximately 1, for
the 332 circuit, to 3 for the new circuit would theoretically
have resulted in the 700-type electrical circuit having a
sending efficiency only about 2 dB greater, while the
receiving efficiency would have been some 3 to 4 dB less.
That the new telephone has efficiencies materially better
than this is due partly to the increased efficiency of the
circuit and partly to the greater efficiency of the induction
coil with its low winding resistances and low core losses.

Chotce of Circuit.

So far, the performance of the new instrument has been
compared with that of the existing telephone without
reference to the effect of side-tone. By changing to a
transmitter or receiver (or both) of greater sensitivity, the
overall level of side-tone is increased and by its effect on a
talker and on the signal/noise ratio when receiving in the
presence of room noise it may partially offset the expected
transmission-performance gains. It is thus desirable that the
equivalent electrical attenuation of the side-tone path of
the new induction-coil circuit should be greater than
that of the Coil, Induction, No. 27 by an amount at least
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equal to the total sensitivity added.

The degree of side-tone balance obtainable under the
practical range of line conditions, and the complexity of
the balance network, are important factors affecting the
final choice of the induction-coil circuit. The design of the
balance network for the group of usable circuits is affected
by the magnitude of the self-inductance and mutual induc-
tances of the windings of the induction coil (assuming a
type of construction in which leakage inductance and
winding resistance are both small), low values resulting in a
more costly network. The choice of the circuit within the
group is thus dictated by consideration of the balance
network and a knowledge of the anticipated physical
construction of the induction coil. The complete trans-
mission circuit found to be the best compromise is shown in
Fig. 11; it is very similar in configuration to the basic
circuit analysed in an article in a previous issue of the
Journal.?0

COIL INDUCTION,NO3O __
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WINDING 3 WINDING 2 WINDING
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F1c. 11.—TransmissioN CiRcUiT oF 700-TYPE TELEPHONE.

The Balance Network.

The line impedances to which a telephone set may be
connected vary over a wide range, both from installation to
installation, due to variation in line gauge and length; and
from call to call, due to variation in transmission bridges
and junctions. By examining all the impedances that may
confront the line terminals of a telephone in the Post Office
network (and to a close approximation, many other net-
works), it was possible to estimate the impedance/frequency
characteristic for the termination on which a telephone
should have minimum side-tone in order to obtain the best
mean side-tone performance. The balance circuit was then
designed so that at each frequency the
line impedance producing the greatest side-
tone path attenuation was as near as was
economically possible to that of the design
characteristic. The ideal and achieved
characteristics (expressed for convenience
in terms of the resistive and reactive
components) are shown in Fig. 12. The
characteristics indicate that the new circuit
has a greatly improved side-tone suppress-
ion, and this fact is substantiated by a
series of actual measurements made on the
Telephone No. 332 and 700-type telephone
circuits over a typical range of line condi-
tions, as shown in Fig. 13, in which mean
side-tone levels over the telephone fre-
quency band are plotted for various sub-
scriber’s line lengths and gauges.

The balance network is not a simple two-
terminal network; it is complicated by the
addition of the d.c.-blocking capacitor,
making a three-terminal asymmetrical
7 network.

The 332-type circuit is especially eco-
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Fic. 12.—LINE IMPEDANCE FOR MINIMUM SIDE-TONE.

its value are, therefore, determined by considerations
additional to those of transmission. For example, it was
desirable that both the d.c.-blocking and balance capacitors
should be contained within the same can, the size of which
was limited. From all considerations (transmission, dialling
and ringing) it was not possible to reduce the value very
much, especially when manufacturing tolerances of some
=415 per cent are necessary, but a slight reduction from the
existing value of 2 uF to 1-8 uF enabled a balance circuit to
be designed to give satisfactory side-tone suppression, while
easing the capacitor manufacturing problem.

TRANSMISSION PERFORMANCE OF THE 700-TYPE TELEPHONE

Methods of assessing transmission performance that
produce the most realistic answers usually entail the
greatest amount of work and require considerable time for
precision, and as production models of the 700-type tele-
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phone have not been available until recently, only
provisional information can be given here. This has been
obtained from tests on prototypes only, but while it may
be subject to small corrections when comprehensive tests
have been completed, it does allow a fairly reliable estimate
of the transmission improvement of the new telephone to be
made.

For pure-tone sensitivity tests and for subjective tests in
which a fixed handset position is used, the angle of the
handset and the speaking distance used were determined
from a recent series of measurements made on telephone
users when holding a handset naturally.

Loudness Efficacy.

The loudness efficacies of the 700-type telephone are
greater than those of the Telephone No. 332 by about 5 dB
for sending and 3 dB for receiving when working directly
into a 50V Stone transmission bridge, 600-ohm junction and
the appropriate end of the Articulation Reference Tele-
phone Circuit.®? The same order of improvement is
maintained for most practical line conditions.

Pure-tone Characteristics.

Pure-tone sending and receiving sensitivity/frequency
characteristics are given in Fig. 14. They are shown for one-
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line condition only but are typical of the difference between
Telephones No. 332 and No. 700 on all practical lines.

Transmission Performance Ratings.

Transmission performance ratings are probably the best
method of showing the usefulness of a telephone in a net-
work. A typical series for the 50V ballast Stone trans-
mission bridge comparing the Telephones No. 332 and
No. 700 is given in Fig. 15.

It can be seen that the controlling limits are those for
sending in all cases {ignoring signalling considerations) and
that the original expectation of a telephone suitable for use
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on lines having a T.E.R. of 1,000 ohms has been realized,
thus allowing greater usable line lengths for the new set to
the extent of'some 40 per cent. Space does not permit details
to be given of the transmission improvement on other types
of transmission bridge, but theincreases in usableline lengths
are of the same order for all.

Alternatively, the new telephone will have transmission
performance equal to or better than that of theTelephone
No. 332 when used on lines of the next smaller Post Office
standard conductor weight; e.g. where Telephone No. 332
requires a 10-lb/mile or 6i-Ib/mile conductor, the new
instrument can use 64 1b/mile or 4 1b/mile respectively.

Tre Pracrican CIRCUIT

So far, only the transmission properties of the new tele-
phone circuit have been considered. The practical telephone
must perform a number of signalling functions and these
require the addition to the transmission circuit of gravity
switch contacts, a dial and a bell. In the 700-type
telephone these have been added without any sacrifice
of transmission efficiency. The rearranged circuit is
shown in Fig. 16 and it will be seen that, as in the
Telephone No. 332, the d.c.-blocking capacitor of the
transmission circuit is also the bell capacitor and the
capacitor in the dial spark-quench. With the bell con-
nected as in this circuit a small direct current passes
through the receiver when the telephone is in use; although
undesirable in principle, this is so small (a fraction of
1 per cent of the line current) that it has no effect on the
receiver sensitivity, while it has the advantage of “wetting”
contact GS2 which would otherwise carry only small
alternating currents. The circuit requires the same com-
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bination of dial off-normal contacts asthe Telephone No.332,
so that the same dial can be used for both old and new
telephones.

Gravity Switch Contacts.

The positioning of the gravity switch contacts exactly
follows the practice of the earlier telephone. Two contacts
are used to break the telephone loop; contact GS1 breaks
the transmitter circuit while GS2 breaks an indirect circuit
through the bell. To prevent an objectionable click being
heard when the handset is lifted, GS1 is adjusted to make
before GS2. Completion of the receiver circuit is thus
delayed until the d.c.-blocking capacitor (1-8 uF, charged to
the full exchange battery potential while the telephone is
idle) has discharged via the transmitter circuit. A click is
still heard in the receiver due to the coupling between the
windings of the induction coil, but its level is reduced so
that it is no louder than the clicks caused by the exchange
apparatus when the line is switched to a selector.

Dial Contacts.

While the method of including the dial in the 700-type
telephone circuit follows generally the lines of the 332
circuit it differs considerably in detail. Contact ON1 both
completes the low-resistance pulsing loop and prepares the
spark-quench for the pulsing contact, leaving ON2 to
short-circuit the receiver to prevent dial pulses being heard.
The spark-quench formed when the dial is off-normal
consists of the 1-8-uF capacitor with a series component
made up of a network of induction-coil windings, the
balance resistors and capacitor, and the transmitter. This
network has a d.c. resistance of about 30 ohms, varying
slightly with the transmitter;
the circuit of the complete
spark-quench is shown simpli-
fied in Fig. 17.

The presence of capacity
in parallel with the pulsing
contacts of a dial has the effect
40 &x* une of increasing the make/break
ratio of the pulses and the
exchange apparatus in the
British Post Office system is
designed to accept pulses from
telephone dials with a spark-

-!'s quench as fitted to the 332

RCU °  telephone, i.e. 2 uF in series

g;Gl«‘.-géRnf;.LSI(IZ\I(;;N(;ACTsIT(()BIIE:I: with 30 ohms. Use of a spark-

ATED). quench of a different value

would be equivalent to using a

dial with a non-standard ratio and would reduce the margin
of pulsing performance of the exchange apparatus.

In the present British Post Office non-director automatic
system the pulses from subscribers’ dials are used, without
regeneration, to control calls over several junctions, to the
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limit set by the cumulative pulse distortion and the margin
of the exchange apparatus. Reduction of this margin would
inevitably result in a reduction of the limiting distance over
which the direct pulses could be used, requiring the provision
of more pulse regeneration equipment at exchanges, and
the cost of this equipment might easily offset the savings in
other directions obtained by the use of a more efficient
telephone. It is important therefore that the spark-quench
of the 700-type telephone should have a pulse-shaping effect
similar to that of Telephone No. 332.

For this reason the 0-9-uF capacitor is connected above
the pulsing contact, in Fig. 16, instead of below it; if it
were connected below, the capacitor would be in shunt with
the contact and would add to the capacity of the spark-
quench. Connecting the capacitor in this way does not
affect the transmission circuit at all, as when the pulsing
contact is closed both sides of it are electrically the same
point.

The effect of the spark-quench of the 700-type telephone
is difficult to calculate as it contains both inductance and
capacitance in the dissipative element, but laboratory tests
have shown that its pulse-shaping properties are similar to
those of the 332 spark-quench, while it performs the primary
object of a spark-quench satisfactorily.

It will be seen from Fig. 17 that, as in the 332 circuit, the
bell is shunted during dialling by the resistive component
of the spark-quench. This shunt prevents the bell tinkling
during dialling without recourse to devices such as bias
springs. By the use of a 4-wire connexion between tele-
phones connected in parallel to the same line this feature
can be extended so that when any telephone connected to
the line dials, tinkling of other bells is prevented.

The Need for a 4-way Handset Cord.

In the 332 telephone the basic transmission circuit was
rearranged to make one terminal of the transmitter and
receiver a common point in the circuit, so that a 3-way
handset cord could be used. A similar rearrangement of the
700-type telephone circuit is possible, but has not been
made owing to consequent difficulty of providing a satis-
factory dial spark-quench without introducing extra
components, and because a 4-way cord is more convenient
for the type of handset used.

Design for Flexibility.

The introduction of a “‘new telephone” involves much
more than the design and production of one type of table
telephone. Lines with lengths between the maximum of the
older telephones and the new maximum allowed by the
superior transmission of the new telephone can only use
telephones having the improved transmission circuit and
components. Unless an administration is prepared to
limit the choice of telephone, and the type of service, for
subscribers having lines with lengths between the limits for
the old and the new telephones, it is necessary to provide a
complete range of new telephones.

The subscriber to-day has a wide choice of physical
designs of telephones; two different table telephones, a
wall telephone and a number of special-purpose telephones,
while the varieties of service and the facilities available can
be judged by the fact that a range of nine different versions
of the 300-type table telephone is necessary to cater for
them. The number of telephones actually stocked is further
multiplied by the range of colours offered, and by the
alternative dials used, so that the duplicating of the
complete range of older telephones by a similar range of new
telephones must be avoided if possible. -

The Case Against a “Umiversal” Telephone.

The multiplicity of telephones of the older type makes
attractive the idea of one “universal” version of each









The New Centralized Service-
Observation System
U.D.C. 621.395.364

A.J. BARNARD, AM.EE.
and E. H. A. BECK+

The existing design of centralized service-observation system has a number of disadvantages which are avoided by the new system described

in this article. The new system has been designed to connect into the circuit to be observed at the first selector and so will enable more

observations to be made in 2 given time than does the existing equipment, which is connected to individual subscriber’s lines, and also
the number of different subscribers’ lines on which observations can be made is very greatly increased.

INTRODUCTION

HE centralized service-observation system is a

I means of sampling telephone traffic passing through
an exchange, for the purpose of assessing the

quality of the service.

An outline of the present system, together with a descrip-
tion of difficulties experienced in its use, and proposals for
overcoming these difficulties, has already been published.!
These defects are briefly:—

(@) Additional pulse distortion is introduced into the
observed line and may cause failure of calls under
adverse conditions.

(b) Additional transmission loss is introduced.

(¢) The clip-and-cord connexions, by means of which
access to lines is obtained, are a source of faults, and
appreciable time is spent rearranging them to change
the lines connected for observation.

(@) The sample of calls obtained is restricted in range
and size.

A new observation system for automatic exchanges has
been developed to overcome these difficulties, and in
addition provides for observing incoming junction traffic.
The new equipment introduces negligible pulse distortion
and transmission loss into the observed line, access is by
jumpered connexions which require very infrequent
rearrangement, and the sample of calls obtained is wide-
spread. The rate of taking observations has also been
greatly increased so that the required number can be
obtained in far shorter time. For example, on trials on
subscribers’ traffic an average of 275 observations per day
was obtained from one exchange compared with 100 per
day with the existing type of equipment. The new system
is suitable for use in director, non-director main and
satellite exchanges, of both 2000-type and pre-2000-type,
excepting only certain early non-standard exchanges. An
equipment giving similar facilities at automatic trunk
exchanges has also been developed.

GENERAL DESCRIPTION OF THE SYSTEM AND FACILITIES
PROVIDED

Fig. 1 shows, in block schematic form, the arrangement
of the system. “Tapping” and “access” equipment is pro-
vided in each observed exchange and is connected to a
centralized observation position, via a junction where
necessary.

Access Equipment.

Access to traffic is made at the incoming negative,
positive, private and, where appropriate, meter and coin-
box-discriminating leads of the first switching stage, i.e.
1st selectors, 1st code selectors, D.S.R.s, etc.

Selectors on which observation is required are jumpered
to the banks of the observation access uniselectors. Four
50-point uniselectors are provided for access to selectors
carrying traffic originated by subscribers on the observed
exchange, and four for access to selectors carrying incoming

tExecutive Engineers, Telephone Development and Maintenance
Branch, E.-in-C.’s Office.

YPeRKINS, ]. J, Telephone Service Observations.
Printed Paper No. 186, 1945.
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Fic. 1.—BLOCK SCHEMATIC DIAGRAM OF THE SYSTEM.

junction traffic from manual exchanges and small U.A.X.s.
Each group of uniselectors has capacity for connexion to
a maximum of 192 selectors, and either group may be
associated with the tapping equipment by the operation of
a rotary switch on the observation equipment rack. This
switch will be positioned by engineering officers on request
from the Traffic Division.

To ensure an ample number of observations the selectors
connected are early choices in uniselector exchanges or
directly-connected selectors in linefinder exchanges. By
selecting them from all grading or linefinder groups in the
exchange a representative sample of calls is obtained.

Flexibility for changing the selectors connected for
observation is provided by using jumpers, but changes are
only necessary when regrading or extension of equipment
occurs.

Selector Tapping and Junction Signalling Equipment.

The “selector tapping and outgoing signalling” circuit is
switched on by a signal from the observation position,
under control of the observing operator. The access uni-
selectors, which are non-homing, are then caused to find
outlets to four free selectors, on which they “camp” and
wait for calls to occur. When a call is originated on one of
these four selectors, the tapping equipment switches to this
selector, at the same time preventing interference should
calls originate on any of the other selectors. A calling signal
is sent to the equipment at the observation position, and
a listening connexion is established from the selector
negative and positive wires to the observation operator via
a high-impedance tapping circuit and amplifier. The
amplifier makes good the tapping loss and permits the use
of a 2-wire junction to the observation centre with a loss
of up to 16 dB. To permit discrimination between traffic
of different types, e.g. ordinary or coin-box subscribers’
traffic, or manual or U.A.X. junction traffic, two distinctive
calling signals are used. The number dialled, and for local
subscribers’ traffic the metering pulses, are detected by the
tapping equipment and repeated to appear as lamp signals
on the observation position. On incoming junction traffic
the metering facility is ineffective since any metering
pulses occurring in the apparatus at the observed exchange
are not related to the actual call charge. In place of the
metering signal, the Called-Party Answer condition is
detected and repeated to the observation position.
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coil, and hence delays the rise of flux in the relay when AP1
operates. For distortionless repetition the release time
should also be 20 ms, but at high pulsing speeds the
succeeding make pulse may not be sufficiently long to permit
this. The release time of AR is therefore made variable
and dependent on the time for which it has been operated.

The variable release time is obtained by AR, when
operated, completing a circuit for discharging C4 via the
2,850-ohm coil of AR and resistor R3. When relay AP
releases, the 1,000-ohm coil of AR is connected in parallel
with R3 and part of the capacitor discharge current then
flows in that coil. The direction of current flow is such
that the two coils of AR are now aiding, and the relay
releases slowly, the release time depending upon the degree
to which Cl has been discharged. The time-constant is
such that the release time exceeds 20 ms and pulse correc-
tion results with break pulses of such length that the
succeeding make pulse, even at high pulsing speeds, will
be more than adequate for the release of AR. With long
break pulses, which imply a short following make pulse if
the pulsing speed is high, the release time reduces to a
minimum of 7ms. At some speeds this results in pulse
correction, whilst at others distortion is introduced. The
output from AR is, however, always adequate for operation
of the observation-position digit-display.

A further possible source of false pulses occurs when the
observation equipment is used in a non-director exchange.
The pulse tapping circuit, which is initially connected to
the 1st selector pulsing relay, is switched through as the
call progresses to the A relays of successive selectors. If
the group-selector switching-relay contacts change over
sequentially, a break pulse is given to V1, which may
exceed 20 ms on pre-2000-type equipment. Under this
condition, however, the grid circuits of V1 and V2 are
connected together round the pulsing loop and both valves
conduct. The resulting currents oppose in the windings
of relay AP, which remains held to the make side by the
bias current. The time-constant of the V2 grid circuit is
such that the current rise is quicker and decay slower in
V2 than in VI, so ensuring that the AP contact remains
on the make side.

0/G SIGNALLING CCT JCN. Llalg CCT .

1/C SIGNALLING CCT.

Called-Party Answer Signal.

Valve V2 also serves to detect the “Called-Party Answer”
condition. The reversal of polarity on the negative and
positive wires raises the grid potential of V2 to the range
—2V to —16V, causing V2 to conduct and operate relay
CA. Relay CA repeats the signal, via relays not shown,
to the observation position.

Junction Signalling System.

A 2-wire observation junction will normally be used and
the signalling system, the principles of which are shown in
Fig. 6, permits a maximum loop resistance of 3,500 ohms.
The idlejunction condition is battery on both lines at the
tapping equipment from resistors R3 and R4, and dis-
connexion of both lines at the observation centre equip-
ment. When the observation position is staffed, earth ic
connected to both coils of all LS relays from the incoming
signalling circuit. The JUNCTION CONNECT keys (KJ) are
operated on the circuits on which it is intended to make
observations, and earth via the LS relays operates the LA
relays at the distant exchanges. Relay LS is differentially
connected and does not operate under these conditions.
Relay LA, operating, switches on the power supply circuif
of the tapping equipment, and after an initial delay tc
allow the valves to warm up, calls are accepted foi
observation.

On seizure of a selector by an originating call, relay HA
{(or HB, HC or HD), in the P-wire tapping circuit, operates
relay PT, which connects earth to either the A or the B line
of the observation junction, depending on whether relay D
has operated or not. Relay D is operated by either a con-
dition on the coin-box-discrimination lead of the selecto:
under observation or from the access uniselector, and gives
discrimination between different types of traffic. Con-
nexion of earth to one line at the outgoing end of the
observation junction unbalances LS, which operates
Relays K and KK operate and light the junction calling
lamp, gudrd the incoming junction signalling circuit against
intrusion by calls on other junctions, and switch the
junction to the observation position. Current now flows
from the battery and earth at the outgoing end rounc
the loop provided by relays AL and MA
the direction of flow depending upor
whether relay D has operated or not

Relay MA operates and relay AL, whicl
is polarized, takes up a position on ont
contact or the other. Relay MA cause:
the calling supervisory lamp to glow anc
MA and AL together operate the appro
priate discriminating relay to light the
“type of call” lamp. At the outgoing
end, relay RV is operated and, bj
reversing one coil of LA, permits thi
relay to hold to the changed line con

ditions. Dialled pulses are transmitted by
the Single Commutation Direct Curren
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system, operation and release of relay AR/
(Fig. 4) reversing the direction of curren
in the line and causing AL to move fron
one contact to the other. A relief relay o1
AL pulses the digit-display uniselectors

Metering pulses are transmitted "as dis
connexions of earth at the MT contact o
the outgoing signalling circuit, which caus
MA to release to each pulse, but leave Al
unaffected. MA pulsing steps a uniselector
via relief relays, which lights the appro
priate meter-fee lamp. With multi-meterin;
the pulses may occur some seconds afte
the called party answers, depending o:
the phase of the S and Z pulses, am



in order that the metering signals shall not interfere with
the observation operator hearing the opening phrases of
the conversation, relay ML at the outgoing end, and relay
ME at the incoming end, are operated with the first
metering pulse and change the line signalling conditions, so
that subsequent metering pulses are repeated over both
lines in parallel to battery at the incoming end via relay
CS, and hence cancel out in the incoming transformer.
At the incoming end relay ME reverses one coil of relay
MA so that it can hold to the new line conditions, whilst
at the outgoing end relay ML releases relay RV to permit
LA to hold to the new line condition. Relay CS is used
to receive the “Called-Party Answer” signal, and is
inoperative to the above condition. When the tapping
equipment is in use for incoming-junction-selector observa-
tions, relay JO at the outgoing end is operated, switching
the signalling circuit from the MT contact to the “Called-
Party Answer” signalling circuit. Until supervisory con-
ditions are received, contacts NA and NB are operated and
the circuit functions as previously described. Receipt of

the “Called-Party Answer” signal causes NA and NB to
release in sequence, first disconnecting earth and then
connecting +80V to line. Relays ML and ME are operated
as before and, in addition, relay CS at the incoming end
operates to the increased line current.

Clearing of the call is indicated by the disconnexion of
earth from the selector P wire and results in contact PT
in the signalling circuit releasing and disconnecting earth
from the line. Relay MA releases, extinguishing the calling
supervisory lamp at the observation position.

CoNCLUSION

In addition to the equipment described, of which the
first installation will shortly be completed at Carlisle,
development is in progress on another tapping equipment,
suitable for use in U.A.X.s No. 7 and No. 14. This new
equipment will provide the same junction signalling con-
ditions and work into the same observation position as the
equipment that has been described.

Book Reviews

“Fixed Resistors.” G. W. A. Dummer, M.B.E., M.LLE.E.
Pitman. 183 pp. Illustrated. 28s.

This book is Volume 1 of a series on ‘“Radio and Electronic
Components,” and in it Mr. Dummer covers the subject of
fixed resistors in a most comprehensive fashion. This is not
surprising when one realizes that the author is well qualified
to write such a book, having been engaged for many years on
research and development work on radio and electronic
components at the Radar Research and Development Estab-
lishment; he is also actively concerned with several committees
dealing with the development and standardization of such
components.

The book has been written chiefly for the benefit of the user
and, to enable him to choose the best type of resistor for his
particular requirement, the methods of manufacture and
fundamental characteristics of the various types are presented.
However, to restrict the book to a reasonable size, no attempt
has been made to cover every type of fixed resistor in current
use and in those parts of the text that deal specifically with
different types of resistor only those standardized for use in the
armed services have been treated. This limitation has not
appreciably reduced the worth of the book because, although
the number of types of commercial fixed resistor is large, they
can in general be considered as being variations of the service
types.

The first four chapters deal with general matters relating to
fixed resistors, such as those covered by the various specifications
issued by the British Standards Institution, Radio Industry
Counciland Service Departments; physical properties of resistive
materials; symbols, codes and preferred values; various charac-
teristics of resistors that need to be considered and methods of
measurement of these characteristics; wattage, voltage and pulse
ratings. The remaining five chapters deal with general-purpose,
high-stability and special types of fixed resistor, giving methods
of construction, performance characteristics and particular
advantages or disadvantages. Various experimental types of
fixed resistor are also considered as well as future develop-
ments in resistor design. The book finishes with a 17-page
bibliography and a very useful chart giving comparative data
on the main characteristics of the various types grouped into
three categories—mechanical, electrical and climatic.

This book is a mine of information on fixed resistors and one
can look forward with enthusiasm to the promised future pub-
lication of further books in this series on variable resistors,
fixed capacitors, variable capacitors, etc.

D.G. J.
I.P.O.E.E. Libvary No. 2370.

“Television Receiver Servicing, Volume 2: Receiver and
Power Supply Circuits.” E. A. W. Spreadbury. Iliffe &
Sons, Ltd. 308 pp. 172ill. 21s.

The first volume of Mr. Spreadbury’s book was reviewed in
the July, 1954 issue of this Journal and it was forecast at the
time that the two volumes together would form an invaluable
guide for both professional and amateur television servicemen.
The view is fully confirmed now that the second volume is
available. It will be remembered that the earlier volume dealt
with the time-bases and cathode-ray tube—circuitry peculiar
to television itself. The present volume covers the radio
receiver proper—‘front end,” intermediate frequency, detector
and output stages—component parts of almost any type of
radio receiver, although in the case of television they have to
have some special properties, notably a very wide bandwidth
and the ability to receive and separate the vision signal and
the accompanying sound signal.

The detailed circuits encountered in television receivers are
dealt with in turn, beginning with the “‘back end” or video
output stage and working through to the front end and aerial,
At first sight this order seems a little illogical but in fact it is
not, for in the case of an obscure fault it is necessary to begin
at the output end of the receiver and gradually work back
towards the aerial end, proving the various circuits in turn.
Many illustrations of possible circuit variations are given,
nearly all taken from the circuit diagrams of well-known
domestic receivers, the makes and type numbers being given.

One chapter which is likely to attract a good deal of atten-
tion at the present time is that dealing with multi-channel
tuners and the conversion of Band I receivers for the reception
of Band III signals. Now that Band III programme trans-
missions are upon us, many viewers will be fitting adaptors to
their sets. Much useful information on this subject is given and
some of the pitfalls are described.

The purist will find a few terminological inexactitudes (in
the literal sense and not that intended by a former Prime
Minister!) in this book. For example, on page 11 it is suggested
that a video output stage is a true amplifier whereas an audio
output stage is not necessarily an amplifier. In fact both are
amplifiers, the former a voltage amplifier and the latter a
power amplifier, and there would be little point in having them
at all if they were not. Then again on page 14, after saying
that some of the faults found in television receivers defy
obvious kinds of explanation, Mr. Spreadbury goeson: *“ .. . but
they are awkward cases. We find them sometimes even in
radio receivers.” Yet surely television receivers are radio
receivers! However, these are criticisms of detail and not of
substance, and the new volume will prove a very useful
addition to the television bookshelf.

I.P.O.E.E. Library No. 2321. T. K.
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Electrical Accidents Involving Post

Office Plant and Staff

U.D.C. 614.825

S. J. LITTLE, AM.1EEF

An analysis of electrical accidents reportable under the Factories Acts is published by H.M. Stationery Office for the Ministry of Labour

and National Service.* Most of the electrical accidents involving Post Office plant and staff occur on external plant or on premises to

which the Factories Acts do not apply, and this article, after referring briefly to electrical accidents in general, analyses the electrical
accidents recorded by the Post Office since 1924 and describes how they were caused.

INTRODUCTION

r I HE introduction of electricity into the industrial and
domestic life of a nation is, unfortunately, not free
from certain risks to the lives and well-being of the

consumers and those responsible for generation and distri-

bution, but careful attention to design of equipment and
similar measures reduces these risks to a minimum. Never-
theless, so far as the United Kingdom is concerned, records
kept over a number of years by Her Majesty’s Chief

Inspector of Factories appear to indicate that there is a

certain minimum number of accidents each year which it is

extremely difficult to reduce. If, for instance, British
records of “‘reportable” electrical accidents are tabulated
for the 20-year period ending 1953, the latest year for which

TABLE 1
Twenty-Year Recovd of Reportable Electrical Accidents
. s Total - .- Total
Year Fatalities Accidents Year Fatalities Accidents
1934 31 380 1944 31 1,072
1935 23 447 1945 31 891
1936 31 520 1946 33 769
1937 36 383 1947 30 734
1938 30 560 1948 43 780
1939 No records due to com- 1949 24 771
mencement of hostilities 1950 38 778
1940 32 729 1951 34 715
1941 51 921 1952 38 721
1942 51 1,042 1953 40 744
1943 58 1,255
TABLE 2

Reportable Electrical Accidents wn velation to Apparatus, 1953

Fatal Non-fatal
Apparatus Total
Men | Women | Men | Women

Poriable apparatus:
Portable electric machines. . 6 — 43 3 52
Portable heaters and irons. — — 4 5 9
Portable lamps 2 — 14 — 16
Portable test sets, inc. lamps 2 — 35 — 37
Plugs and adaptors . 2 — 23 4 29
Cables and flex for portable

apparatus. . . 3 — 25 4 32
Electric hand weldlncr

(@) Shock and/or burns .. 1 — 27 1 29

() Eye injuries .. .. 162 162
Fixed apparatus:

Electrical machinery — — 11 —- 11
Transformers 3 — 3 1 7
Switchgear above 850V 4 — 34 — 38
Switchgear below 850V .. 4 — 107 4 115
Fusegear . cees | — —_ 32 — 32
Crane trolleys 2 — 34 — 36
Fixed lamps 1 — 14 3 18
Cables for fixed apparatus 2 — 45 1 48
Test leads .. .. 1 1 12 4 18
Apparatus not clasnﬁed 6 — 47 2 35

!
¢

510 32 744

Plus[ 162 eye
flash accidents
(welding)

Total

w
=}
b
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statistics are available, the variation will be as set out in
Table 1. For the purpose of this table reportable accidents
are defined as those in which the victim is disabled for more
than three days from earning full wages at the work at
which he is employed.

Detailed analysis of these reportable accidents shows that
there are certain common causes, as indicated by Table 2,
in which the reportable accidents for the year 1953 are
analysed in relation to the apparatus involved.

In this analysis, 40 per cent of the fatal accidents and
35 per cent of the total accidents occurred on portable
apparatus. Before proceeding further it is advisable to
compare the risk of electric shock with that of other day-
to-day hazards. It is known for instance that whilst some
800 people lose their lives in the factories of the United
Kingdom in each year, nearly 5,000 members of the general
public are killed on the roads and 5,500 meet with fatal
accidents in their own homes. Of the last, by far the
greatest number are due to falls. By comparison, the
number of fatal electrical accidents is relatively small, but
lives are lost and there is continuous effort to reduce this
loss.

The Phenomenon of Electric Shock.

It is well known that a conductor carrying a potential of,
say, 50V d.c. can usually be touched without suffering any
unpleasant effects. On the other hand, touching a phase
wire of a domestic supply and a good earth connexion
simultaneously can be extremely unpleasant and even fatal.
It is, however, not the voltage applied, but the current
which flows as a result of the application of the voltage
which can be dangerous. The time of flow, frequency of
supply and the path of the current through the body also
have a bearing on the ultimate effects. A current of 30 mA
at 50 c/s between the hands for 10 sec may well be fatal,
whereas 1A at 100 kc/s for the same time will pass through
the body giving only a sensation of heat; 0-5A to 1A at
50 c/s applied across the temples will cause unconsciousness
but not death. Generally, it can be said that for immediate
fatal effects the current must pass through the respiratory
tract or upset the rhythm of the heart. It is, however,
paradoxical that with very high voltage shocks the victim
dies, not as a result of the shock itself, but from the effects
of the burns which he almost invariably sustains. A similar
situation occurs when a person comes into contact with
conductors carrying high radio-frequency voltages: although
the electric shock is not likely to be fatal the victim may
suffer severe burns which may well cause death, or only heal
with difficulty.

THE CAUSES AND PREVENTION OF ELECTRICAL ACCIDENTS

Turning now to the causes of accidents, it is not possible
inone article to analyse Table 2 in detail, but it is instructive
to consider the causes of accidents with portable apparatus
recorded in that table.

tSenior Executive Engineer,
Branch, E.-in-C.’s Office.

*Electrical Accrdents and Their Causes, 1953, obtainable from
H.M. Stationery Office, price 3s.
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earthing conductor under continuous supervision and, should
it fail, cut off the supply to the appliance (Fig. 2 shows the
basic arrangement of this system), but such protective
devices tend to be costly and somewhat elaborate.

Good and reliable earthing of the appliance is not the
only requirement, because in some situations associated with
faults on the supply system the earthing arrangements can
acquire a potential that will render a nominally safe
installation dangerous.

Low-voltage Apparatus.

Basically, the whole problem can be reduced to a single
question—how to restrict the current which will flow
through the body of a human being touching a faulty
appliance to such a value that it will be harmless.

For portable appliances, the basic object of protection
must be that of ensuring that a current very much less than
a fatal current passes through the body of a person who
handles faulty equipment. Probably the most reliable
method of achieving this is to use a reduced voltage and
there is now a general tendency towards the use of low
voltages for portable industrial appliances. One method of
achieving protection in this form is to design the appliance
for 50V working and feed it and its flexible lead through
a robust step-down transformer. This transformer may
have the central point of its secondary winding earthed
(Fig. 3), in which case no part of the appliance can, under

METAL-CASED TOOL

240/50V
STEP-DOWN
TRANSFORMER

FiGg. 8.—Low-VoLTAGE Toor wiTH CENTRE-TAPPED TRANSFORMER.

fault conditions, acquire a potential exceeding 25V to
earth. Alternatively, the appliance may be fed through a
240/50V step-down transformer, the secondary circuit of
which is completely isolated from earth.

Methods involving the use of low voltages are probably
the most satisfactory safeguards since they eliminate all
risks and complications attendant on the use of earthing
conductors.

ELECTRICAL ACCIDENTS IN THE PosT OFFICE

Accidents involving Post Office plant would only rarely
come to the notice of H.M. Chief Inspector of Factories
since most of them occur on external plant or in premises
to which the Factories Acts do not apply. Furthermore,
because of the large amount of external plant which the
Post Office owns, the public are to a certain extent also
subject to some risk of accident.

Records of electrical accidents involving Post Office
plant that have resulted in death or injury have been kept
since the early part of the present century. Unfortunately,
the record is incomplete for the years before 1924, but from
that date onwards it has been continuous and Table 3 sets
out the electrical accidents that have been reported
during the 80-year period for which continuous records
are available.

Accidents Involving Internal Plant.

For the purpose of this article internal plant is defined
as all plant within a building, Post Office or otherwise.
Since 1936, 18 accidents involving internal plant have been
recorded, including three fatal accidents, all of which took
place on subscribers’ premises.
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TABLE 3

Fatal 1 Non-fatal

Post Office |

Situation or

Contractors’
Staff

Post Office

Public Public

or
Contractors’
Staff

Internal Plant:

(a) Portable equipment
(electric drills)

() Improvised  hand-
lamps .. .. 1

(¢) Defective subscribers’
wiring or apparatus 2

(d) Defective Post Office
wiring or apparatus

(¢) Fault on  power
supply .. ..

(f) Cleaning switchgear 1

External plant:

{a) Contact between
covered power con-
ductors and bare
Post Office wires . . 3 6 5 3

(b) Contact between !
bare power or tram-
way wires and bare
Post Office wires .. 1

{c¢) Failure of guard
wires .. .. 2

{d) Contact between
overhead power
and Post Office
wires where guard-
ing is not specified
in the records .. 1 3

{¢) Contacts with high-
voltage wires .. 2 4

(f) Joint use of a route
by Post Office and
power supply auth-
orities .. .. 1

(g) Underground plant 2

It is not possible to say for certain if there were any
accidents on internal plant before 1936. The existing
statistics include records of electrical accidents from 1924
onwards, but between that year and 1936 the accidents
recorded involved external plant only. It can therefore
only be assumed that there were no accidents on internal
plant between 1924 and 1936. The accidents that have
been recorded can be sub-divided under the six headings of
Table 3, and some details of accidents that have occurred
under each heading are:—

Portable equipment (electric drills).—There have been four
accidents due to electric drills and similar plant, it being
significant that three have taken place since 1950. The first
occurred in September 1941, when a workman received a
shock from an electric drill in a garage. Although the drill
appeared to be properly earthed, it seems that the earth
circuit, comprising the earth continuity conductor in the
flexible lead to the plug, the earthing arrangements of the
fixed wiring to the socket and the earth connexions to the
main earth electrode had excessive impedance. As a result,
when a fault appeared on the tool, its outer metallic case
acquired an excessive potential which caused a shock to
the user. .

The next accident involving a portable tool occurred
in October 1950, when a contractor’s employee working
on an apparatus rack suffered a shock. In this instance, a
faulty electric drill was being operated from an ordinary
lampholder and there were no earthing arrangements;
the victim was fortunate that the results were not more
serious. The third accident was due to a faulty trigger
switch, and the fourth to the use of the tool in a wet cable
trench, when, although a shock was received by the



user, tests on the drill did not reveal any faults, and it
was concluded that the accident was probably due to
water being splashed into the case.

Improvised handlamps.—Two accidents have occurred
with improvised handlamps. The first took place in April
1943, when two Post Office employees were running lead-
covered cables for a switchboard. It was necessary to run
the cables below a platform and to feed them through a
hole in this platform to a position above. It was dark
below the platform and the man working in this position
improvised a handlamp consisting of a 5A plug, a length
of jumper wire and an old brass combined lampholder and
switch, The lampholder and switch should have had a
wooden handle and guard, but both had been removed.
Unfortunately, the lampholder switch was defective, and
one of its terminals was in contact with the metal frame of
the holder which, in consequence, became alive. Whilst
using the handlamp the victim came into contact with
the earthed sheaths of the cables with which he was dealing
and was electrocuted.

The second case occurred in November 1949, when a
contractor’s employee received a shock from a defective
improvised handlamp. There are, however, no details of
this accident.

Defective wiring or apparatus in subscribers’ premises.—
There have been eight accidents attributable to defective
wiring in subscribers’ premises; of these, three were fatal.
The first recorded fatality took place in 1936, when an
accident occurred at a defective socket-outlet in a sub-
scriber’s premises; the victim, a member of the public, was
electrocuted as a result of touching both the earthed
metallic sheath of a Post Office cable and the defective
socket itself. The Post Office wiring had been run very
close to the socket, in fact almost in contact with it. This
accident focused attention on the desirability of using
some form of subscriber’s wiring having an insulated sheath
and, with theintroduction of p.v.c. sheathed conductors,
this has largely come about.

The next accident involved a female engineering assistant,
employed as a subscriber’s apparatus fitter, who suffered
a fatal shock in May 1944 when running telephone wires
under the floor of a private house. In this case, a fault had
developed in the house wiring system, as a result of which
an unearthed length of metal electric light conduit had
become alive at a lethal voltage. It appears that the lead-
covered cable which the fitter was running came into
contact with this unearthed conduit and a$ a result the
fitter, who was probably in contact with damp ground,
received a fatal shock.

In November 1945, another female engineering assistant
received a shock and burns when laying out lead-covered
cable in a subscriber’s premises. On this occasion the lead
sheath of the cable came into contact with the live terminals
of a broken power point, and at the same time the fitter
unfortunately also came into contact with earthed metal-
work and received a shock. )

Contact between the earth wire of a telephone in a high-
voltage sub-station and metalwork alive at a power
voltage caused another accident.

An accident, although perhaps not strictly on internal
plant, occurred in February 1951, when a Post Office
employee fell from a pole after touching a telephone
wire alive at mains voltage. The circumstances of the case
were that a lineman was sent to investigate a complaint
of noise on a subscriber’s line, and from the evidence avail-
able it must be presumed that he was about to determine
whether the source of noise was between the pole outside
the subscriber’s premises and the exchange, or actually
within the subscriber’s premises. He climbed the pole
to investigate, and it seems that when at the top he received

an electric shock and fell to the ground, but it is not
recorded whether his death was a result of the electric
shock or the fall. After the accident, examination of the
subscriber’s premises revealed an earth fault on an electric
cooker. In addition, the Post Office earth wire was in
contact with the power earth wire, which had become
disconnected from its earth plate, and mains voltage was
therefore applied to the Post Office earth wire. This caused
the lightning arrestors, which are fitted between each wire
and earth and which appeared to be partially faulty, to
operate in a “‘backward’ direction and thus allowed a mains
voltage to appear on the overhead lines. This accident
illustrates clearly the necessity of preventing contact
between the power and telephone earth systems in a
subscriber’s premises.

Of the three remaining accidents in subscribers’ premises,
all of which were fortunately not fatal, one other is of
special interest. This occurred in June 1953, when a fitter
accidentally overturned an all-metal table-lamp in a private
house. On striking the floor the lampholder became
detached from the standard, and the fitter did not switch
off the supply to the lamp before attempting to pick up the
standard. Picking up thestandard in one hand and the holder
in the other, he received a severe shock, because, although
the standard was properly earthed, breakage of the lamp-
holder from the main body of the standard itself had brought
a live conductor into contact with the lampholder frame
and, on touching both the detached lampholder and the
standard, a shock was received. This incident illustrates
very well the danger of touching any damaged electrical
equipment until the power supply has been disconnected.

The remaining accidents in this category do not present
any special points of interest.

Defective Post Office wiving or apparatus.—Considering
now those accidents that have occurred on Post Office
premises and which can be attributed to defective wiring,
the first took place in a sorting office in June 1946. Here, a
Post Office employee was standing on a trestle and plugging
a ceiling prior to hanging a fluorescent lighting fitting. A
large metal semi-indirect lighting fitting, of a type used
extensively at that time for sorting offices, was causing an
obstruction to his work, and the wireman, when attempting
to push it clear, suffered a severe electric shock. Although
he received burns, was rendered unconscious and fell from
the trestle to the ground, he recovered. Subsequent
examination showed that, if the semi-indirect fitting was
tilted to a marked extent, the flexible cord leading to the
lamp could come into contact with a large metal reflector,
an insulating ring normally provided at the point where
the flexible cord passed through the reflector being missing.
Furthermore, the flexible cord was frayed at the point
where it passed through the reflector. At the time of the
accident the lamp in the lighting fitting was defective, and
its controlling switch was in the “on” position. When the
reflector was moved into contact with the frayed flexible
cord the reflector became aliveand the victim received ashock
through touching both the live fitting and metalwork at
earth potential, probably electric light conduit on the
ceiling.

The second case in this category occurred in June 1950,
when a Post Office employee received a shock and burns
while repairing an electric-lighting fitting. It appears that
he was working on the fitting in the belief that the fuses
controlling the circuit had been withdrawn when, in fact,
they had not and he was actually working on live wires.

Miscellaneous accidents—In the accident shown in
Table 3 as a fault on the power supply, a Post Office
employee had switched on an electric radiator in a U.A.X.
The radiator did not glow after a short interval, and he
bent down and put his hands near the element to check
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whether it was getting warm. In the confined space of
the U.A.X., he overbalanced and one hand came into
contact with the element. He was unable to release his
contact, but managed to operate the switch controlling the
radiator with his foot, but the radiator remained energized.
He finally managed to withdraw the plug from its socket
and cut off the supply. It was subsequently found that a
fault had developed inajoint box of the service cable supply-
ing the U.A.X. This fault resulted in the disconnexion of
the neutral wire of the supply and there was, therefore, no
complete circuit for the flow of current through the radiator
element, although its potential above earth was that of the
phase conductor of the mains. Furthermore, when the single
pole switch controlling the radiator was in the “off”
position the potential of the element was maintained
through the consumer’s meter shunt coil and, until the
plug serving the radiator was withdrawn, the element
remained alive. Fig. 4 illustrates the situation in dia-
grammatic form.
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F1G6. 4. —FauLt LEADING TO ACCIDENT IN U A X.

Finally, the accident due to cleaning switchgear occurred
during the war, when a woman cleaner was attempting to
dust a 400/230V three-phase main switch. The switch was of
an old type, and she came into contact with live metalwork
not protected in accordance with modern practice. Fortu-
nately, she received only a relatively slight shock.

Electrical Accidents on Overhead External Plant.

The record kept since 1924 shows that over the 31 years
covered, 11 members of the public, including six children,
have been killed and a further nine, including four children,
suffered some form of injury such as electric shock or burns
due to contact between overhead Post Office wires and
overhead power conductors. Six people were killed and
three injured when broken Post Office wires fell across or
came into contact with braided-and-compounded (P.B.J.)
insulated low-voltage power conductors. In a further two
cases, both of which took place before 1936, broken Post
Office wires fell across tramway or trolley-bus overhead
wires and each caused injury to a member of the public.
In almost all the incidents involving P.B.J. wire, the
general circumstances of the accident were similar.
Usually a bare Post Office wire passing over a low-voltage
overhead power conductor had broken and fallen across
the power wires. Following the then current practice for
guarding such crossings, either the power wire or the Post
Office wire had a P.B.]J. covering. If the power wire had
the P.B.]. covering and was below the Post Office wire,
there was a serious risk of accident because, when the small-
diameter Post Office wire fell on the P.B.]. covering, it
tended to cut through it, especially if the Post Office wire
was pulled vigorously to clear an obstruction.

Because of the number of accidents that had occurred
due to the failure of the P.B.J. covering on low-voltage
power conductors, it was decided in 1939 to prohibit the
erection of bare Post Office wires over such conductors,
and since the introduction of this prohibition there has
been an appreciable reduction in accidents from this cause.
Such an accident did occur in March 1956, when a
member of the public was killed, but prior to this the last
fatality occurred in August 1947, when a Post Office
lineman working at the top of a pole received a shock, fell

90

from the pole and was killed. Investigations showed that
this accident was due to spare Post Office wires, which were
resting on covered power conductors at a power crossing,
chafing through the P.B.]J. cover on the power conductors.
As a direct result of this accident, the Post Office began
to recover all spare wires at crossings.

It is interesting to note that, although six incidents have
been reported where, due to breakage or sagging of low-
voltage power conductors, a power potential appeared on
Post Office circuits, no deaths or injuries have been caused
either to Post Office staff or to members of the public.

Accidents to Post Office staff at low-voltage overhead power-
line crossings.—Considering now those cases where accidents
have befallen Post Office staff whilst actually working at
power crossings, 17 incidents have been recorded in such
situations during the last 31 years. These resulted in the
deaths of six Post Office employees and shock or burns to
14 others. Most of the earlier accidents occurred when bare
Post Office wires were being erected or recovered over low-
voltage P.B.J.-covered power conductors or bare tramway
wires. From now onwards there should, of course, be few
accidents attributable to this cause since this form of
construction should no longer be employed. There is,
however, still an accident risk when working on or recover-
ing Post Office wires from above existing P.B.J.-covered
power conductors. It is inevitable that this form of con-
struction will remain in service, although on a declining
scale, for some time, and great care must always be taken
on such work. The danger should, however, become
progressively less as time passes and old plant is recovered.
In fact, it seems that the risk is now very slight since,
although one such accident occurred in July 1955, its
immediate predecessor occurred 13 years earlier, when a
gang were cutting down bare Post Office wires which ran
above snow-laden P.B.]J.-covered low-voltage power wires.
One of the Post Office wires fell across the power line and
nearby iron railings, cutting through the P.B.J. covering
on the former, which was old and in poor condition, in the
process. As a result, the railings became alive and
electrocuted a member of the gang who happened to touch
them. In an earlier case, a bare Post Office wire came into
contact with a P.B. J.-covered low-voltage power conductor
whilst being recovered. A Post Office employee working on
the wires, feeling a shock, released the wire which he was
holding and it fell on a horse, which was electrocuted.
Another accident occurred when an aerial-cable suspension-
strand was being erected over P.B.J.-covered low-voltage
pewer wires. The suspension strand was being supported
by aladderto clear the power wires below the Post Office route,
but unfortunately the suspension strand slipped and touched
an exposed power jumper wire and a Post Office employee
received a shock from the suspension strand, which rendered
him unconscious. The guarding was at fault as the bare
power jumper wire should have had a'P.B.J. covering;
furthermore, the use of a ladder for ensuring separation at
the actual point of crossing was not good practice.

Accidents have also occurred at crossings where guarding
has taken the form of guard wires between the two sets of
plant. In one case, which occurred in July 1926, attempts
were being made to erect Post Office wires over tramway
wires which had not been provided with permanent guard
wires. The foreman in charge of the gang carrying out the
work decided to erect temporary guard wires and, although
the gang were using the accepted standard method of
erecting wires in such circumstances, contact occurred, and
a Post Office employee received electrical burns. In
December 1929, a similar incident took place; there, the
precautions normally adopted for running wires in such
circumstances were not being observed and a Post Office
employee received a shock.






pairs became available shortly afterwards in the under-
groundcable at the crossing and the circuit was diverted tothe
cable and the P.B.]J. wires recovered. Within a month,
however, two more circuits were required and the expedient
of providing these by overhead wires was again adopted.
This time a pair of P.B.J.-covered wires and one L.R.V.,
B. and C. wire were erected, but these were not recovered
when the circuits were diverted to the underground cable
at a later date. Just over a month after erection of these
wires a flashover occurred between one of the high-voltage
conductors and the overhead I.R.V., B. and C. wire. This
caused damage to exchange and subscribers’ equipment in
the vicinity and the following day a lineman investigating
the fault found that, although the I.R.V.,B. and C. wire
had been burnt out the P.B.J. wires were intact. He made
an attempt to use these to provide a circuit, but whilst
working on the wires there was a flash which scorched his
face and burnt his clothes and the P.B.J. wires were
scattered over the ground in small pieces. Again, faults
were caused to subscribers’ and exchange equipment in the
vicinity.

Unfortunately, the clearance allowed between the high-
voltage conductors and Post Office wires at the time of
erection is not known, but it is probable that the flash-over
occurred when the high-voltage conductors approached the
Post Office wires due to expansion during a period of warm
weather.

A further and very similar incident occurred in September
1954, when another attempt was made to run Post Office
wires below and crossing a 132-kV power line. Again,
efforts were being made to restore service to a subscriber
who normally used pairs in an underground crossing of the
132-kV line. In this instance, an I.R.V.,B. and C. wire was
run out along the ground below the high-voltage conductors
and between the two poles terminating the underground
power crossing. A man then climbed each pole, taking
with him an end of the wire. This became caught in an
obstruction between the terminal poles and the men pulled
strongly in an attempt to release it; eventually it became
free, but because of the tension to which it was subjected
it sprang upwards and touched a conductor of the 132-kV
line. Both men received shocks and one fell from a pole
and sustained severe injuries. The other was unable to
move from his position on the other pole until assisted by
a member of the public. In each case the men were not
wearing safety belts.

These two cases illustrate the danger of running overhead
wires, insulated or otherwise, below 132-kV power con-
ductors and it cannot be emphasized too strongly that to
do so is a most dangerous practice. There is only one
satisfactory safeguard for communication circuits when
crossing high-voltage power lines and that is to put them
underground.

Another and unusual type of accident, which can only be
attributed to carelessness and disregard of instructions,
occurred when bare overhead wires were being recovered
near an 11-kV power crossing. In this case, a man drawing
out old wire from an overhead route walked under the power
line and up an incline pulling the wire behind him. Ulti-
mately, this wire came into contact with a conductor of the
11-kV power line, and the man pulling the wire was electro-
cuted. A second man who was paying out seven spans
away was also killed and a third man on the terminal pole
adjacent to the crossing was rendered unconscious and
recovered consciousness hanging head downwards supported
by his safety belt. This accident occurred because the

foreman’s instructions that the recovered wire should be
coiled on a drum placed between the terminal pole and
the next pole away from the crossing had not been observed.
Although not strictly an accident at a high-voltage
crossing, an accident occurred in July 1939 which illus-
trates the dangers of working in the vicinity of high-voltage
installations. The work concerned was in connexion with
provision of service to a subscriber adjacent to a 66-kV
sub-station belonging to the Central Electricity Board.
As originally surveyed, the proposals were for the new
Post Office line to run right across the sub-station com-
pound, a most dangerous procedure, even though there
were no overhead power lines entering or leaving the station.
The installation gang attempted to carry out the work as
surveyed and entered the sub-station compound without,
however, first seeking the permission of the Central Elec-
tricity Board engineer. They were in the process of erecting
the wires across the compound when one was allowed to
sag to such an extent that it came into contact with a
high-voltage transformer terminal. There was a heavy
explosion, an arc was seen from 200 yards away, and there
was a prolonged interruption of supplies to the district.
Although members of the gang were actually handling
the wire at the time they were.fortunate that they received
no injuries, a truly remarkable escape as the results of an
incident of this kind could have been very serious indeed.

Electrical Accidents Involving Post Office Underground Plant.

So far as underground plant is concerned the records
indicate that the risk of electrical accidents on such plant
is very small. Two cases only are recorded as having
occurred since 1924. The first of these took place in
February 1944, and involved a cable contractor’s employee.
It is recorded that, at the time of the accident, the victim
was clearing a joint hole which had been excavated to reach
a split coupling in a Post Office cable. The man had finished
his work and prepared to leave the hole, placing his left
hand on the footway surface and vaulting up on to the
footway itself. Instead, however, of placing his spade in a
place of safety, he retained it in his right hand, apparently
grasping it by its metalwork. As he sprang upwards, a
corner of the spade caught and pierced the sheath of an
11-kV power cable. As a result, a power arc occurred and
the victim received shock and burns. The power cable
itself was fully exposed to view, having been moved to one
side of the excavation by the power supply authority, to
facilitate work on the Post Office cable. The power cable
was, moreover, unarmoured and had no protection against
mechanical damage whatsoever; this was probably due to
wartime conditions as it had been laid to give service to a
defence site during the early days of the war.

The next case occurred in February 1953, when a Post
Office employee received a shock whilst excavating near a
street-lighting standard fed by a small armoured low-
voltage cable. A spade being used for excavation partly
pierced the armoured cable and the man using it received
a shock.
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A New Standard Power Plant for Medium-

sized 50-Volt Telephone Exchanges

U.D.C. 621.311.6:621.395.722

L. H. CATT, AMiEET

A new power plant, designated Power Plant No. 210, has been developed to supersede Parallel-Battery Antomatic Power Plants previously
used for exchanges with power consumption up to 2,000 Ah/day. The new plant uses rectifier sets incorporating mechanical regulators
which are controlled from a voltage-sensitive relay connected across the exchange load.

INTRODUCTION

HARGE-DISCHARGE working was the standard

method of supplying power for telephone exchanges

until about 1935, when new standard schemes were
introduced.! Larger exchanges were then supplied on a “full
float” basis; i.e. the exchange load was supplied by an
automatically regulated generator. A battery connected
across the output of the generator served to maintain the
supply in the event of failure of the generator. This battery
was intended to be kept in a fully-charged condition but
experience has shown that, with the voltage range and
number of cells used, small losses occur and the battery
requires occasional refreshing charges. Smaller installations,
with up to 2,000 Ah/day consumption, were supplied by
automatic power plants which allowed the battery to
partially discharge (by approximately 4 per cent of its
capacity), and charging rectifiers (or motor generatorsin d.c.
areas) were then automatically connected across the load
and batteries until the batteries were restored to a fully
charged state. The maximum output of the rectifiers was
at about the 16-hour rate of charge for the batteries. Thus
the method of working was a mixture of ‘““float-charge,”
“‘assisted discharge” and float working, depending on
the load.

These automatic plants needed only occasional attention
compared with the frequent attention needed by charge-
discharge working. Experience with the system has
indicated the desirability of replacing automatic working
by float working for smaller loads than originally envisaged.
The main reasons are the unreliability of ampere-hour
meters (resulting in incomplete charging of the batteries)
and the fact that the life of the batteries, some 6 to 8 years,
is little different from that on charge-discharge working,
whereas on fully-floating systems battery lives of the order
of 12 to 14 years are being obtained. The plant described
in this article has been introduced to supersede the existing
“Parallel-Battery Automatic Power Plant” (Power Plant
No. 207) in districts where a public a.c. supply is available.

FaciLities AND CIRCUIT OPERATION OF NEw PLANT

Field trials of rectifier sets incorporating mechanical
regulators and without ballast showed that they could be
successfully used on ‘‘equilibrium” floating duties (i.e.
maintaining the batteries at a voltage equal to or slightly
higher than the open-circuit voltage) under the control
of a voltage relay. The battery losses, which comprise
internal losses and slight discharges whilst the regulators
are readjusting the rectifier output, are made good at
fortnightly intervals.

It was decided to standardize in detail a plant that
could easily be increased in size if, as experience at some
exchanges has shown, estimated loads are exceeded earlier
than expected.

The plant, which has been standardized as Power Plant
No. 210, is designed to provide a positive-earthed supply
within the limits 46V to 52V under all load conditions, with
a peak load capacity of 300A, but the capacity can easily

tExecutive Engineer, Power Branch, E.-in-C.’s Office.
iJones, H. C. Modern Tendencies in the Supply of Power to
Telephone Exchanges. I.P.O.E.E. Printed Paper No. 156.

be increased if found desirable. The plant includes two
batteries, which are connected in parallel across the output
of one or two rectifiers. A common filter is provided in the
output from the rectifiers to prevent the noise level across
the load exceeding the psophometric equivalent of 2 mV at
800 c/s. The output of the rectifiers is normally controlled
by a voltage-control circuit mounted on the power switch-
board, which also accommodates the switching panel for
connecting the batteries to the load or the charging circuit,
as required. A system of “Prompt” and “Deferred”” alarms
is provided for connexion to the main alarm system. Alarm
lamps mounted on the top panel of the power switchboard
indicate the part of the circuit giving rise to an alarm,

When two rectifiers are installed, the circuit is arranged
so that Rectifier No. 2 is not brought into use until
Rectifier No. 1 is loaded to a predetermined amount. The
voltage-control circuit is then transferred to Rectifier No. 2
and the output of Rectifier No. 1 is kept under ‘“‘current”
control; i.e. its output is adjusted automatically if required,
to maintain the output within predetermined limits of
current. When the load falls the output of Rectifier
No. 2 is reduced until its regulator is at the minimum
output position. The voltage-control circuit is then
reconnected to Rectifier No. 1 and Rectifier No. 2 is
switched off.

It is expected that the majority of installations will
require only one rectifier, and the relays controlling the
change-over of the control circuits to the second rectifier
are not fitted initially but the wiring for them is provided
ready for use if required.

Outline of Circuit Operation.

Basically, the plant is controlled by the following
circuits:— .

(@) A voltage-monitoring circuit which is connected

across the load and causes the voltage regulators to
operate and adjust the output of the rectifiers to meet
load changes.

() The change-over circuit to control the switching in

and out of the second rectifier (where fitted).

(¢) Alarm circuits.

A simplified circuit diagram of the complete power plant
is given in Fig. 1. Alarm lamps, indicating meters, fuse-
alarm circuit, receiving-attention circuit and the distri-
bution of auxiliary supplies all follow conventional practice
and have been omitted from Fig. 1.

The voltage across the load is monitored by voltage relay
VA. If the load increases, the voltage falls until LA is
operated via the “low” contact of VAl. LA causes the
“raise output” signal to be given to the rectifier; i.e. LA2
operates relief relay LAR and LARS3 earths the connexion
to relay R in the rectifier; R1 operated completes the
regulator- drive circuit. Simultaneously VA is biased by
the operation of LARS5 so that VA1 moving contact breaks
from the “low” contact and takes up a predetermined
position near the “high” contact. The rising output from
the rectifier causes the voltage across the load to rise until
relay HA is operated from the “high” contact of VA.
HA2 operates relay HAR and the “raise output™ signal is
then disconnected by HAR3 and relay CA is operated via
LAR4 and HAR4. Relay CA locks to earth via CA3 and
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determined by the difference betweern the bias voltage and
the voltage difference between the settings of the “high”
and “low” contacts of VA. Bias resistors R6 and R7 are
adjustable so that the amounts by which VA is biased
(and hence the voltage change corrected at any one time)
can be set to the most suitable values. During field trials it
was found that, using a B.P.O. Voltmeter No. 47 as the
voltage relay, a voltage correction of 0-1V with overall
variation limits of 0-6V (i.e. a bias of 0-5V) gave the best
results on a working exchange load. The actual settings
will vary slightly at individual installations owing to the
differing characteristics of the various makes of voltage
relays and the age and condition of the batteries. Typical
figures for the setting of the VA circuit are “high” contact
51-3V, “low” contact 50-7V, bias 0-5V. Adjustments for
these settings are provided, together with a series resistor,
RS, to enable the operating range of VA to be adjusted
over a range of about +21V.

Rectifier Load Limitation.

Relay CR, in series with the rectifier, is a current relay
of the moving-coil type with adjustable “high” and “low”
contacts. The function of this circuit is to prevent damage
to the rectifier element when the current rises (e.g. on
reconnexion to a partially discharged battery following
failure of the mains) and to reduce the output should the
current tend to rise above the rating of the rectifier elements
{e.g. a change of the public mains supply voltage will cause
a disproportionately large change in the output current).

When the output current rises above the setting of the
“low” contact of CR1 (say 95 per cent output), CR1 breaks
from its low contact, allowing relay OC to operate, and OC1
disconnects relay R, thus preventing any further rise in
output due to signals on the “R” lead. The output will stay
at a value slightly above the preset “low’ limit of 95 per
cent output unless reduced by signals on the “L” lead.
Should the current continue to rise (due to, say, an increase
in the voltage of the public supply mains) CR1 will make
on its “high” contact and operate relay EC, which causes
the output to be reduced (by ECZ2 operating relay L
and L1 completing the regulator drive circuit) until CR1
makes on its “low” contact. The circuit is then restored to
normal and if there is an earth on the “R” lead the regulator
will drive until cut off again by CRI.

Civcuit Operation using Two Rectifiers.

When two rectifiers are fitted the change-over circuit
operates as follows:—

Rectifier No. 1 deals with load changes until it is fully
loaded (current limited by operation of CR). As the load
continues to rise the control relays of Rectifier No. 2 are
brought into use by the operation of relay CO. Rectifier
No. 2 then deals with the load changes while the output
current of Rectifier No. 1 is maintained within preset limits.
When the regulator of Rectifier No. 2 is driven from its
minimum position, its B contacts close, earthing lead C2;
relay RB operates and RB1 holds relay CO to prevent the
control circuit being switched back to Rectifier No. 1 until
the output of Rectifier No. 2 has been reduced to zero.

Rectifier Regulator ““Homing” Feature.

If a rectifier is switched off for any reason, such as a mains
supply failure or for maintenance attention, the circuit is
arranged so that the regulator is driven to its minimum
output position before the rectifier is reconnected to theload.
This is accomplished as follows:—

Relay C is released by (a) disconnexion of earth from
terminal S; e.g. operation of Cut-off key (KN), (b) operation
of relay OV (see later), or (c) release of relay MF—failure of
a.c. mains supply.

Contact C2 disconnects the earth from the contactor MC,

C3 and C4 disconnect the control wires from relays R and L,
and Cl operates relay Q. Q3 operates relay L and causes
the output to be lowered until the regulator low-limit
contact, B, opens. The circuit is then restored to normal
by the release of relay Q.

Mains Supply Failure.

If the mains supply fails, relay MF releases, MF1 dis-
connects relay C and MF2 operates alarm relay RF via
terminal A. The release of relay C disconnects contactor
MC and the mains supply is disconnected from the rectifier
transformer by MC1 and MC2. When the mains supply is
restored relay MF re-operates and MF1 prepares the circuit
for the re-operation of relay C. The rectifier “homing”
circuit operates and when the low-limit switch (contact B)
on the regulator opens, relay Q releases and relay C
re-operates; the control circuit is then restored to normal.
The rectifier output continues torise (subject to the current-
limiting arrangement previously described) until the float
voltage is again within limits.

When the load is transferred to the battery, VAl will
operate relay LA; LLA4 holds relay RF operated and RF3
disconnects relay TH, preventing operation of the low-
voltage alarm circuit until the normal float voltage is
restored. The purpose of this is to avoid the necessity of
special visits to unattended stations merely to restore the
voltage alarms since there will inevitably be a low-voltage
condition existing for a short period after the restoration
of the mains supply.

Voltage Alarm Circuit.

Should the voltage remain outside the limits set by relay
VA for approximately 45 sec without correction, an alarm
is given. If the condition is due to a high voltage, the C
relay(s) in the rectifier(s) will be released (relay VH operated
via HA3 and TH1, and relay C disconnected by VH4) and
the rectifiers will be switched off. The reason for this is that
this condition can only arise if there has been a failure of
one of the control circuits. .

If the alarm is due to a low-voltage condition the
rectifiers are not switched off.

The alarm condition persists until attention is given.
Operation of the reset key (KRS) releases relay VH (or
VL). The voltage alarm circuit is inoperative if a rectifier
failure is responsible for the condition giving rise to the
voltage alarm.

Filter Fuse Alarm Circuit.

The fuses associated with the capacitors in the smoothing
filter are of the alarm type. If one of these ruptures, the
spring contact operates relay FFA causing a TFilter Fuse
Alarm lamp to glow and the Prompt Alarm circuit to
operate.

Out-of-Service Facility.

If it is desired to switch a rectifier out of service to give
maintenance attention to the regulator or for investigation
of a fault, the “Out-of-Service” key (KOS) is operated.
KOSI disconnects the holding circuit of relay OV (if
operated, as described later): KOS2 and KOS3 transfer
the operating circuits of relays R and L to test keys (KRH
and KRL) and the operation of these relays to “‘stray”
conditions is prevented. KOS4 releases relay C and
connects terminal S to terminal F. When two rectifiers are
fitted, the bridging of terminals S and F on Rectifier No. 1
causes relay CO to operate and Rectifier No. 2 is brought
into service immediately.

The rectifier to be taken out of service is now disconnected
from the load (release of relay C disconnected contactor
MC) and the regulator can be driven under hand control
by the use of the “Test Raise” (KRH) and ‘“Test Lower’
(KRL) keys on the rectifier. When the key KOS is restored
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the low-voltage condition registered
by contact VAl, since the load is
being carried by the batteries.

Where two rectifiers are fitted, the change-over circuit
and “‘pick-up” of Rectifier No. 2 can be tested by operating
the “Out-of-Service” key (KOS) of Rectifier No. 1.

The driving circuits of the regulators can be tested indivi-
dually by operating the “Out-of-Service” key (KOS) and
operating the “Test Raise” (KRH) or “Test Lower”
(KRL) key of the rectifier.

The operation of the voltage-control circuit is tested as
follows: operation of the “Test HV” key (KAH1) earths the
lead to relay R and so causes the rectifier regulator to
increase the output current and the voltage across the load
rises. When it reaches 51-3V, relays HA and HAR
operate and correct the condition. HARS isolates the test
condition directly HA and HAR operate by removing the
earth applied by KAH1 to relay R. The circuit is restored
to normal by the operation and release of relays LA, LAR
and CA. To test the low voltage condition, “Test LV” key
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(KAL) is operated and the circuit operation is similar.
Should either testing key be held in one position the test
will repeat continuously, without interrupting service,
until the key is released.

The voltage alarm circuit is tested by operating the‘Test
Voltage Alarm” key (KTA), which prevents normal
operation of the control circuit. By operating the “Test
HV” or “Test LV” key until relay VA operates, the
required alarm condition can be set up. The circuit is
restored by restoring the “Test Voltage Alarm” key (KTA1)
and operating the “Reset” key (KRS).

Battery Charging.

A single-pole knife switch, fitted on the switching panel,
is operated to the “‘charge’ position and the rectifier charge
circuit is switched on. The battery to be charged is selected
by the double-pole knife switch, shown in Fig. 1.



THE POWER SWITCHBOARD

The power switchboard, Power Switchboard No. 3, has
been standardized in two ratings, each of which is supplied
in two heights. TheA” size, which is shown in Fig. &, has
a maximum rating of 100A and the B size a rating of
300A. The only difference between the two is in the
rating of the ammeter and the main components of the
switching panel, and this has been made an item that
can be ordered separately under the title Panel, Switching
No. 2A or 2B, so that an “A” size switchboard can easily
be converted to “B” size.

The framework, which is of similar design to the 2000-
type racks used for telephone exchanges, is made in either
of the two heights used for exchange apparatus racks. This
facilitates installation in combined power and apparatus
rooms. Power Switchboards No. 3A and 3B are only
2 ft 3 in. wide and can be installed in line with existing
apparatus racks if at least 2 ft 6 in. clear space is left at the
front and rear. The control-circuit components and meters
are mounted on a sheet-steel panel with two relay mount-
1ings above the panel, arranged so that all relays are accessible
from the front of the board. The Panel, Switching, No. 2 is
fitted below the Control Panel and is of insulating material.
It carries all the “current-rated”” components (e.g. switches,
shunts, etc.), with the exception of the ammeter. The
knife switches have been fitted horizontally to reduce the
size of the panel and to simplify the busbar layout. To
prevent inadvertent short-circuits due to metallic items
dropping across the switches, an insulating guard, similar
to a shelf, is fitted above them. At the back of this panel
are the fuses and shunts, the sizes of which are determined
locally for each installation. The fuses and shunts are
selected from the Post Office standard ranges. Bolts are
provided on the contact blocks across which the load fuse is
fitted so that a recording device can be connected in the load
circuit when required. Above the relays is fitted an insu-
lating panel carrying the local alarm lamps on the front
and five distribution fuses for auxiliary services at the rear.
At the top of the rack is the common positive or earth bar.
This is drilled for a variety of arrangements, connexion
being made by standard soldering sockets (to British
Standard No. 91) bolted to the bar. The position of the
earth bar reduces the amount of cabling crossing the back
of the board when overhead cabling is used.

THE RECTIFIERS

The rectifier units consist of sheet-steel cubicles containing
the voltage regulator, mains transformer, rectifying element
and control and testing circuits, plus a charging rectifier
unit. Some voltage regulators are of the auto-transformer
type, and others of the ““double-wound” type, the latter in
most cases dispensing with the necessity of providing a
separate mains transformer. The rectifying elements are
likely to be of the dry-plate type, although mercury-arc
elements are not precluded by the specification.

In view of the large number of proprietary regulators
and the diversity in their dimensions and contours, the size,
layout and circuit detail of the rectifiers are not closely
specified. The circuit in Fig. 1 is typical.

The cubicles are arranged for access from front and rear,
but need not be side-by-side where two rectifiers are fitted.
Each rectifier is a separate entity and is connected direct
to the power switchboard. The rectifier need not be fitted
near the power switchboard and can, if desired, be fitted in
a different room. Each rectifier is provided with keys to
facilitate maintenance testing and fault location. The
cubicles are designed for overhead cabling.

Rectifiers No. 75 and Rectifiers No. 76 are used. Rectifiers
No. 75 can be operated from 50-c/s single-phase supplies
within the range 200 to 250V and Rectifiers No. 76 from

50-c/s 3-phase supplies within the range 346 to 440V. These
rectifiers have “float” outputs equal to the “‘peak loads”
in Table 1. The output of the charge-rectifier unit is equal
to one-fifth of the nominal output of the “float” portion
of the rectifier. Rectifiers for operation from other mains
supplies can be provided where necessary.

FILTERS

The filters are of the conventional “T”’ formation,
arranged as shown typically in Fig. 1. It is probable that
some of the larger sizes will be produced in a vertical
arrangement (i.e. chokes one above the other) to economize
in floor space and to facilitate overhead cabling. The filter
can be placed in any suitable position near the power switch-
board, the distance being kept as small as possible as it is
desirable to keep the output cable from the filter short and
apart from the input and earth cables. The input and earth
cables must be kept as close together as possible to minimize
inductive disturbance in other circuits.

The range of filter sizes covers each of the standard sizes
of Power Plant No. 210 given in Table 1, which also shows
the values of the components. The shunt arm comprises
Post Office standard 500-uF capacitors and each capacitor
is connected in series with an alarm-type fuse.

TABLE 1
Power Plant No. 210—Main Components
Power Power Filter
Plant Peak Mains Switch- | Rectifier
No Load Supply board Size Inductor |Capacitor
210A 25 amp Single- 7BA A 8mH | 2,000 uF
2108 50 amp e 75B B 8mH | 2,000 uF
210C 75amp [J P 75C C 7mH | 2,000 uF
210D 25 amp 3A 76A D 3mH | 2,000 uF
210E 50 amp 76B E 3mH |2,000uF
210F 75 amp 3-phase 76C F 2mH | 2,000uF
210G |125 amp P 76D G 2mH |2,000uF
210H 175 amp } 3B T6E H 1-5mH | 4,000 uF
210J 300 amp 76D J 1mH |6,000pF
+
T6E
BATTERIES

The circuit was designed to operate with two 25-cell
batteries having Planté positive plates and acid of maxi-
mum specific gravity of 1-220 at 60°F, It is possible to use
the system with other types of secondary cells provided
that the voltage-regulating limits and/or the number of cells
are adjusted to suit the characteristics of the cells used. If
other types of cell are used, consideration should be given
to the adequacy of the output of the charging rectifier(s).
The capacity of the batteries is not important so long as
both batteries employ plates of the same size and type;
variations of plate characteristics will cause one battery to
become discharged whilst the other is maintained fully
charged. Itis preferable for the two batteries to be identical
in all respects.

The size of the batteries is determined individually for
each installation. Where standby engine sets provide the
main reserve, smaller batteries can be provided than where
a full 24-hour reserve, or more, is required. This should save
battery-room accommodation at some exchanges, since,
with Parallel-Battery Automatic Power Plant it is essential
that the relationship between the battery size, rectifier
size and load range be adhered to.

CONCLUSION

A Power Plant No. 210 requires less floor space than a
Parallel-Battery Automatic Power Plant of equivalent size
and the facility of fitting the rectifiers some distance from
the power switchboard should enable the best use to be
made of available accommodation.

Although this plant was originally intended for use
where the exchange load is between 200 and 2,000 Ah/day,
projected developments in rectifiers indicate that it may be
possible to extend the range to cover bigger loads.
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Setting Up and Testing A Coaxial

Line Link for Telephony®

U.D.C. 621.395.44:621.315.212

A. H. WATKINS, CcG.LA, AMBritLRE}

An account of the procedure used by the British Post Office for setting up and testing a coaxial line link for telephony, with particular
reference to links employing Coaxial-Equipment, Line, No. 2B.

INTRODUCTION

HE procedure for setting up and testing a coaxial
line link for telephony is described in this article

with particular reference to links employing
Coaxial-Equipment, Line, No. 2B, which is typical of the
equipment most commonly used at present in the British
Post Office coaxial cable network. A “line link” may
consist of one or more line-regulated sections, but this
article is concerned with a single line-regulated section.

Coaxial-Equipment, Line, No. 2B.

Coaxial-Equipment, Line, No. 2B, of which Unit Bay
1B Equipment! may be considered the prototype, consists
of all the line equipment between the supergroup translating
points and includes, in addition to the high-frequency
(h.f.) amplifying equipment, h.{f. supervisory, h.f. control,
engineering speaker, and power equipment. The repeater
stations are spaced at a maximum of six miles and power
is supplied over the centre conductors of the cable from
selected stations (power-feeding stations).

Power-feeding arrangements.—The power-feeding arrange-
ments for a single power-feeding section are shown in

Fig. 1. The maximum loading for a single power-feeding
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F1G. 1.—ScHEMATIC DIAGRAM OF POWER-FEEDING ARRANGEMENTS.

station is three stations on each side of it. A terminal
station feeds a maximum of three dependent stations. The
local a.c. supply is voltage regulated and stepped up to

*This article is a shortened and simplified version of the thesis
submitted by the author to the City and Guilds of London Institute
in connexion with the Institute’s Insignia Award in Technology.
Permission to publish in this form is gratefully acknowledged to
the City and Guilds of London Institute.

tAssistant Engineer, Home Counties Reglon formerly in the
Transmission and Main Lines Branch, E.-in-C.’s Office.

1For numbered references see end of article.
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350V for supplying the local equipment and to 500-0-500V
for feeding to line. Power-feeding stations have a diesel
generator with facilities for automatic starting if the mains
supply fails.

H.F. transmussion path.—The h.f. transmission path and
pilot circuits are shown in Fig. 2, 8 and 4. The bandwidth,
60-2,852 kc/s, will accommodate 11 supergroups, each of
60 circuits, although to date the policy has been to equip
only 10 supergroups, in the line frequency band 60-2,540 kc/s.

Changes in cable attenuation due to changes in tempera-
ture are compensated by switching networks (temperature
equalizers) into, or out of, circuit as the temperature of the
cable decreases or increases, respectively.

Two pilot signals are transmitted in each direction
of transmission. The level of each pilot is 16 dB above the
channel test level, which at the line amplifier output is
—13 dB relative to the channel level at the two-wire point.
The pilot frequencies are 300 kc/s and 2,852 kc/s; 300 ks
being used for monitoring the system level at each station,
stabilization of the received level at the terminal station,
and synchronization of the carrier generating equipment.
At terminal stations the 2,852-kc/s pilot is also used to
monitor the system level, and provides an indication of
when temperature equalizers should be switched.

The system level is monitored by selecting the 300-kc/s
pilot at each station and using it to control switching relays
in the transmission path. Should the 300-kc/s pilot signal
fall to a predetermined level, a standby line amplifier is
switched into circuit. At the receiving terminal the 300-kc/s
pilot is used to provide an automatic gain control which
is, however, rejected if the gain control required exceeds
+3 dB. The 300-kc/s pilot is frequency-converted to
60 kc/s at the receiving terminal for synchronization of the
carrier supplies. At the transmitting terminal the two
pilots are derived from the channel and supergroup carrier
generating equipment, the 300-kc/s pilot being derived by
frequency conversion from the 60-kc/s carrier supply, and
the 2,852-kc/s pilot being obtained direct from the carrier
supply for supergroup No. 10.

Supervisory and control facilities—The supervisory and
control circuits are arranged so that the control station is
always fully informed of the conditions existing at all
stations on the line. The supervision and control is
provided over a 4-wire audio circuit, which is shown in
schematic form in Fig. 5. The control circuit is used for
switching the temperature equalizers or changing from
main to standby line amplifiers. The supervisory circuit is
used for transmitting information to the control terminal
to indicate whether the temperature equalizer is in or out
of circuit and whether the standby amplifier has been
switched into circuit.

Selective voice-frequency ringing is provided on the
speaker circuit so that the control terminal can call any
station in the line-regulated section. The remote terminal
station or any power-feeding station also calls the control
station by selective ringing. Dependent stations call the
terminal stations by d.c. signals superimposed on the audio
circuit to the power-feeding station, which transmits an
audio signal to the control station.

Fault location and cable-temperature measurement is
carried out by the adjustment of a simple bridge circuit,



H F PANEL
= ~
-] CABLE rﬂ
.| TERM. EGQLR EQLR
BOX (IF REQD)

H F PANEL’

|

Qrf Rsoo_)

MaAIN

TEMP

EQLR.
=
-] CABLE RESIDUAL
~| TERM. . EQLR
BOX EQLR.
LINE AMPL
AGC AMPL,

N

300ke(s

2852kc/s 2852ke/s
Fic. 3.—REecEIvE H.F. TransMI1ssioN PatH AND PiLot CIRCUITS AT A TERMINAL
STATION.
TRANSMIT CONTROL PANEL —l
STABILIZER ’ "HF PANEL

2852kc/s!
EROM_ ol e s

GEN.EQMT

TRAFFIC,
iN

-45d8

REL1mW |

FROM

CARRIER

GEN EQMT.

Fi1Gg. 4—TransMmit H.F. TRANSMISSION PaTH AND Piror CIRCUITS
AT A TERMINAL STATION.

which is independent of cable temperature changes when
used for fault location.

TEMPERATURE-EQUALIZER SWITCHING SCHEDULE
The networks that are switched into or out of circuit to
compensate for changes in cable temperature are equivalent
to approximately 0-4 miles of 375A-type coaxial cable. A

EQLR—._J

Fic. 2.—H.F. TRANSMISSION PATH AT AN INTERMEDIATE STATION.

Temperature Equalizer Switching Schedule
is prepared to determine the order in which
the networks are switched, as the tempera-
ture falls and rises, to ensure that:—

(@) the changes in the amplifier output
levels when an equalizer is switched are
kept to a minimum, and

(6) at mid-schedule temperature, the
amplifier output level at any station does
not differ from the nominal level* by
more than 14 times the loss of one tempera-
ture-equalizer network; the mid-schedule
temperature being that midway between
the upper and lower temperatures for the
number of temperature equalizers switched
into circuit.

HicH-FREQUENCY LEVEL TABLE

The amplifier output level at any station
will be dependent upon the number of tem-
perature equalizers in circuit and the
amount by which the cable temperature
differs from the mid-schedule temperature.
During the h.f. line-up it is necessary to
know the nominal amplifier output levels
at mid-schedule temperature at the time of
measurement. This involves correcting the
absolute measured level by (a) the change

TRAFFIC OUT
15 48 in cable attenuation due to the difference

REL ImW between the cable temperature and the
mid-schedule temperature and (b) by the
change from nominal level at the station
due to the number of temperature equal-

60kels TO izers in circuit. A table is therefore pre-

gé:%lg R pared showing the corrections at tempera-

tures likely to obtain during the line-up
with any number of temperature equalizers
in circuit. Table 1 shows part of such a
table for one direction of transmission of a
typical line.

The table is prepared by calculating the
slopet of the output level/frequency charac-
teristicat eachstation (at mid-schedule tem-
perature) when each temperature equalizer
is brought into use, in the following way:—

| Slope:(?) —2 temperature equalizers,

where:—

x=Distance from transmit ter-
minal in miles.

v=Total number of temperature
equalizers in circuit.

z=Number of temperature
equalizers in circuit between
transmit terminal and am-
plifier output.

{=Distance between terminal
stations in miles.

A positive result indicates that an upward slope exists
(2,000 kcfs level exceeds 300 kc/s level) at the station in
question; conversely, a negative result indicates a down-
ward slope. An upward or downward slope is indicated by

*In this article the term ‘‘nominal level’’ refers to the level that
would exist at the point of measurement if all equipment between that
point and the sending point were of 1ts designed gain or loss and the
cable were at its designed loss at 25°C.

tWhere the term ‘‘slope” is used in connexion with the h.f.
line-up it refers to the difference in level between two arbitrarily
chosen frequencies, namely 300 kc/s and 2,000 kc/s at intermediate
stations, and 300 kc's and 2,852 kc/s at terminal stations.
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the suffix “u” or ““d” against the calculated figure for the

station.

The lower portion of Table 1 shows the correction for

temperature deviation from mid-schedule temperature.

TABLE 1

Part of Typical H.F. Level Table

Direction of transmission A-Y

~

Tempera- . Slope of amplifier output-level/frequency
ture SMcilde— characteristic (in temperature equalizers)
Sc; o range °C | Sohe- Station < o] Q =3 " >
i gle| wme g g5 ElE| g
No. | Max. | Mm. | o™ S| 81 8 S{ 848
] 0 7} 7] " @
24-2 | 22-6 | 23-4 | Station W. | 0 0 |01ul...... 0-1d| © 0
22-6 | 21-0 | 21-8 | StationD . | 0 [0-lu 02ui...... 02d(0-1dj 0
21-0 | 194 | 20-2 | Station M. | 0 |0-1lu|0-2u 024 0-1d{ O
14 34| 18| 26| StationH. | 0 |04d{01u|...... 0-1a}0-5d| ©
15 18} 02| 1-0 | StationQ. | 0 |0-4d|02u|...... 0-2d10-5d| ©O
16 02 [—14 {—0-6 | Statton S . | 0 |0-3d{02u|...... 02d|0-6df O
+0:75°C.. | 0 0 0o |...... 0-4d | 0-4d | 0-5d
+0-5°C 0 0 o |...... 0-3d{0-3d | 0-3d
+025°C . | O 0 0o [|...... 0-1d]0-1d | 0-2d
Corrections to be made
for variations from Mid-schedule] © 0 0 [...... 0 0 0
mid-schedule (fraction of
temperature equalizer) —025°C .| © 0 0 {...... 0-1u|0-1u} 02u
—0-5°C 0 0 0 f.o..... 0-3u [ 0-3u | 0-3u
—075°C .| 0 0 0 |...... 0-4u | 0-4u | 0-5u

* “Schedule No,” corresponds to the number of temperature equalizers switched into

circuit.

TESTING PROGRAM

After installation each rack is tested individually. These
tests are known as “‘In-Station™ tests and for equipment
supplied under contract are, with certain exceptions, the
first acceptance tests carried out by the Post Office.
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In-station testing is followed by the “Power Line-Up,”
during which power is fed over the cable to the inter-
mediate stations, and all necessary adjustments made.

When the power equipment has been lined up it is
desirable to complete adjustments on the speaker circuit
so that full intercommunication between stations is
available for subsequent tests. The 4-wire circuit which
provides the control and supervisory circuits is lined up
concurrently with the speaker circuit. Adjustment of the
audio oscillators and selectors is next carried out, thus
completing all work on equipment other than the h.f. path,
which is next lined up and tested between the line terminal
stations.

IN-StaTION TESTING

The in-station tests are not dependent on the cable and
may be carried out during installation of the equipment at
other stations; they consist of:—

Visual inspection and vibration testing.

Relay adjustments.

Audio amplifier tests.

H.F. amplifier and selector tests.

Audio oscillator tests and adjustments.

Audio selector tests and adjustments.

Functional testing of supervisory and control circuits.
Miscellaneous h.f. testing, including testing of pilot
stabilizers, gain control circuits, etc. at terminal
stations.

All these tests are carried out with power supplies
obtained from the normal source or from standby supplies.
A temporary adjustment of voltages is made so that the
equipment is tested under approximately the same condi-
tions as will exist after completion of the power line-up.

Power LINE-UP

In view of the high voltages used on the cable,
500-0-500V a.c., it was necessary to design the power



system such that points of high potential were not readily
accessible to the testing and maintenance staff. This has
been achieved by means of a system of locks. Access to the
cable terminations can only be obtained via a locked cover,
the key of which is kept in an interlocking key box
mounted on the wall of the station, adjacent to the equip-
ment. The key can only be removed from the box after
insertion of a second key into the box. As the second key
controls the 500-0-500V supply to the cable it follows that
the high voltage supply must first be disconnected before
the key can be removed from the key box to obtain access
to the cable terminations. In addition to releasing the key
giving access to the cable terminations the second key
releases tertiary keys for the use of cable jointers. The
jointer who is to open the cable will only proceed after he
has obtained possession of the tertiary key, ensuring that
power has been removed from the cable.

It is essential that before the power line-up commences
all interlocking key boxes be fitted and all power-feeding
switches operated by the appropriate keys.

Each complete power-feeding section 1is lined up in two
stages, power being first fed out on one side only of the
feeding station and voltages checked and adjusted at each
station. At each dependent station the received voltage is
a function of the sending-end voltage, section length and
load, and is therefore not readily calculated in the field, and
to facilitate a check in the field constants relating these
variables have been determined.

Simultaneous measurements are made at each end of the
section. This is necessary because the regulated voltage at
the power-feeding station may, in the limit, change by 4 per
cent (42 per cent from nominal) in the interval between
measurements if not made simultaneously, due to tolerances
on the voltage regulator.

SPEAKER, SUPERVISORY, AND CONTROL CIRCUIT LINE-UP
AND ADJUSTMENTS
Four-wire Audio Circuit Line-Up.

The speaker, supervisory and control circuits consist of
two 4-wire circuits, each equipped with Amplifiers No. 32.2
The circuits are routed over 20-1b unloaded interstice pairs
of the cable.

Line equalization is effected by an impedance mismatch
at the input to each amplifier by the use of line transformers
producing a reflection and interaction loss/frequency
characteristic that is approximately the inverse of the
attenuation/frequency characteristic of the line. Using
this method of equalization it is found that residual
equalization is mnecessary at approximately every 10
stations and for this Equalizers, No. 9A3 are used.

The circuits are lined up, using conventional methods, to
a nominal zero overall loss and equalized between the
limits —3 dB and +4-0-5 dB, relative to zero overall loss,
over the band 300-3,400 ¢/s.

Audio Oscillator Adjustmenis.

The audio oscillators are tuned to the {requency
allocated to the station for supervisory, control and
speaker-ringing purposes against a test oscillator having an
accuracy of -0-2 per cent or 2cfs, whichever is the
greater, during the in-station testing. The output levels
are adjusted after the 4-wire line-up to —6 dB (Control or
Supervisory) and +2 dB (Speaker), both relative to 1 mW
in 600 ohms, measured at the line-amplifier output.

Audio-Selector Sensitivity Adjustments.

The tuning of the audio selectors is carried out during
the in-station testing in the same manner as the oscillators.
It is necessary to set the sensitivity of the selectors 11 dB
below the nominal operating level. This margin of 11 dB
is to accommodate changes in the level of the received

signal due to the permitted attenuation distortion of the
associated line, level changes due to cable temperature
variation, effect of voltage changes when working on
standby supplies, and tolerances on the initial adjustment
of the oscillators.

Tue H.F. Line-Up

Preliminary Adjustment of Line Equalizers and Attenuators.

The Line-Equalizer Unit consists of five sections, each
designed to equalize a given length of 375A-type coaxial
pair, the five lengths being 1-2, 1-6, 1-8, 2-0, and 2-2 miles.
Combinations of the five sections may be selected to equalize
cable lengths of 3-6 miles in steps of 0-2 miles with the
exception of 4-4 miles.

The equalizer settings are selected so that at any station
the total equalizer mileage between the sending end and the
line amplifier at the station is equal to the line mileage
between these two points. The attenuator preceding the
equalizer is set to a value such that the insertion gain
between the amplifier output at the preceding station and
the amplifier output at the station is zero at 300 kc/s at a
cable temperature of 25°C.

Before the preliminary adjustment of equalizers and
attenuators is made a table of mileages of each station from
the sending end, and the required equalizer and attenuator
settings, is compiled for each direction of transmission.
Part of a typical table for one direction of transmission is
shown in Table 2. The actual distances are converted to
equivalent lengths of 375A cable if the cable is other than
375A. This'is because the main equalizers were designed to
equalize 375A-type cable.

TABLE 2

Prelimnary Equalizer and Att gor Settings for Typical Line-regulated Section

Station A-—Station Y Direction of Transmission

Equiva- Equiva- Total

Distance lent Distance lent Equah- | Equali- | Attenu-
from distance from distance zer zer miles ator

previous | for 375A | control | for 875A | setting from setting
station cable | terminal | cable control (dB)
Statron A . — — — — — — 10
Station B . 5158 4:849 5-158 4-849 4-8 48 10
Station C . 4-225 3-972 9-383 8-821 4-0 88 18
Station X . 5164 4:699 | 118-464 | 108-584 46 108-4 12
Station Y . 4-441 4-041 | 122-905 | 112-625 42 112-6 16

Temperature Equalizers.

Measurement of the cable temperature is made to deter-
mine how many temperature equalizers should be in
circuit at the commencement of the line-up, the number
for any given temperature being obtained from Table 1.
The temperature equalizers are switched in and out of
circuit manually in accordance with the temperature
equalizer schedule. In addition, all A amplifiers are locked
in circuit manually. The locking of temperature equalizers
and amplifiers is considered preferable to remote control
to avoid any possibility of a temperature equalizer or
amplifier being switched without the knowledge of the
testing officer responsible for the line-up.

H.F. Continuity Tests.

During the visit to each station for the preliminary
setting of equalizers, switching of temperature equalizers
and locking of amplifiers, opportunity is taken to check the
continuity of the h.f. path at 300 kc/s. In this way, serious
faults that may exist are detected and can be cleared before
the main line-up commences. This precaution is necessary
as it is desirable that once the line-up commences it should
proceed as quickly as possible to completion with minimum
change in cable temperature.
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Final Adjustment of Line Equalizers and Attenuators.

Each station is visited in turn and the following
procedure followed:—

(i) The amplifier output level is measured as a
terminated level at 300 ke/s and 2,000 kc/s.

(i) Measurements made in (i) are corrected for the
slope shown on the H.F. Level Table (Table 1) and
for difference between cable temperature at the
time the measurement is made and the mid-schedule
temperature; a further table (not shown) being
used to convert “slope” to dB at the frequency of
measurement.

(iii) Corrected measurements are examined to see if any
slope exists which could be reduced by adjustment
of the equalizer and whether the level at 300 kc/s is
within 4-1 dB of nominal.

(iv) The equalizer is adjusted, if necessary, to reduce
the corrected slope to not greater than half the slope
of 0-2 miles of equalizer.

(v) The attenuator is adjusted to correct, if necessary,
the level at 300 kc/s to within 41 dB of nominal.

(vi) Investigation is made to find the cause of any
adjustment exceeding 0-2 miles of equalizer and
2 dB of attenuator from the settings made during
the preliminary adjustments.

(vii) The terminated amplifier output-level/frequency
characteristic is measured over the complete line-
frequency band.

As the line-up proceeds station by station in the above
manner, irregularities appear in the amplifier output-
level/frequency characteristic due to an accumulation of
design tolerances. The variations of output level introduced
in this manner are not permitted to exceed +4-3 dB, relative
to the nominal output level, to ensure that the overload and
signal/noise limits for the line are met. Residual equaliza-
tion is applied if the attenuation distortion exceeds this
limit. Residual equalizers can be fitted to remove a “dip” in
the characteristic only if sufficient gain is available at the
station to compensate for the loss of the equalizer. In
the event of insufficient gain being available at the station,
the equalizer is fitted at the nearest station at which gain is
available, on the sending side of the station at which the
permitted attenuation distortion is exceeded. It is then
necessary for the line-up to be repeated at succeeding
stations from that where the residual equalizer was fitted.

The line residual equalizers are in general designed and
constructed to meet the requirements of each particular
case. Experience has shown, however, that the irregularities
in the amplifier output-level/frequency characteristic
usually occur at approximately the same points in the
frequency band. Residual equalizers are stocked for
equalization of these irregularities, other irregularities being
equalized by residual equalizers designed for the specific
purpose.

At the receiving terminal a similar procedure is adopted,
and with the Fractional Temperature Equalizer* set to 0-75,
the automatic gain control switched out of circuit and
attenuator A2 (See Fig. 3) set to 2 dB, the overall attenua-
tion distortion should not exceed specified limits.

On completion of the adjustment of equalizers and
attenuators all measurements are repeated as ‘‘through-
level” measurements at all stations. The difference between
the “through’” and “‘terminated’” measurements should not
exceed 0-5 dB at any frequency.

Adjustment of H.F. Selectors.
The operate and release level of all h.f. selectors is

*A special temperature equalizer fitted only at the receiving
terminal and capable of being set at fractions of the loss of the
complete temperature equalizer fitted at all stations.

102

measured. Selectors failing to meet the specification
limits are re-adjusted.

OVERALL TEsTS

In addition to the overall insertion-gain/frequency
characteristics meastred at the time of the h.f. line-up the
following overall tests are carried out: basic noise, inter-
modulation, crosstalk, overload, radio interference and
stability.

Basic Nozise.

The noise present on the line may consist of components
due to thermal noise, valve noise, intermodulation, cross-
talk and radio interference or other spurious signals. The
combination of thermal noise and valve noise is grouped
under the general title of basic noise and is measured in
a 4-kc/s band with the automatic gain control in circuit and
both pilots transmitted.

Ideally, the basic noise should be measured in the actual
channel bands but due to practical difficulties in selecting
these bands at line frequencies, 4-kc/s bands distributed
over the complete frequency band are selected for measuring
purposes. The level of the noise in these bands is obtained
by direct comparison with the known level of a single-
frequency signal from a test oscillator. The tests are made
both with the main, “A,” and standby, “B,” amplifiers in
circuit and should meet specified limits, which depend on
the number of stations.

Intermodulation.

On a line system employing high-level pilots it is the
intermodulation between the signal and the pilots that is
of greatest importance. Intermodulation products of the
two pilots will fall between channels and may therefore be
ignored.

The intermodulation tests are carried out firstly with the
“A” amplifiers in circuit, and repeated with the “B”
amplifiers. The test consists of transmitting a signal with
one or both pilots connected and selecting the required
second-order and third-order products. Care is taken to
ensure that intermodulation doesnot take place in thetesting
equipment. Where thisoccursastop filter is connected before
the test equipment, to suppress the fundamental signals.

The second-order and third-order intermodulation pro-
ducts have been shown by Brockbank and Wass? to consist
of the following frequencies, where the fundamental
frequencies are A, B and C:—

2nd order terms = 24, A 4+ B, etc.

3rd order terms = 34,24 + B,A + 2B, A + B —C,

etc.

Choice of the intermodulation product tc be selected for
measurement is dependent upon the frequency of the test
signal used. A test signal of 500 kc/s is used with the
2,852 ke/s pilot to produce a second-order product, whilst
both pilots and a signal of 850 kc/s are used to produce the
third-order product.

The test signal is applied at the input to the line at a
level of —15 dB relative to 1 mW and is decreased in steps
of 1 dB to —30 dB relative to 1 mW, measurements of the
intermodulation products being made at the distant
terminal at each level of signal.

A change in the test signal level will result in a linear
change in the level of second-order and third-order inter-
modulation products over the major portion of the level
range—15dB to —30 dB relative to 1 mW. This linear
change will not occur at the lower and upper levels of test
signal due to the proximity of the basic-noise level and
overload point respectively.

The level of the intermodulation product with the test
signal at channel test level (—45 dB relative to 1 mW at



the input to the line link) is obtained by plotting the above
test results and extrapolating the linear part of the graph.
The level thus obtained is corrected by 15 dB (channel test
level is —15 dB relative to 1 mW at the point of measure-
ment) to express the intermodulation as a signal/inter-
modulation-noise ratio, which should meet specified limits;
these are derived from the line-amplifier harmonic-distortion
limits.

Crosstalk.

The line crosstalk is measured in both directions of
transmission with both pilots connected and the automatic
gain control in circuit. First, the “A” amplifiers are locked
in circuit and, secondly, the tests are repeated with the
“B” amplifiers in circuit. The tests are made at a number
of selected frequencies and a narrow band is explored about
these frequencies as it has been found that, due to phasing
of the multiple crosstalk-paths, rapid changes of the
measured crosstalk occur with small changes of frequency.

Overload.

The usual method of measuring the overload point of an
amplifier (by observing the level of the harmonic content
of the output signal with increasing level of input signal) is
not used in the overall tests. It has been found more
practicable, when testing in the field, to observe the
relationship between the output and input level of the
fundamental signal. This relationship becomes non-linear
at approximately the same output level as the relationship
between the harmonic level and the fundamental signal level.

For specification purposes the overload of the line
amplifiers is defined as the output level at which an increase
of 1 dB in the input level results in a change of output level
of 0-75 dB or less. The overload of the line is measured by
applying a test signal at the input to the line at a level of
—30dB relative to 1 mW and measuring the level of
signal received at the distant terminal; the input level is
increased in steps of 1 dB and the changes of output level
noted, the overload point of the line being defined in the
same way as that for a single amplifier.

The overload point of a single line amplifier is +20 dB
relative to 1 mW (output level) within the band 60-2,500
kc/s. As the channel test level at the output of a line
amplifier is —13 dB relative to 1 mW it would appear,
from the work of Holbrook and Dixon,® that there is
ample margin to cater for the maximum number of speech
channels likely to be in simultaneous use during the busy
hour. This margin is, however, necessary due to the
permitted attenuation distortion, switching of temperature
equalizers, and changes in cable temperature between the
times of switching temperature equalizers. At intermediate
stations the output level may be 4 dB above the nominal
level, due to the permitted attenuation distortion. The
temperature equalizer switching schedule permits this level
to rise by up to 4 dB at the higher frequencies. In addition
to these two deviations from nominal output level there is
that due to change of cable temperature between the
switching of temperature equalizers, which amounts to half
the insertion loss of a temperature equalizer; approximately
1-5 dB at 2-6 Mc/s.

It will be seen that under the most adverse conditions
the nominal amplifier output level may increase by up to
9-5 dB, without taking into consideration the effect of
carrier leaks, test tones, v.f. telegraphy channels, and
line pilots.

The line is tested for overload at a frequency of 300 kc/s
and should not overload with an input signal of —14 dB
relative to 1 mW, which is equivalent to an amplifier output
level of +18 dB relative to 1 mW.

Radio Interfevence and Spurious Signals.

In view of the possibility of interference from radio
transmitters and other similar sources, the complete band
60-2,852 kc/s is carefully explored for signals of this nature.

Measurements are made with all “A”’ amplifiers locked in
circuit and both pilots disconnected, any signal in excess
of 5 dB above basic-noise level being investigated and steps
taken to reduce the level to that of basic noise if the signal
falls within a channel band.

Insertion-Gain Stability Check.

The final test carried out on the complete line link is a
check of the stability of the insertion gain of the overall h.f.
transmission path. The test is made by monitoring the
300 kc/s pilot with a recording milliammeter at the “Traffic
Out”’ test point (Fig. 8). The test is carried out over a period
of two weeks. During the first week the automatic gain
control is not in use and during the second week it is switched
into use. During the test the line amplifiers are under the
control of the 300 kc/s pilot and all temperature equalizers
are under the control of the terminal station. The 300 kc/s
pilot is also monitored at the output of the stabilizer to
obviate any change of level being incorrectly attributed
to the line.

The sensitivity of the recording instruments is such that
level changes of 0-1 dB are immediately recorded. The
overall stability of the line should be such that, with the
exception of changes due to cable temperature, the insertion
gain remains constant for the duration of the test.

CONCLUSION

The problem of the technique to be adopted in the
setting up and testing of a coaxial line system is not one
that presents any fundamental technical difficulty; the
problems are usually of a practical nature and the technique
described has been evolved by the Post Office from practical
experience in the setting-up and testing of many of the
earlier systems of a similiar type. The methods to be
adopted are dependent upon the design of the equipment
and any fundamental change in design will necessarily
result in new methods of setting-up and testing in the field.
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An Application of Delay-Line Storage
Techniques to the Common Control

of Directors

U.D.C. 621.374.5:621.395.34:621.318.57

S. W. BROADHURST, AM.LEE.T

Hitherto, electronic equipment designed to replace electromechanical equipment in telephone exchanges has been designed as a direct

substitute for electromechanical devices and has thus exploited only one of the features of electronic devices, the absence of mechanical

wear. This article discusses, with particular reference to the common control of directors, the design of electronic telephene exchange

equipment that exploits also the ability of electronic devices to operate at very high speeds and their potentialities for storing large
quantities of information in a small space.

INTRODUCTION

HE most striking features of electronic as opposed

I to electromechanical switching are the absence

of mechanical wear, its ability to operate at very
high speeds and its potentialities for storing large quantities
of information in a small space. Hitherto, in the design of
replacement equipment for the existing telephone system,
it is the first of these features that has been exploited.
Thus, in the Richmond experiment! electronic components
are, in general, employed as direct substitutes for the
electromechanical devices used in the original directors,
and are operated at speeds comparable with those of the
replaced items. Moreover, except in the case of the
translator, the duty cycle of each circuit element remains
unchanged.

To achieve the maximum economies, it is necessary to
exploit fully the other features of electronic switching: its
high speed and large storage capacity. At first sight there
appears to be little advantage in speeding-up the circuit
elements of such a device as a director, whose holding time
is largely governed by the speed with which it can be sup-
plied with information, and which has, in any case, to
control relatively-slow-acting selector mechanisms. The
present directors can, however, be regarded as mechanical
operators capable of dealing with only one call at a time;
if a common director can be devised which will act as a
single operator capable of dealing with all the incoming
traffic, the need for high-speed operation becomes apparent.
Such an equipment would have to collect traffic from a
large number of sources quickly enough to avoid missing
any significant change of information from any one of them,
and would further have to provide a very high capacity
storage in order to assemble and use the mass of information
it would receive. Systems of this type have been produced?3
and this article describes some of the basic operations
involved.

THE STORAGE PROBLEM

Any control circuit such as a director contains a series of
built-in sequences, and the action taken by the circuit is
governed by the association of the new information it
receives with the knowledge it already has of the past
history of the call. Hence, a common equipment substi-
tuting a number of directors will have to possess, in
addition to digit-storage capacity, an individual memory
of the progress of each of the calls it is handling. The
sequence control circuits, however, being identical for
every director, can be provided on a common basis,

Pulse-storage techniques offer the possibility of recording
information in the form of pulse patterns which can be
changed as the information changes, so that whereas the
state of a call on a normal director may be read by observing
the condition of the relays and switches, the state of the
electronic equivalent is read by observing the particular
pulse pattern at any instant, much in the same way that a

+ Assistant Staff Engineer, Post Office Research Station.
1 For numbered references see end of article.
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telegraph tape can be read by noting the pattern of the
holes.

Suitable pulse-storage devices include magnetic
drums,?®4 recording tapes and delay lines of various types.
This article will be restricted to discussing the exploitation
of delay-line techniques, although the principles to be
outlined are applicable to other storage devices.

The principles of a supersonic mercury delay line have
already been given in this Journal.3® Another form of
delay line which avoids the use of mercury and does not
require a carrier supply is the magnetostrictive line, %8
consisting of a nickel wire or tape threaded through a coil
and having the property that, when a pulse is injected into
the coil, a physical constriction occurs in the wire immedi-
ately under the coil causing a contraction wave to travel
down the wire at a constant speed. At the other end of the
wire the wave passes through a receiving coil and a voltage
is produced in the coil as the wave passes through it. The
wire is terminated and mechanical damping is necessary
to avoid excessive reflections from the terminations. The
output from the receive coil can be amplified, re-shaped
and re-applied to the input to maintain a constantly
circulating storage system.

Using this type of delay line well within its capacity, it
can store approximately 2} “‘bits” of information per inch,
using 2-us pulses at the input. Mercury delay lines can
operate at much higher speeds and are correspondingly
shorter. The system to be described in this article does
not relate to any particular type of delay line and the time
scale chosen is purely illustrative.

The register-translator functions in the existing director
exchanges are spread over the A-digit selectors and
directors. Economies can be made if these functions are
undertaken by a common register capable of handling
7-digit numbers and translating all of the A B C codes.
Registers of at least this capacity will, in any case, be
required when long-range subscriber-subscriber dialling is
introduced into the non-director network. Assuming that
a pulse-storage system operating in the binary code is to be
used, the storage of 7 digits will require 7 X 4 storage
elements or “bits.” To this number must be added the
bits required to distribute the incoming digits, to control
the sending of the translation and to provide the memories
for the sequence circuits. In total, a 7-digit director
requires the use of 55 storage elements, so that a delay line
holding 1,100 bits could accommodate 20 such directors.
A magnetostrictive line of this capacity may require a
wire about 36 ft long, which could, however, be coiled to
occupy a very small space.

Assuming that a delay line having a capacity of 1,100
bits is provided, and each item of information relating to
a particular director is supplied to the delay line as the
presence or absence of a pulse at some predetermined point
in a time cycle made up of 2-us pulses, the whole of the
information relating to one of the 20 directors can be
made to pass any given point in the circulating system in
110 us at intervals of 2-2 ms. The delay line can thus be
made the equivalent of an operator who can remember the
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Fic. 1.—A PosSIBLE TRUNKING SCHEME.

history of 20 calls simultaneously and who can, during a
period of 110 ps, receive, or receive and change, the
information relating to one particular call. The principle
is illustrated in Fig. 1.

A PosSIBLE TRUNKING SCHEME

Assuming the subscribers’ lines are connected to the
Ist Code Selectors and the A-Digit Selector Hunters
in the usual way, each hunter outlet is connected to a
coupling circuit associated with a particular 110-us
period (DP) allotted to it out of a total time cycle of 2-2 ms.
During this DP period the coupling circuit concerned is
the only one connected to the common equipment. In
Fig. 1 the common equipment is shown connected to the
coupling circuit by a scanner, represented for the purpose
of illustration as a continuously hunting uniselector. The
coupling circuits contain the conversion equipment to
convert Strowger signals to their pulse equivalents and
vice versa.

Fig. 1 also shows the arrangement and nomenclature of
the basic “‘clock” pulses controlling the system. Pulses
p1-p55 are 2-us pulses repeated every 110 ps and the DP
pulses 1-20 are the scanning pulses allotted to the individual
coupling circuits.

PULSE STORAGE

Elementary Principles of Memory Function.

As previously stated, the sequential operation of any
circuit is dependent on its previous history. When,
therefore, during a scanning period a change in the state
of the pulsing relay in the 1st Code Selector is noted, the
information received by the common control must be
compared with the information already circulating in the
delay line and relating to the same call. A simple case will
illustrate this. Suppose that during the time a coupling
circuit is being scanned the pulse wire is found to be
disconnected; then, either the circuit has not been seized,
or it has been seized and the caller has started to dial or is
in process of abandoning the call. The action of the common
control must obviously depend on whether during a previous
scanning period it had detected an earth on the pulse wire.
A method of doing this is shown in Fig. 8 Other methods
of obtaining the required result are available.

Fig. & shows the circulating system to be made up of two
delay lines, DLA and DLB. DLB has a delay equal to
one unit-pulse time, the remainder of the major-cycle time
of 2-2 ms being absorbed in DLA. A pulse injected into
DIA will leave DLB 2:2 ms later (it being assumed that
there are no delays in the connecting circuits).

The pulse wire of a 1Ist
Code Selector using a
particular coupling unit
is connected to a gate G1,
which is scanned by a
pulse,say DP1, once every
cycle. If the pulse wire is
earthed the pulse is gated
through to the two gates COUPLING
B and M in the common UNIT
control. Both of these  -—=----- Sl
gates are operated on by ; .

ulses occurring at time L

gl, but gate B isginhibited 1 (tsrcopE SELR)
so long as Gl gives an )
output. A make condi-
tion of the L relay thus
appears as a pulse condition at the output of M at
time pl at the beginning of its DP pulse. The pulse
enters the circulating system at the input of DLA and
continues to circulate indefinitely. At some subsequent
scanning period the L relay contact will be found to be
normal, and at time pl gate B will no longer be inhibited.
At this time also the original pulse will be emerging from
delay line DLB and the coincidence in gate B of this
pulse with the clock pulse pl will cause a pulse to be
inserted at the input of DLB, so that now there will be
two pulses circulating in adjacent positions in the system.
Alternatively, if the dotted connexion shown in Fig. & be
inserted, the original pulse can be deleted by the closing of
gate G2 by an output from B, in which case a pulse circu-
lating in position 2, but not in position 1, indicates the
reception of a break following a make, whereas in the first
case this condition is indicated by the presence of a pulse
in both positions.

It should be noted that the gates other than Gl are
common to all the coupling units, the stored pulses being
spaced out in time by the DP pulses.

FI1G. 2. —PRINCIPLE OF INFORMATION
RECORDING.

Storage of Digital and Other Information.

The maximum number of items of information that can
be noted by the simple arrangement of Fig.  is four—no
pulses, pulse in position 1, pulse in position 2, or pulses in
both positions. The number of items of information
necessary to simulate the A, B and C relay circuit is six,
and each digit storage will require 11; 10 for the actual
digit, and one to be used in connexion with digit distri-
bution, as will be shown later. To record this information
in the binary form by the presence or absence of pulses
it is convenient to provide a total of four unit-delay elements
similar to DLB and to shorten DLA to correspond.
The complete system may be regarded as being made up
of 220 groups of five pulse positions (Fig. 3), of which each
coupling unit is allotted 11 groups; pulse positions 1-5
dealing with the dial pulsing circuit, 6-10 with the storage
of the A digit, 11-15 with that of the B digit, and so on.
Pulse positions 41-55 are used for translation and sending
purposes.

Fig. 3 also shows the elementary circulating system of
Fig. 2 expanded to include four unit-delay elements DLB,
DLC, DLD, and DLE. Each element is provided with an
output gate, O, and an input gate, I, the input gates being
provided with suppression or inhibiting leads, S, which
can be operated on to prevent any stored pulse from pro-
ceeding further down the line. With this arrangement any
number of up to five pulses can be put in, read, out or
detected simultaneously; that is, the whole of the informa-
tion relating to a storage group can be read, or read and
changed, during the 2-us time of one clock pulse.
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break pulse is therefore indicated by
the presence of circulating pulses in
positions one and two of the group

DLE DLD

2us 2us 2us 2us

oS 1 0s1I 0SsS1 0s1

Principles of the Dial- Pulse-Accepting Circuit: Sequence and
Timing.

In addition to the memory feature previously discussed, a
normal dial-pulse-accepting circuit contains timing elements
to distinguish, for example, the make periods of a dial-pulse
train from the inter-train pause. With sensitive electronic
equipment it is also necessary to distinguish spurious
disconnexions from the true dial breaks. Excluding forced

TaBLE 1
Pulse Positions
Condition of pulsing relay |—0-—
1 2 3
Operated prior to pulsing or
re-operated after unaccepted
break .. .. .. 1 0 0
Released but true break not
yet timed - .. .. 0 1 0
Released and timed as true
break pulse .. .. .. 1 1 0
Operated and inter-train
pause timing started .. 0 0 1
Operated after a true break
pulse.  (Inter-train pause
timing not started) .. .. 1 0 1

release, the conditions may be des-
cribed by an arbitrary 3-unit binary
code, as shown in Table 1.

Timing the Dial Break-Pulse Period.

In Fig. 4, gates B and M operate in
a similar manner to that described with
reference to Fig. 2. Gate B, however,
is connected to two supplementary gates, Bl and B2,
which are used to time the break periods of the L relay
contact. While it is possible to achieve extremely accurate
timing with a system controlled by 2-us clock pulses, a less
accurate method, using the well-known S and Z pulse
system and giving a 2-to-1 range of timings, is probably good
enough; this is the method outlined in Fig. 4.

If at time pl in the relevant DP pulse period the L
contact is normal, gate B passes a pulse to gates Bl and B2,
and B1 will put a pulse into the input of DLB to suppress
the pulse about to enter DLA, providing,

(a) that a pulse due to a previous make of L is detected

at the output of DLB, and

(b) that a break-timing S pulse (BS) is present coin-

cidentally with pulse pl.

If the break condition of the L contact persists until the
break-timing Z pulse (BZ) arrives (say, 11 ms later), then
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I of pulses relating to the particular

coupling unit. Arrangements (not
shown) are made to avoid any dial
break being timed more than once.

Timed dial pulses have to be
stored in some later pulse position
appropriate to the digit that is being
counted. For this reason B2 also
gives an output to a locking trigger,
TG2, which remembers that a true
break pulse has been received. TG2
is, in any event, released before the
next DP pulse arrives.

DLA

21925

Timing the Dial Make-Pulse Period.

On the initial operation of an L relay, gate M passes a pl
pulse to gate M1, which, in turn, injects a pulse into the
input of DLA. At the same time, a trigger, TGI, is operated.
Thereafter, as long as pulses are circulating in positions 1,
2 or 3, M1 cannot re-operate, but two additional pulse gates,
M2 and M3, are provided to accept the output from M.
M2 is used to gate a pulse into position 1 and to delete the
pulse circulating in position 2 should the L contact re-make
before an acceptable break pulse has been timed; i.e., if no
pulse is circulating in position 1, but Bl has put one into
position 2 prior to the operation of B2, M3 operates to put
a pulse into position 3 (input of DLC) only if M operates at
a time when pulses are already circulating in positions 1 and
2; ie., after B2 has operated. M3 deletes the pulse from
position 2.

After a make has been detected following a timed break,
it is necessary to look for an inter-train pause condition.
This also can be measured by an S and Z pulse system by
pulses spaced, say, at 110 ms. Gate M4 opens to delete
the pulse circulating in position 1, provided that pulses are
already circulating in positions 1 and 3 and the inter-train
pause S pulse (ITPS) is present at a time when M is
operated.

On receipt of the inter-train pause Z pulse (ITPZ), gate M5

4
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operates to the pulse in position 3 provided there is no pulse
in position 1. M5 also operates a trigger, TG3, which is
used to control the distribution of the incoming digits.

Incoming Digit Distribution.

Each digit dialled by a caller is allotted a group of five
pulse positions in the delay-line time cycle, the first position
in a group being used as a marker to indicate which storage
group is to be used at any time. The A digit occupies posi-
tions 6-10, the B digit positions 11-15, and so on. The
operation of trigger TGl (Fig. 4 and 5) when the loop is
first detected causes gate DD1 (Fig. 5) to be marked. At
time p6 of the relevant DP period, DD1 opens, and a pulse
is put into DLA to occupy the sixth pulse position of the
series allocated to a particular coupling unit. This pulse
marks the beginning of the A-digit storage group. The out-
put of DD1 also resets TGl. The marking pulse continues
to circulate in position 6 until trigger TG3 is operated to
indicate that the A digit is complete. At the p6 pulse
following the operation of TG3, DD2 is operated by the
pulse circulating in the storage system. DD2 deletes the
pulse circulating in position 6 and, after a slight delay (DL},
re-operates TGl. Meanwhile, TG3 is reset. At time pll
following the re-operation of TG1, DDI1 gates a pulse into
position 11. This pulse continues to circulate until TG3
re-operates after the next inter-train pause has been
detected. This sequence may be repeated
as many times as necessary under the OLE
control of the pulse series connected to
the DD gates.

3
DLB% DLA

A A TGI

p6.1, Mi
DD2 16,€7¢c.

<3

Y

The binary code to be used is given in Table 2.

If the binary numbers are read from left to right as
shown in the table, it will be seen that to add one to any
of them it is necessary to change all the 1’s preceding the
first 0 to 0’s, and to change the first 0 to a 1, the adding
process always finishing with the insertion of a 1.

p78,9,10;
12,13,14\S,ETC.

F1G. 6.—COUNTING-IN BINARY-NOTATION DiaL PuLsEs.—MEeTHOD 1.

Referring to Fig. 6, the digit-distributor circuit described
in the previous section will have caused a pulse to be put
into the circulating system at one only of the positions 6,
11, 16, etc. Gate D1 enables a pulse to operate trigger TG4,
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Digit Storage.

Two alternative methods of counting-in dial pulses in the
binary notation are indicated in Fig. 6 and 7. In Fig. 6
the pulses are fed into the circulating system at a single
point and distributed in binary form by a system of clock
pulses, whereas in Fig. 7 they are fed mnto one or more of
four input positions during the time of one unit pulse.
The choice of method is a matter of convenience, but both
will be described because, with slight modifications, each
can be used either for the storage or the sending of
information.

TABLE 2
Pulse Positions
Digit

7 8 9 10

1 1 0 0 0
2 0 1 0 0
3 1 1 0 0
4 0 0 1 0
5 1 0 1 0
6 0 1 1 0
7 1 1 1 0
8 0 0 0 1
9 1 0 0 1
10 0 1 0 1

Fic 7.—COUNTING-IN BINARY-NOTATION DiAL PULSES.—METHOD 2.

when a circulating pulse appears at the output of DLB
coincidentally with one of the clock pulses in the series p6,
pll, pl6, etc. When a true dial pulse has been timed at
time pl (Fig. 4) TG2 operates and the combined outputs
of TG2 and TG4 mark gate D3 via D2. Thus, assuming that
gate D3 is marked at time p6, then at time p7, D3 will give
an output to D4 and D5. If a pulse is already circulating in
position 7, D5 will operate and suppress the pulse at the
input of DLA. At the same time, D4 is inhibited. Unless
D4 is activated TG2 will not release, so that at the next
pulse time (p8 in this case) D3 will again attempt to
operate D4. Again, if there is a pulse emerging from DLB
at time p8, D5 will operate to inhibit D4; if no pulse is
detected by D5, D4 will put one into DLA and restore TG2
until the next break pulse has been detected by the dial-
pulse-accepting circuit. TG2 is, in any event, reset before
the next DP pulse. TG4 is always reset at the clock time
indicating the end of the storage group in use.

In Fig. 7, gates D1 and D2 and trigger TG2 have the
same functions as the corresponding equipment in Fig. 6.
If D1 detects a circulating pulse at the output of DLB at
time p6 after TG2 has operated, a pulse is applied via D2
to the four gates D6, 7, 8 and 9 at time p6. Pulses
relating to the digit being received may already be circu-
lating in the delay line and may appear simultaneously at
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one or more of the outputs of DLA, DLE, DLD and DLC
at clock time p6. The arrangement of the gates D6-9 is
such that at times p6, 11, 16, etc., depending on which
digit storage is marked, D6 will put a pulse into DLB
unless D7 detects a pulse leaving DLC, in which case D7
inhibits the input to DLB and puts a pulse into DLC.
D8 will put a pulse into DLD only if pulses are about to
enter DLB and DLC; it will also suppress these pulses.
D9 will gate a pulse into DLE and suppress the remainder
only if pulses are about to enter DLB, DLC and DLD
simultaneously.

TRANSLATION

There is a wide choice of types of common translator
which can be used in association with the common director;
several have already been mentioned in the Journal.l.5.
It would appear that, for service in a Strowger network,
particularly for the case in which a translator is not required
until a particular number of code digits has been received,
a static translator operating from a pulse register is to be
preferred. If this method is used the five sets of leads from
the circulating system can be extended to the translator
and the pulse information gated into the latter by clock
pulses. The pulse information can be stored on triggers
used to control switching elements such as rectifiers and
cold cathode tubes to expand the codes to select a particular
code terminal much in the same way that relay contact
“trees” are used. The code terminal can be caused to select
the appropriate translation, which can then be fed into the
appropriate section of the delay line at the correct time by
one of the information storage methods already outlined.

The whole of the translation may be put in during the
time of one DP pulse or read out one digit at a time as
convenient. The second method economizes in delay-line
storage, but involves the translator being called in as
required so that, in this case, the translator will have to
be told which translation to release. In addition to the
question of storage space, the choice of translation method
is affected by the type of components used in the translator.
For example, if cold cathode tubes are used, their long
de-ionization time will prevent the translator being used
more than once every 10 ms, and this will limit the number
of commoned directors having access to a single translator,

SENDING
To illustrate a method of sending Strowger pulses, it is
assumed that the digit to be sent is stored in binary form
in a particular group of four adjacent pulse positions in the
delay line; e.g., positions 47-50. To read out the binary
number, a “‘counting-down” process is employed in which

DLA

Fic. 8.—SENDING STROWGER PULSES.
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one is subtracted from the stored number each time
a Strowger pulse is sent to the coupling unit. Referring to
Table 2, it will be seen that to subtract one from any binary
number, all the 0’s preceding the first 1 (reading from left
to right) must be changed to 1’s, and the first 1 must be
changed to 0. This is, of course, the reverse of the reading-in
process previously described with reference to Fig. 6.
Fig. 8 shows a method of achieving this result.

When a start-send signal is detected, trigger TG5
operates to mark gate S1. To gate Sl is connected a lead,
IS, on which a pulse appears every 100 ms. At time p46
after the operation of TG5, S1 operates to the first IS pulse
it detects and a pulse is caused to enter the circulating
system. This pulse also operates the trigger TG6.

The pulse in position 46 is detected by gate S6 during the
next cycle and gates an operate condition to the outgoing
loop-control trigger, TG7, in the coupling unit. TG7
operates relay P to open the outgoing pulse loop to the
1st Code Selector.

The operation of TG6 marks S3, which opens at pulse
times p47, 48, 49 and 50. If, at time p47, a stored pulse is
detected by S5, the output from S3 is prevented from
passing S4 and the trigger TG6 is restored. S5, however,
deletes the pulse from the circulating system by inhibiting
the input gate to DLA. If no pulse had been detected at
time p47, S3 would have passed a pulse into DLA, in which
case TG6 would not have released until either S5 had
detected a pulse in one of the positions 48-50, or the end of
the cycle had been reached at time p51.

The pulse circulating in position p46 is continuously
applied to gate S6 and through S6 to gate S7. Gate S7 is
also connected to pulse lead 1Z, over which pulses spaced
at 663 ms from the IS pulses appear every 100 ms. The
first of these pulses following the operation of S6 causes S7
to give an output to the coupling unit to reset trigger TG7
and restore the outgoing loop to the 1st Code Selector. S7
also deletes the pulse from the delay line so that the cycle
can be repeated until the stored digit has been completely
erased.

CoMMONING OF LARGER GROUPS

The principles already described can be extended to
cover the case of larger groups either by increasing the length
of the delay lines, by putting several lines in series, or by
using a parallel arrangement of lines. With a parallel
arrangement it is possible to circulate the information
relating to any coupling unit in several lines simultaneousiy;
the choice of method will, in general, depend on whether
delay-line space is to be sacrificed to simplify the gating
elements, and on the number of inputs it is required to scan
in a particular time cycle.

CONCLUSION

The use of high-speed pulse-storage techniques in asso-
ciation with a time-division-multiplex scanning system so
reduces the number of individual components that a
common-control system using these techniques is likely,
when fully developed, to be competitive with any electro-
mechanical storage system, even when comparatively small
numbers of control units such as directors are commoned
together. Because the bulk of the cost will always be in the
pulse generator and the translator, the cost per unit tends
to decrease as the number of commoned circuits increases.
Indeed, this fact may offset the major criticism of common
control devices—that a common fault may be catastrophic
—because, paradoxically, a common-control system of the
type described may, in fact, be cheap enough to be provided
in duplicate, and the principle of one component, one job,
introduced with advantage. The extremely low cost per
unit of storage space enables self-routining features to be
readily introduced into this type of equipment because the






Transatlantic Telephone Cable—The
Overland Cable in Newfoundland
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Part 2.—The Cable-Laying Operations in Newfoundland
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The Transatlantic Telephone Cable is routed overland for a distance of about 60 miles across Newfoundland. Part 1 of this article

described the overland cable and preparations for laying it, up to the stage when the S.S. Teeswood sailed from London to Newfoundland,

on 5th April, 1955, with the cable, vehicles and stores. Part 2 concludes the article by describing the organization of the work in the
field and the actual cable laying, jointing and testing operations in Newfoundland.

FIELD ORGANIZATION

HE contractor’s organization for trenching and
laying the cable was as shown in Fig. 9, and the Post

Office staff had, therefore, to be organized to provide
for supervision of each of the contractor’s sub-divisions of
the work and also to perform the additional work of jointing
and testing and of liaison with the Eastern Telephone and
Telegraph Co. (E.T. & T. Co.) and the Canadian Overseas
Telecommunication Corporation (C.0.T.C.) representatives.

Project Manager

Office Manager Rock and Bog Blasting Cable Gang Pond Gang
Crew
|
Cable Right-of-Way Normal Diggmg Backfll and
Clearing Gang Crew Clean-up Gang

Fic. 9.—CONTRACTOR’S ORGANIZATION.

It was originally intended that the Post Office should
send a party of three work supervisors, three jointers and
three jointer’s assistants to Newfoundland, based on the
contractor’s estimated average rate of cabling (6,000 yd
per week). As progress, week-by-week, would depend on
weather and ground conditions, 1t was expected that there
would be periods in which the contractor’s estimate would
be exceeded, and to ensure effective supervision and prevent
delay to the contractor by cable-jointing operations, the
Post Office overseas staff was increased (from the reserve) to
five work supervisors, five jointers and five jointer’s
assistants. Two officers from the Cable Test Section, Test
and Inspection Branch, E.-in-C.’s Office, who accompanied
the party, were responsible for the photographic X-ray
examination of joints and the electrical tests on completed
lengths of cable.

The Post Office staff were therefore organized as shown
in Fig. 10.

H.Q. Control

Field Construction Engineer

] |
|
Cabling C.O!T.C.

E.T. &T.Co. Jomnting
Liaison Engineer Engmneer Liaison
Officer Officer
Work Supervisor | Work Supervisor | Work Supervisor Testing
{Blasting) {Cabling) {Ponds)
Work Supervisor Work Supervisor
{Trenching) (Back Fill)
Jointing Jomting Jointing X-ray
Party Party Party Testing
Jointing Jomnting
Party Party

Fic. 10.—Post OFrFicE ORGANIZATION.

1The authors are, respectively, Executive Engineer and Assistant
Engineer, External Plant and Protection Branch, E.-in-C.’s Office.
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PREPARATORY WORK IN NEWFOUNDLAND

A small party left England in time to supervise the
unloading in St. Johns of the cable, vehicles and stores from
the S.5. Teeswood. With the assistance of C.0.T.C.s
manager in St. John’s they dealt with customs formalities,
arranged rail transport, temporary accommodation for
the main party and a site for the job store at Goobies.

The Job Store.

Goobies, a small settlement which lies approximately
midway between Clarenville and Swift Current, has a rail-
way siding alongside the road, opposite to which is a suitable
piece of ground large enough to park 20 or more vehicles.
Because of these facilities, Goobies was chosen as a place for
the job store from which to serve working parties over a
large section of the cable route. Two box cars were hired
from the Canadian National Railways, one for use as a store
and the other as an equipment repair workshop, and to
prevent inconvenience and possible damage to the equip-
ment by shunting, a private siding was built to isolate the
cars from the permanent way. There, while the contractor
was assembling his stores and equipment, the Post Office
jointing party, with the help of local labour, built two
portable wooden cable test huts (“Alder House” and
“Leith House”), jointing-tent floorboards, sleighs and field
store boxes in preparation for the work ahead. They also
built a store for diesel oil, paraffin and petrol, a fire-
prevention point and a dump for scrap cable. Later, when
the work had progressed beyond Swift Current, the job
store was moved to a site near Long Pond and housed in
tents provided by the contractor; the box cars and siding
were then given up. It is of interest that, due to the
unfailing efforts of the staff, the job store was the only tent
in the contractor’s camp to survive when the hurricane
“Ione” swept Newfoundland in September, 1955.

Route Reconnaissance.

Although the problems of trenching and cabling had been
discussed at some length during the training period in
London, it was felt that the work supervisors should be
given an opportunity of making a reconnaissance of the
route, to reassess these problems for themselves. With
the cabling engineer, who was a member of the 1954 survey
party, the five work supervisors walked over the 50 miles
of cable route between Adeyton and Terrenceville. During
this reconnaissance a study was made of the survey traverse
under field conditions, the sea-section landing points were
studied in detail and methods of cabling the ponds and
rivers were discussed. With the aid of the route plan the
party surveyed for suitable places of access from the road
to the track for each drum length of cable. A few days later
the jointing parties were taken on a similar reconnaissance
between Adeyton and Goobies and the experience gained
was useful in deciding the method of transporting testing
and jointing equipment into and out of the jointing
positions. Besides giving the staff a thorough knowledge of
the route the reconnaissance was good physical training for
the months of arduous work ahead.





















was 12 degrees below zere) and to prevent any possibility
of damage to the repeater due to the low temperature it
was decided to lay it without delay. Aided by artificial
light from current supplied by the diesel generators the
repeater was loaded on to a sleigh and towed to the edge of
the pit and lowered, in a manner very similar to that
employed for the first repeater. Immediately the repeater
was in position the coffer dam was broken to flood the pit,
and the party returned to Swift Current for a well-earned
rest. The following day the jointers made the tail joints,
and when this work had been completed, the ends were
recovered from the test hut and the final joint in the
Newfoundland section of the T.A.T. cable was made.

CONCLUSIONS
Although the cable-laying contract specified depths of
30 in. in soil and bog and 18 in. in rock, the contractor, by
virtue of the type of digging equipment used, was able to
lay the cable nearer an average depth of 3 ft, resulting in
extra protection of the cable.

In spite of slow progress in the beginning, and ef the
many delays caused by adverse weather and difficult terrain,
the contract was successfully completed by the end of
September. The success of the operation was made possible
by sheer hard work, good will and the determination of all
concerned to see “it” through, come what may. To those
of the Post Office Engineering Department who were
privileged to take part, the Newfoundland cable operation
was a unique experience and they will never forget the
hospitality and friendship shown to them by the
Newfoundland people.
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Book Reviews

“Ultrasonic Engineering.” Allen E. Crawford. Butterworths

Publications, Ltd. 344 pp. 222 ill. 45s.

Ultrasonics is a fairly new subject and one that is diverse
in its applications. In this very practical book the emphasis
is on the applications and effects of ultrasonic waves; in it
information and data are collected together from a wide
range of sources, and the book reflects its author’s close
contact with the subject in his association with Mullard, Ltd.,
on the development and exploitation of high power ultrasonics.

The subject is divided very broadly into three sections; two
chapters on Theory, four on Generation and seven on
Applications. Adequate knowledge by the reader of the
physical theory of acoustics is assumed and the first chapter,
on ultrasonic waves, constitutes a general introduction to the
book. The second chapter is concerned with the interesting
phenomenon called cavitation which is associated with the
passage of an intense sound wave through a liquid; about half
of this chapter is occupied by illustrations of practical results
of cavitation.

The four chapters devoted to transducers and generators,
namely piezoelectric, magnetostriction, jets and whistles and
electromagnetic transducers, are well treated and include
practical and theoretical considerations relative to the design of
ultrasonic transducers.

It is the last seven chapters that demonstrate the wide
range of known and possible applications of ultrasonics. Nor
are all the applications mentioned; an omission which would
be noticed by readers of this Journal is the use of ultrasonic
waves in mercury for storing information in the form of
pulses. Perhaps the applications which are of most direct
interest in telecommunications engineering are those described
in Chapter 11 which deals with methods of soldering.

The book is easily read and well illustrated; it offers to
the non-specialist a reasonably compact account of the
up-to-date position with regard to many of the practical
developments which are taking place in this new field of
engineering. W. W.

“Second Thoughts on Radio Theory.” ‘‘Cathode Ray.”
Iliffe & Sons, Ltd. 509 pp. 266 ill. 25s.

Electrical engineers should feel indebted to ‘“Cathode Ray.”
For many years his articles have appeared regularly in the
Wireless World, to enliven and clarify obscure sections of
radio theory with brisk comments and neatly turned, friendly
phrases.

He has the happy knack of knowing why a problem seems
difficult or abstruse, and then of dissecting and re-assembling
it in some different order that is much easier to understand.
This type of perception is quite rare. It is as valuable a gift
as the analytical ability of a good research worker, but in

contrast to the latter has the advantage that maturity sharpens
its perception and increases its range of accomplishment.

“Cathode Ray”” himself explains his book as follows: ‘I must
make it clear that this is not a complete systematic treatise.
The topics are for the most part elementary; but the more
elementary they are, the more important it is to get clear
ideas on them. Most of the difficulties one has at later stages
arise from lack of these clear ideas. The urge is to hurry over
the basic stuff to get on to something ‘practical.’ One object
of these articles is to help the beginner by putting things
perhaps a little differently, or by going more fully into some of
the points that are often taken asread. Another is to encourage
him to tackle some subjects that seem at first rather forbidding.
But however many years we have been at it, when we turn
back to the things we supposed we knew there is always room
for second thoughts. Are we quite sure about the meaning of
Ohm's Law, for instance? What exactly is resonance? Is
phase necessarily connected with time?”

The 44 short chapters have all appeared in the Wireless
World over the past 20 years and some of them have almost an
historic interest. The range of coverage of these little essays
is considerable—from diagrammatic symbols to Thevenin’s
Theorem. Simple algebra is included where it is obviously
necessary; so are graphs and sketches of circuits. Some
problems are included for more serious readers (answers and
solutions at the end of the book) and a good index has also
been compiled. In fact, this book can be thoroughly recom-
mended. It will not be out of date for a very long time.

C.E.F.
I.P.O.E.E. Library No. 2319.

“Modern Clocks, Their Repair and Maintenance.” T. R.
Robinson, F.B.H.I. N.A.G. Press. 283 pp. 237 ill. 30s.
Interest in machines for the measurement of time has been
sustained since the earliest days of mechanics and each
generation has added one or more refinements to the art and
science of horology. This well-produced book describes all the
latest contributions from the British clock industry, which
has grown enormously in the last 15 years. ‘“Modern Clocks”
is a collection of descriptions, copiously furnished with
detailed illustrations, of modern mass-produced clocks, and is
written especially for the repair trade. Its contents can be
assimilated at once by the expert in “staff pivots, escapements,
arbors, pallets, crutches,”” and the like; however, the novice
need not be daunted, but should consult one of the excellent
horological dictionaries that are available. The devotion and
expert knowledge of the author (in what is his life’s work),
as described in this eminently practical book, evokes nothing
but admiration. The impression left on the reader is that
Mr. Robinson must have spent years in workshops discussing
the knowledge gained by hundreds of repair-shop craftsmen
(Continued on p. 119)
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The correction signal generator is provided in duplicate
and continuous automatic comparison of the outputs is
carried out to detect any time difference greater than 6 ms
or the failure of one of them. In the event of either non-
standard condition arising, the correction signal is auto-
matically disconnected from the line and an alarm operated.

The correction signals are available continuously at the
speaking clock in Melbourne and also at the Melbourne
Trunk Exchange, which is in the same building. Sydney
obtains the signals by direct dialling, normally using one of
two selected trunks. The transmission times of the cor-
rection signals over a number of representative trunk
circuits from Melbourne to Sydney were measured, and it
was found that as long as the choice was restricted to any
one of those on a J 12-channel carrier system, the
difference between channels was negligible. When setting
up the Sydney clock, allowance for this transmission delay
was made by advancing the phase of the pip-track an
appropriate amount relative to the synchronizing track on
disc 3 of the announcing machine.

Correction pulses are switched into the speaking clock
equipment at a pre-set time each day during a silent
period in the correction signal transmission sequence—in
Sydney just before 8.55 a.m. and in Melbourne a few
seconds before 9.55 a.m. Signals derived at 1-sec intervals
from the synchronizing track of the clock are compared
with the correction signals and it is determined whether,
at the instant of comparison of the first pair of pulses, the
clock is slow or fast. If the clock is found to be slow, then
it is advanced by an interval of 1 ms; alternatively, if fast,
it is retarded by the same amount. This correction is per-
formed automatically, and is completed before the next pair
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of pulses arrive for comparison. The 1 ms corrections
continue to be applied at 1-sec intervals, until it is found
that the correction signal and the clock signal differ by less
than 1:5 ms, when the examination ceases until the next
correction check on the following day.

SPEAKING-CLOCK TRAFFIC

The fact that there was already a well-established
“time-of-day’”” service in both Sydney and Melbourne
made more difficult the estimation of the expected increase
of traffic arising from the introduction of the speaking
clocks. Provision was therefore made, by supplying 100
relay sets for Sydney and 50 for Melbourne, to handle a
little over twice the traffic with the speaking clock, com-
pared with the manual service. Such provision proved
adequate except during the first four days of the new
service in Melbourne, when 10 of the relay sets used with
the former manual service were temporarily installed to
help handle the curiosity traffic.

Fig. 8 shows the daily calling rate for the first month of
operation in comparison with typical figures for the manual
system taken just before the speaking clocks were intro-
duced. Apart from the curiosity traffic during the first
week of operation, there has been a permanent increase
in the calling rate compared with the manual service.
Fig. 4 shows the weekly calling rate for both the Sydney
and the Melbourne clocks from the introduction of the new
service until the end of January 1955. The effect of the
general holiday break over the Christmas-New Year period
is clearly seen.

In Table 1, the usage per subscriber of the speaking
clock service in Australia is compared with that in various
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TABLE 1
Comparison of British and Australian Calling Rales for the Speaking
Clock
Number | Number |Number of
Centre of of calls calls per
subscribers | per week subscriber
per week
Sydney 252,526 269,805 11
Melbourne .. .. 220,339 172,687 0-77
London (Holborn and Museum
areas) .. .. 830,378 665,863 0-80
Glasgow. . 71,427 86,192 1-2
Manchester 100,018 102,407 1-0
Sheffield 32,357 31,976 0-99
Birmingham 89,204 71,504 0-80
Edinburgh 55,989 38,886 0-69
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heavy-duty contacts for the time signals were required.
In addition, provision for the multiple distribution of each
type of signal was necessary. Consequently, a unit using
3,000-type relays operated by the anode current of triode
valves was designed to give four outlets of signal type (i),
six of type (ii), 12 of type (iii) and three of type (iv).

The unit also provides the following facilities:—

() Automatic selection of the XNG machine to follow the
associated announcing machine in service; i.e.,
normally XNG machine A in service simultaneously
with clock A.

(0) Manual control to over-ride the automatic selection
of the XNG machine in service. This is provided to
handle possible fault conditions where, for example,
only the combination of announcing machine A and
XNG machine B are available for service.

{¢) Continuous comparison of the one pip/sec outputs of
the two machines. Should the time difference exceed
6 ms, the outputs of both machines are disconnected
from service and an alarm is operated to call the
maintenance technician.

(d) Connexion to both the aural and the visual (C.R.O.)
general monitoring facilities provided, so as to assist
in the phasing of the XNG machines when they are
started up.

The time-signal distribution equipment described above
forms one panel on Rack No. 6 of the speaking-clock

equipment, thus keeping each installation complete in
itself.

The use of time signals, and hence of this new equipment,
may be illustrated by reference to the scope of the service
supplied by the Melbourne equipment, to which there are
at present connected 11 permanent subscribers, including
the Victorian national radio stations, the commercial radio
stations and various Commonwealth and State Government
departments and authorities. This service had, for some
years past, been rendered on behalf of the Commonwealth
Observatory by the Research Laboratories of the P.M.G.’s
Department using pendulum clocks lent by the Observatory.

CONCLUSION

Judging from the period of operation so far, the speaking
clock does all that its designers intended, both in regard to
accuracy and reliability. This achievement is particularly
noteworthy when it is considered that the equipment is the
first production of a basically new design.
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Book Reviews

“Germanium Diodes.” S. D. Boon. Philips Technical
Library, Eindhoven, Holland. 85 pp. 72 ill. 9s. 6d.

This little book will appeal chiefly to the radio and television
receiver enthusiast, who will find in its first 32 pages a concise
introduction to the principles of conduction in semi-conductors
and of rectification at a p-n junction, together with an outline
of the method of manufacture of germanium point-contact
diodes and of their advantages and disadvantages compared
with thermionic diodes. The next 20 pages are reproductions
of data sheets and curves for five main types of diode made
by the author’s company. There follows a compendium (in
16 pages) of 27 circuits, which make use of one or other of the
diode types, the more interesting applications including an
a.c. voltmeter for the 25 c/s—6 Mc/s frequency range with a
sensitivity of 10,000 ohms/volt, a video demodulator, and an
f.m. ratio-detector.

An appendix gives maker’s data and curves for three types
of diode (evidently still of the point-contact type) employing
mono-crystalline germanium and having higher power and
voltage ratings and closer tolerances than the types detailed
in the body of the text (which are presumably made with poly-
crystalline germanium, though this is not stated). The last of
the three types is described as a computer diode and its
specification includes figures for the reverse current at
“recovery times’ of 0-4 and 3-5 us, details of the relevant test
circuit being given. Some explanation of the effects of ‘“hole-
storage” on the reverse-current transient résponse could well
have been included earlier in the text, to clarify the need for
such a test for diodes that are to be used in fast-switching
circuits.

In spite of its title, the book contains no mention of the
manufacture, properties or applications of large-area junction
diodes, which are now showing such promising characteristics
that they may supersede most other types of rectifier in many
power applications.

F.E R

“Electrical Measurements and Measuring Instruments.”
E. W. Golding, M.Sc. Tech.,, M.LEE., Mem. A LE.E.
Pitman, London. 913 pp. 550 ill. 40s.

Mr. Golding’s book, in the well-known Pitman’s Engineering
Degree Series, was first published in 1933 and soon acquired
a considerable reputation with students, who appreciated its
thorough treatment of theory and practice, the large number
of examination questions (with answers) and the extensive
bibliographies concluding each chapter. Evidence of its
continued popularity is found in the need for a 4th edition,
which has now been met.

The basic material remains largely unchanged, the first
section covering, in essence, the measurement of resistance,
inductance, capacitance, magnetic quantities, illumination
and temperature, together with the determination of wave-
forms and consideration of transient phenomena. The remain-
ing chapters are devoted primarily to a detailed description
of the principles and construction of instruments used for the
measurement of current, voltage, power and energy.

Although the general arrangement of the book remains
unchanged, 15 years have elapsed since the third -edition
appeared and a good deal of revision has been necessary.
Thus, descriptions of many newly-developed instruments are
now included and a new chapter (35 pp.) has been added to
cover the fundamentals of electronics and electronic measuring
devices. Modifications and extensions to the text have also
been made as a result of recent developments in illumination
engineering, high-voltage measurements and cathode-ray
oscillography. Another important change is the more detailed
consideration of m.k.s. rationalized units; in this matter the
author rightly views the present period as transitional between
the c.g.s. and mk.s. systems and, in general, carries both
systems through the relevant text as an aid to the
student. Finally, all symbols and nomenclature have now been
brought into line with the latest recommendations of the
responsible bodies.

As with previous editions, the book can be unreservedly
recommended to students and will be found a valuable
reference work for the practising engineer, particularly if
engaged in the power field. G. E. S
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An Experimental Ringing Circuit
for Electronic Exchanges

U.D.C. 621.395.632.11:621.395.34:621.318.57

R. C. BARKERY}

Ringing signals of sufficient power to operate, directly, a magneto bell in a subscriber’s telephone connected to an electronic exchange

cannot be passed through electronic switches of economic design, and a convertor is required after the switches.

This article describes an

alternative method of calling the subscriber by applying a low-level audio signal to line to operate a traunsister switch in the subscriber’s
instrument and so operate the bell by direct current from the exchange battery.

INTRODUCTION

HE present system of calling the attention of a
telephone subscriber is only one of several possible

methods. The advantages of the magneto bell are
that it is cheap, requires little maintenance and, if required,
a number of bells can be fitted at points remote from
the instrument and extra loud or quiet signals can be
provided. Differently-toned gongs can be fitted to the
bells of adjacent instruments so that they can be dis-
tinguished, and visual indicators can be provided if required.
The frequency of the ringing signal (17 or 25 c¢/s) is low
enough to prevent serious crosstalk at the high level
transmitted (70-100V).

One of the problems of providing ringing at an electronic
exchange is that sufficient power to ring the magneto bell
cannot be passed through an electronic switch of economic
design, and a convertor is required after the switches.
One ringing circuit uses a cold-cathode tube as the
convertor!; a ringing control signal of 2-5 kc/s is passed
at a low level through the switches and applied to the
trigger of a cold-cathode tube. The 17-¢/s ringing generator
is connected to the anode of the tube through one winding
of a hybrid transformer. The 2-5-kc/s tone causes the
tube to conduct, and thus a 17-c/s signal is sent
from the secondary winding of the transformer to the
subscriber’s line. This method is costly as it requires a
17-¢/s transformer for each line, but by using a hybrid
transformer a signal can be obtained to check that ringing
current is, in fact, being sent out.

CHOICE OF TRANSDUCER

If the Jow-level audio signal sent through the switches to
ring the line can operate the calling device directly, then
conversion at the exchange becomes unnecessary and the
exchange equipment is simplified. One possible method of
calling is to use a receiver (either the one already provided
or an additional one) as the transducer, together with a
transistor amplifier. Tests with a receiver type 2P showed

tExecutive Engineer, Post Office Research Station.

1ScoweN, F. A Small Experimental Electronic Automatic
Telephone Exchange, Part 3. P.O.E.E.J. Vol. 47, p. 138, Oct. 1954.

j

that a reasonably penetrating signal could be obtained in
this manner, using a 1,500-c/s tone interrupted at 20 c/s.
A high level of output of the receiver presents a danger
of injury to a listener’s hearing if he has the receiver to his
ear at the time, and this cannot be prevented by use of
switch-hook contacts as the receiver can be placed to the
ear whilst the switch-hook is depressed manually. Hence
a separate receiver or possibly a loudspeaker type of trans-
ducer is necessary, and this solution is visualized as being
satisfactory in many situations where a loud calling signal
is not essential. There are circumstances in which a bell
is preferable, and for P.B.X. exchange lines an audible
signal is inappropriate and a mechanical indicator is much
to be preferred.

For subscribers having a mains supply, ringing power
can be derived from a mains-operated unit, but then sub-
scribers cannot be rung during periods of mains failure
(not uncommon in some rural areas). Local batteries are
not subject to this disadvantage, but they require
additional maintenance. All these facts being considered,
the following method of operating a magneto bell or
indicator at the subscriber’s station has been devised.

PRINCIPLE OF OPERATION

The ringing signal consists of an audio signal switched
on and off at the ringing frequency (25 c/s) and interrupted
at the standard interruption periods (0-4 sec on, 0-2 sec off,
then 0-4 sec on, followed by 2 sec off). The audio signal is
sent over the line at low level and received by a series reso-
nant circuit, and is then rectified and smoothed. The
resultant d.c. is applied to a junction-type transistor,
causing it to conduct where it was previously non-con-
ducting. When the audio signal is disconnected the
transistor reverts to the non-conducting condition. The
transistor thus acts as a switch operated at 25 ¢/s, enabling
d.c. from the exchange battery to be used to ring a magneto
bell.

Circult DESCRIPTION

Fig. 1 shows the circuit of a telephone No. 332 suitably
modified for calling by means of an audio-frequency signal,
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the additional equipment being enclosed within the dotted
line. The telephone is connected via a line to a transmission
bridge at an electronic exchange. Before the ringing signal
is applied, the transistor VT is in a cut-off condition because
the emitter and base are at the same potential. The line
current is limited to the leakage current of the transistor,
amounting to a few microamps. The potential drop across
the line and resistor R1 is negligible, so capacitor C1 charges
to the potential of the exchange battery. The primary
winding of transformer T2 and capacitor C2 are tuned to
the frequency of the audio component of the ringing signal,
and when the audio tone is applied to the line the tuned
circuit resonates and an amplified signal appears across the
primary winding of T2. The resulting signalin the secondary
circuit is rectified and smoothed by rectifier MR and
capacitor C3, making the base of the transistor negative
with respect to the emitter. The transistor conducts, and
the capacitor C1 discharges through the bell coils and the
transistor. Because the line current also passes through the
transistor and resistor R1 when the transistor is conducting,
the transistor must be capable of withstanding the line
current as well as the discharge current of capacitor C1.
The audio signal is switched at the ringing frequency (for
instance, 25 c/s), so after a short period (20 ms) the audio
signal is removed. C3 discharges through the reverse
resistance of MR, so that the potential difference between
the base and emitter of the transistor reduces to zero and
the transistor returns to its high resistance state. The
capacitor C1 is now recha ‘ged to the line potential through
resistor R1, and the bell coils are energized in the opposite
direction. After a further period of 20 ms the audio signal
is re-applied and the transistor conducts again, repeating
the cycle. This alternate discharging and charging of C1
through the bell coils causes the bell to ring.

At the time that the circuit was devised, transistors
capable of withstanding a potential of 50V between emitter
and collector were not available. The tests were made on
an experimental ringing circuit, as described, using a 40V
supply. Transistors were selected to have a low leakage
current at this voltage with emitter and base short-circuited.
To provide a satisfactory ring over a 1000-ohm subscriber’s
line, using a ringing signal of 3 ke/s, required a maximum
level of 1 mW into 600 ohms with 64 1b cable and +1-5 dB
relative to 1 mW with 10-Ib cable. Lower sending levels
were possible with the majority of the transistors used and
crosstalk should not therefore be serious.

Subscribers’ telephone sets with transistor amplifiers are
possible in the future, together with exchange batteries of
voltage much lower than 50V. In this event more-sensitive
bells would be required by the method described in this
article, but exchange indicators would operate with low
voltage supplies.

Effect of Ringing Circuit on Speech Transmission.‘

Telephone transmission articulation tests using a tele-
phone No. 332, modified as shown in Fig. 1, with the ringing
control circuit tuned to 3 kc/s show a reduction of the line
planning limit of about 12 per cent for 64-1b cable. Switch-
hook contacts can be used, however, either to disconnect
the ringing control circuit or to short-circuit the primary
winding of the transformer T2. The effect of the ringing
circuit on speech transmission is then negligible.

Shared Service.

It is possible to provide separate ringing on shared-
service lines by using different ringing-signal frequencies
(for instance, 2 kc/s and 3 ke/s) for each of the subscribers.
During speech the ringing circuit of the instrument of the
subscriber not engaged on a call will be across the line and
with the circuit described a small reduction of the speech
transmission performance will result.

There is also the possibility that the subscriber making
the call may whistle or talk loudly on the line, causing the
transistor of the other subscriber’s ringing circuit to conduct
momentarily but, as the line is looped, there will be
insufficient d.c. potential to cause the bell to tinkle.

Bell tinkling due to the other subscriber dialling can be
prevented by connecting a thermistor type 1AN in series
with the bell, in accordance with present practice on shared-
service instruments.

ADVANTAGES AND DISADVANTAGES

The suggested method solves the problem of calling
a subscriber with a low-level audio ringing signal which can
be passed through the switches and audio line transformers
of an electronic exchange. It retains the advantages of the
magneto bell as the calling device and extension bells can
be connected in series. As the power for actually ringing
the bell is derived from the exchange battery no separate
ringing supply is required. Because the circuit is frequency
sensitive, little interference should be obtained from line
noise and separate ringing signals can be provided for
shared-service lines. Additional components are required
at the subscribers’ premises, but this is not serious if a
comparable saving of equipment at the exchange results;
the additional components are small and can be accommo-
dated in the telephone instrument. A similar arrangement
permits the operation of indicators on P.B.X. lines. Since
the effect of the transistor is to open and close the line at
the ringing frequency, which is equivalent to very rapid
flashing by the subscriber, it serves as a signal that the bell
or indicator is in fact being supplied with ringing current.

Book Review

‘“Vacuum Valves in Pulse Techniques.” P. A. Neeteson.
Philips Technical Library. VIII 4 170 pp. 147 ill. 27s.
The author recognises in the preface that, although
thermionic valves have been increasingly used as switches,
analytical treatments of the circuits used have been scanty
and rarely applied. He has therefore set himself two tasks,
to present a treatment of the valve as a switching element
and to follow it with a study of the multivibrator in its three
forms, bistable, monostable and astable. There can be little
doubt that he succeeds in his aims, but, because he does so
using basic methods well known for many years, one wishes
he had tried much earlier.
The first four chapters are short and introductory; the fifth
briefly states some elements of the operational calculus. The

first task is then undertaken systematically. The effect of
grid current and input capacitance on the waveforms obtained
in grid circuits during switching is followed by that of anode
impedance and load on those in anode circuits. The seventh
and last chapter, as long as the other six put together, treats
the three types of multivibrator thoroughly; expressions are
derived for the waveforms at various points in the circuits
and, numerically computed for typical examples, are compared
with practice. Everyone who wants to understand multi-
vibrators fully, or to get the utmost out of them, must read
this chapter.

The title of the book is not as appropriate as it might be,
failing to stress the approach used and the attention given to
the multivibrator; here and there in the book the wording
leaves something to be desired. But no one need be deterred.

J.R.T.

125



‘““Mosaic”’—An Electronic Digital

Computer

Part 4.—Circuitry
U.D.C. 518.5:681.142

A. W. M. COOMBS, ph.D., BSc, ART.C.T

The first three parts of this article have described the essentials of ‘“Mosaic,”” considered purely as a computer. In this final part, the
engineering problem is discussed. Necessarily, the exposition is somewhat sketchy, but at least the broad principles are indicated,
including particularly those of Mosaic’s novel synchronizing system. The Function Box circuit is used to illustrate the argument.

INTRODUCTION

OSAIC is a very large machine, and it would be
neither useful nor desirable to describe here its

circuitry in minute detail. Nor is it necessary;
the technique of design was such that logical symbolic
diagrams could for the most part be translated directly
into circuits using standard conversion methods—that is
to say, the triggers, gates, peaking circuits, etc., are of
precisely the same form throughout the machine. Logical
diagrams are therefore sufficient to indicate the working
of the machine, both in theory and in practice, and in
particular, the Function Box typifies so well the electronic
and logical system employed that it will be used as a
reference circuit in the description that follows. It is hoped
that the art of electronic circuit building, at least as
interpreted by Mosaic, will thereby be made clear. The
logical symbolism is described in the Appendix, and the
more important standard unit circuits that the symbols
represent are given in the article.

It was apparent from the outset that so large, so fast,
and so novel a machine as Mosaic must be based on very
sound engineering methods if it were ever to work. As a
result, certain basic design principles were laid down, and
have proved very successful; unforeseen complications did
in fact occur, but all proved capable of solution in terms of
the basic concepts. Standardization of all basic circuits, as
mentioned above, was one such principle; another was the
use of totally enclosed circuits, coaxial interconnecting
cables and fully screened and filtered h.t. supplies as a
protection against mains-borne or radiated interference.
The need for such elaborate protection against false signals
arises out of the fundamental digital computer characteristic,
that every single binary digit has a meaning or a value,
and is not less likely to be distorted or destroyed if its value
is great or its meaning highly significant-—that is, there is
no correlation between intrinsic significance and stability.
In terms of communication theory, we may say that there
is no redundancy, and therefore there must be no equivoca-
tion. The resulting constructional form is illustrated in
Fig. 7 (Part 2); here, interest will be more in the circuit
principles, particularly in the policy on the use of valves,
and in the signal re-shaping and re-synchronizing technique.

THE USE OF VALVES

A large electronic machine may be regarded as comprising
a complex maze of unidirectional ‘“Paths” along which
signals may be transmitted, the routes of the signals
through the maze being decided by the action of “Gates,”
or groups of gates, at the interconnecting points of the
paths. By and large, the design problem can be reduced to
that of finding the most efficient and reliable gating circuits,
particularly those which domnot interfere with the uni-
directional properties of the paths. Gates—and, indeed,
switches of all kinds—can be made in two different ways.
Either the number of valves* may be large and the cir-
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*Mosaic was designed before transistors were available in quantity
and quality. It is probable, however, that the arguments adduced
here in favour of valves apply with equal force—mutatis mutandis
—to transistors.
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cuitry simple, or the number of valves may be kept to a
minimum at the expense of increased complexity in the
circuits. There is a school of thought which regards the
valve as the weakest link in an electronic machine—as a
short-lived and unreliable structure, to be used sparingly.
Such a philosophy favours the second of the above alterna-
tives, and leads to circuits in which, for instance, a single
valve may be one of a trigger pair and at the same time
required to give output power, two working conditions
which may ideally demand quite different valve charac-
teristics; or, perhaps, a single electrode may be required to
accept signals from several different sources, with an
enhanced danger of interaction between the feeding circuits.

The designers of Mosaic took the directly opposite view-
point, that circuit troubles were likely to be much more
difficult to deal with than valve troubles, and that the
complex circuit was therefore the real danger. If a valve be
defective, it generally shows a steady fault condition which
can readily be traced, and the valve as readily replaced.
Complex gate circuits, on the other hand, usually owe their
complexity to interconnexion by means of components such
as resistors, and failure is due to drifting of these compo-
nents outside tolerance limits. The fault is then inter-
mittent, giving a troublesome condition known as “pattern
sensitivity,” wherein an apparently safe circuit fails
sporadically due to rare combinations of signals existing
ephemerally on other circuits. Such faults are hard to
locate, and even harder to eradicate. Valves, by “buffering”
and ‘‘segregation” (by connexion of different paths to
different electrodes), can effectively isolate separate circuits
and avoid the danger of interaction; it would appear to be
good policy to use them for the purpose, which means
using them in profusion.

This is all well and good, but the whole argument breaks
down if valves are really unreliable components; a machine
with very safe circuits is still useless if it can never work
more than a few minutes without a valve failure. The
policy of valve multiplication must be accompanied by
special precautionary measures. Thus, in Mosaic, the
standard valve for general purposes is the CV138 miniature
pentode, which has probably been the subject of more re-
search to make it reliable than any other valve, and its
characteristics are therefore well known. About 5,000 of
the 7,000 valves in the machine are CV138. Then, action
to anticipate the three known major causes of failure was
taken, as described below:

(a) Catastrophic Failure—This is associated with
mechanical defects, and particularly with broken heaters.
It is likely to occur, if at all, in the first 1,000 hours of a
valve’s life. The remedy was preliminary ageing (to show
up potential mechanical faults) and, after that, great care in
handling. For instance, withdrawal of valves for general
routine testing was forbidden; ‘“leave well alone” was to
be the rule. Further, it was arranged that heater voltage
was applied and withdrawn slowly, over a full minute,
under motor control; sudden surges of current and violent
temperature changes are likely to cause rupture at weak
spots in the wire. Catastrophic failure was virtually
eliminated by these precautions.

(b) Interface Growth.—After about 10,000 hours’ life, a



resistive interface will sometimes develop between the
cathode core and active matrix in conventional valves,
and by automatic-bias action reduce the effective mutual
conductance, and therefore the anode current for the
same grid bias. The CV138 is at present subject to the
phenomenon, but rarely shows more than 70 ohms resistance;
the normal load current in Mosaic is 12 mA, so the cathode
may rise by about 0-8V above its nominal level. The effect
would thus be swamped by arranging the positive grid
swings to reach +1V nominal at least, and this technique
was adopted.

(¢) Cathode Poisoning.—During the working life of a
valve, the active material on the cathode may be gradually
neutralized by residual gas which has escaped contact
with the getter, and the result is a fall of mutual con-
ductance. Susceptibility to this form of failure depends
very much on the efficiency of the original vacuum-pumping,
and particularly on the effectiveness of the gettering
process. Valves have been known to fail at an age as low
as 3,000 hours, or as high as 60,000. Remedial measures
here were the use of the CV138 (which was known to be the
subject of intensive research, and therefore likely to
improve in the future), and circuit designs using only
about two-thirds of the theoretical anode current. A test
is available (the 3G test) which can indicate whether a
given valve is likely to fail early due to gas poisoning; if
failure of this type later becomes prevalent, it may be
desirable to replace the valves in the machine with units
that have successfully passed the test, but as yet such
action has not been necessary.

SWITCHING AND SYNCHRONIZING

In a large high-speed machine, the time delay suffered
by signals in transit from one part of the machine to
another may be an appreciable fraction of the signal
duration itself. Such delays, for a signal traversing many
paths in succession, would be cumulative, and could result
in a pair of nominally synchronous signals, which have
travelled by different routes, eventually failing to act to-
gether when applied at some ultimate combining gate.
The delay for a path in Mosaic may amount to one-fifth of
the signal period, and the effect is made worse by deteriora-
tion of the signal shape in transit. The problem is clearly a
real one; it is solved in Mosaic by a system known as
“K-pulse switching,” the guiding principle of which is that
all signals are to be re-shaped and re-synchronized after
each and every transit of an interconnecting cable, and
after each and every composite switching stage. In this
way, no signal is ever allowed to deteriorate in shape beyond
a certain point, and the inevitable transit delays, instead
of being random, are constrained to proceed in an orderly
and predictable manner. The technique will now be
described, using Fig. 13 to illustrate the argument.

The fundamental clock frequency of Mosaic is 571 kc/s,
so that the spacing between consecutive signals—the
signal period—is 1-75 micro-seconds; this period will be
referred to as T. Three separate and staggered trains of
synchronizing pulses are provided at all points of the
machine; they are called the K1, K2 and K3 trains
respectively, and each has a pulse period T, but K2 is
3T later than Kl and K3 is 1T later than K2. The ideal
signal pulse is 7 in length, starting and finishing with
K pulses—thus, “K1 to K3,” “K2 to Kl1,”or “K3 to
K2.” The progress of a signal pulse X, originally
timed K1 to K3, as it passes through consecutive switching
stages or long interconnecting cables (being perhaps
combined with other signals at the.switching stages), is
indicated in the timing diagram, Fig. 18, and the essential
K-pulse switches are shown in logical form in Fig. 14.
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Fia. 14.—LocicarL K-PULSE SWITCHES.

The most important point to observe is that all signals
applied to any one switch must be extant between the same
two K pulses. If one of a group of signals has a late nominal
timing (say, K3 to K2, where the others are K2 to K1),
then the rest of the group must be separately delayed before
combination with the exceptional signal; this can be done
either by subjecting them to a prior K-pulse stage (since
each such stage introduces a delay of {T") or by passing
them through a delay network of the requisite size. It is a
matter of convenience which method is used. A second
point is that the timing of any one signal changes sys-
tematically as the signal passes through the machine; it is
convenient to define standard or “synchronous” timing as
that possessed by signal pulses which are about to be
inserted into the delay lines of the main store, and to refer
to all other appearances of the signals as “early” or “late”
relative to this. Both the above points may be brought out
clearly by consideration of the ‘“Function Box” system,
as will now be shown.

Function Box System.

A signal in transit from the receiving end of a storage line,
through the function box and back to the sending end of the
same or any other line, has to follow the route shown in
Fig. 15. It will be seen (as was observed in Part 3(a),
“The Highways”) that the function box forms an alterna-
tive path to any re-circulation unit in the entire store.
Given that the timing of signals entering a delay line is
K1 to K3, and by definition “synchronous,” it follows that
the timing in other parts of the circuit must be as shown
in Fig. 15. The extra delay incorporated in the re-circulation
unit to compensate for the transit and switching delays in
the parallel path through the function box is 27"; other
points worthy of note are that the timing of “Destination
Highway” pulses is “K3 to K2, early,” and of “‘Source
Highway’’ pulses is “K1 to K3, early.” Further, the timing
of signals emerging from a delay line is to be “K3 to K2,
extra early,” which means that the lines are to be not
640 but 638% pulse lengths long (38% for short lines); the
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total re-circulation time including that of the re-circulation
unit is still, of course, 640 pulse periods.

The theoretical simplicity of the K-pulse technique
makes the synthesis of elaborate switching schemes very
easy, but its effectiveness in practice is governed by the
fundamental assumption that the K-pulses of any one
train are absolutely synchronous at all points of the machine,
and that the three trains are genuinely staggered by one-
third of a pulse period. Any obvious way of distributing
the pulses, however, would itself insert variable relative
delays, and thus destroy the required synchronism. The
distribution problem will now be discussed.

It is arranged that the K-pulses are generated locally by
peaking circuits on each and every panel of the machine,
the peaking circuits themselves being driven by distributed
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F1c. 16.—K-PuULsE PEAKING CIRCUIT.

128

sinusoids at master-clock frequency. The pulses occur at
the negative-to-positive change-over points of the con-
trolling sinusoids, are negative, and of an amplitude pro-
portional to the load current of the peaking valve. The
circuit is illustrated in Fig. 16; sudden application of the
load current ‘‘rings” a resonant circuit consisting of an
inductance with stray capacitance, but a rectifier suppresses
all except the first negative peak of the resulting oscillation.
To provide the three staggered K-pulse trains, three
sinusoids in exact three-phase relation are used. The
synchronization problem therefore becomes that of pro-
viding, for each K-pulse train, a sinusoidal voltage which
shall be distributed around the machine and yet be exactly
in phase at all panels.

The only form of electrical signal with anything like this
property is a standing wave; along such a wave, the voltages
are either exactly in phase or 180° out-of-phase, but the
amplitude of the voltage swings varies according to a sine
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F16. 17.—STANDING WAVE ON OPEN-CIRCUITED CABLE.

law along the length of the cable. Fig. 17 illustrates a
standing wave on an open-circuited cable of length
“m + 6, electrical radians, 8§, lying between 0 and =/2
radians. That is, the cable would introduce a phase shift
of “w + 0, radians between the transmitting and the
receiving ends, were it not for reflections from the open-
circuited receiving end. If such a cable were to be used for
a K-pulse main, then it is true that along the first 26,
radians the voltages would be in phase and of amplitude at
least as great as that applied at the transmit end; for the
rest of the cable, however, the voltage would be too small,
or in reverse phase, or both. However, there is a very easy
way to compensate for both unwanted effects at the same
time.

Imagine a cable of characteristic impedance Z,, and of
length 26, radians at the frequency desired. Further, let
the cable for the moment be assumed distortionless (no
dissipation). Ifsuch a cable be terminated with an inductive
impedance of magnitude jZ, cot 6,, and a voltage be applied
at the transmit end, then a standing wave having the form
shown in Fig. 18 will be set up in it, and the impedance
presented to the voltage source will be capacitive, and of
magnitude — jZ,cot8,. A second inductor, of imped-
ance 47 Z,cof , connected to earth at this point will
transform the whole network into an impedance of j Z, cof 6,
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Fi1G. 18.—STANDING WAVE ON TERMINATED CABLE.
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which can therefore be used to terminate a similar section,
and so on; a composite cable of any length can be set up in
this way, as shown in Fig. 19, giving a standing wave of
absolutely constant phase and of any desired constancy of
voltage (the smaller 8, the more uniform the voltage).
The impedance j Z, cot §, at the transmit end is inserted
to make the effective impedance of the composite cable
very high.

The effect of dissipation is to reduce the total overall
length of cable which can be so made up, for the standing
wave phenomenon exists by virtue of equality between the
transmitted and reflected waves; dissipation destroys the
equality. In Mosaic, the total length of cable required was
about 4x/3 radians (200 yd), and this was conveniently
obtained with two composite cables, each of two sections,
w/3 radians per section, joined at the far end to make a
ring main, as shown in Fig. 20. For this case, 2 §, = =/3,
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Fic. 20.—Mosaic’s Rine MAIN.

so cos §, = 4/3/2; thus the voltage variation along the main
was from V sin wt to (2/4/3) V sin wt, or about 15 per cent.
That was quite satisfactory for the job of operating the
peaking circuits.

There is a curious analogy between the properties of a
standing wave in an uncompensated ring main, and those
of an electron in a permitted orbit. An electron can remain
in such an orbit, neither emitting nor absorbing energy,
but only those orbits are permitted in which the wave-
length of the electron, as given by its angular momentum,
is an integral sub-multiple of the orbit circumference. A
ring main can maintain a standing wave without taking
current from the supply point, but only at those frequencies
with a wave-length that is an integral sub-multiple of the
ring-main circumference. An electron may jump from one
permitted orbit to another, and will absorb or emit energy
in so doing; the standing-wave frequency can be changed
from one permitted value to another, but current (albeit
reactive current) will be taken from the supply point during
the transition.

Tre Uxit CIRCUITS

The circuit units most in evidence in Mosaic are the
”binary triggers” for re-shaping and re-synchronizing, and
the “gates” for combining. The description here will be
confined to these two. Both illustrate the adopted principle
of keeping circuits simple and paths segregated, even
though the number of valves may thereby be increased. For
reasons both of circuit convenience and economy of current,
which will not be elaborated, the signal polarity convention
is Negative “oN,” Earth or slightly positive, “‘OFF.”

The Binary Trigger.

The standard Mosaic trigger uses a pair of symmetrically
cross-connected pentode valves (CV138), as shown in
Fig. 21. Switching is carried out on the suppressor grids,
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Fic. 21.—BINARY TRIGGER.

usually by a gated K-pulse “oN" and a simple K-pulse
“oFF,” and the output is obtained from a buffer valve
chosen to suit the circuit conditions. Most important are
the cross-feed capacitors (33 pico-farads) and the clamping
germanium diodes MR; the capacitors improve the high-
speed response of the trigger, but without the diodes would
lead to a deterioration of the “resolving” or ‘“‘settling-
down” period, which would be governed by their circuit
time-constants. The diodes limit the negative excursions
of the grids (to just below valve cut-off) and grid current
limits the positive excursions; the cross-feed capacitors then
discharge or charge to their correct voltages as soon as
switching is complete. Further, the diodes ensure that
the non-conducting valve is never biased far below cut-off,
and this makes the circuit behave as a true trigger—that
is, the switching pulses need only ¢nitiate a change of state,
they need not complete it. A 20V suppressor pulse is
sufficient for the trigger of Fig. 21.

The Gates.

The generalized gate circuit is a logical unit, as described
in the Appendix, in which out of X inputs at least N have
to be activated before an output is provided. Two special
forms of the general gate are the “AND’’ gate (N = X) and
the “oRr” gate (N = 1), and in practice it is preferable that
all gates should be of “AND” or “OR” type. The reason for
this is that the general gate that is neither “AND” nor
“orR” almost inevitably involves multiple potentiometer
networks, which reduce the effective signal voltage (and
in a high-speed machine there is none to spare), draw
current from the signal sources, cause a measure of inter-
action between the feeding paths, and must depend on the
stability of inherently unstable resistors; ‘““AND” gates and

OR”’ gates can be devised which are free of such undesirable
characteristics. Fortunately, it is always possible to
change a general gate into a composite system of “AND”
and “oR’ gates alone. It may be observed in this connexion
that the gate “A, inhibited by B,” may be equivalently
described as “A AND (NoT B)”; that is, it is essentially
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an “AND” gate with the two controlling signals “A” on the
one hand, and “NoT B”’ (the phase reverse of B) on the other.

Mosaic, with its convention of negative polarity signals,
uses three standard gates, two of “AND’ type and one of
“or.” The normal “AND” gate is a set of cathode followers
with a common cathode load, and the normal “orR” gate is
a set of diodes with a common anode load, both types being
illustrated in Fig. 22. The diode gate is the less satisfactory
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F1G. 283.—TRIGGER-SWITCHING ‘‘AND”’ GATE.

of the two, for it throws a load on the sources
of the signals; however, it produces no
diminution of signal voltage and does not A_
rely on close tolerance parameters. The
second type of “AND” gate is associated
solely with trigger-switching. It has been
observed that each composite switching stage
(and each long inter-connecting cable) is to be

+200V

A (k2+KI) K3

B(K2 >KI ourPyT

+200V

followed by re-synchronization; as may be seen from
Fig. 14, this means that whatever the law of combination
in the composite system may be, the last stage will be an
“AND” gate including a K-pulse input, the output being
required as a suppressor grid pulse (20 to 30V, negative).
The special gate used in the machine for this purpose is
shown in Fig. 23, for the case “A AND B AND A K-PULSE.”
It is a set of valves with anodes commoned, followed by an
amplifier of good high-frequency response; all the gate
valves must be cut off before the amplifier can operate,
and the output (if it exists at all) will therefore be an
amplified version of the shortest input signal, the syn-
chronizing K-pulse.

As an illustration of the whole foregoing discussion on
synchronizing, triggering and gating, there will be indicated
through the various stages of logical, modified logical and
practical design, a circuit having the following character-
isticsi—

“Three signals A, B and C, timed ‘K2 to K1’ are to be
combined on a ‘2 out of 3’ basis, and the output appro-
priately re-synchronized.”

This is, in fact, part of the Function Box “Carry”
circuit; the signals A and B are digits of the two numbers
being added, and C is a digit carried over from the previous
addition. If the sum of A, B and C is at least 2, a carry
digit is required for the next addition.

The straightforward logical circuit contains a general
gate which is neither “AND” nor “or” (Fig. 24), and this
must be modified into a composite gate system (Fig. 25).
The synchronizing pulse in each case is a K3-pulse, with a
K2-pulse to restore the re-shaped signal. Note that an
output timed “K3 to K2” is provided if any two or all three
of the signals A, B and C exist simultaneously with a
K3-pulse.

Translation into practical circuitry using the standard
gates and trigger is purely rule-of-thumb (Fig. 26). With
the output circuit shown, a CV138 buffer valve would give
a signal 2-5V positive to 11V negative, which would be
ample for most purposes.

(x3+k2)

c(x2+=xi) K2
Fig. 24.—LocgicaL “CARRY’’ CIRCUIT.

Fic. 25.—MobiFiED LogicaLl “CArrY’’ CIRCUIT.
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THE FunctioNn Box Circult

As a final example of circuit synthesis on the Mosaic plan,
a rather simplified version of the Function Box will be
considered. The simplification will consist in this, that
the circuit will be capable of single-length (40-digit) addition
and the three types of logical comparison only, and it is
adopted here because space is limited. It will further be
assumed that the “Function” digits of the Instruction
Word have been pre-analysed, and that as a result the
operation desired is indicated by a signal on one and only
one of four controlling leads, “+,” “#,” “&,” and “oR”
(see Table 1, Part 1). The Function Box is required to
accept two 40-digit binary numbers A and B (least signi-
ficant digits first) from Highways 1 and 2 respectively,
combine them according to one of the four prescribed
laws, and consign the answer, a 40-digit binary number D,
to Destination Highway.

Addition and Logical Operations.

The arithmetical addition of two multi-digit binary
numbers involves the possibility of requiring to add, at any
stage except the first, three separate binary digits, namely,
one from each of the two original numbers A and B, and a
possible carry digit C from the previous addition. There
cannot and must not be a carry digit at the first stage of
addition (the least significant digits) ; if one exists fortuitously
as the result of an irrelevant addition at the 40th stage of
the previous numbers fed to the Function Box, it is to be
suppressed. The combining unit must therefore accept up
to three inputs A, B and C, and produce two outputs D
(the answer) and E (the carry digit, to be fed back with
unit pulse period delay, and to constitute the C input for
the next addition). The sum of the digits A, B and C can
have four possible values, each with its own significance,
as exhibited in Table 2 below.

TABLE 2
Binary Addition

UM ANSWER | CARRY DIGIT
B4C D E

0 0
1 1
2 0
3 1

| AND
f ONLY

<1 b

€(20R3)
Fi1G. 27.—LoGICAL “ADDER.”

The logical circuit shown in Fig. 87 successfully carries
out the required analysis, for D is “1” if the sum be
“lor3,” and E is “1” if the sum be “2 or 3.”” The make-up

of the unit delay, and the method of carry suppression at .

the first stage of addition, are as yet unspecified.

If all the carry digits are suppressed, the same circuit
is capable of discriminating between the three logical
operations, because, in that case, output D signifies ‘1 and 1
only of A and B,” while output E signifies “Both A and B
simultaneously.” Thus, D gives “#” (not equivalent to).
E gives “&” (aND), and the combination of D and E on
an “‘OR” basis gives ‘“A OrR B or Botg,” which is the logical
“oR.”” The whole circuit, taking account of timing, carry

;
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suppression and control signals may therefore be assembled,
and is shown in Fig. 28.

The Complete Logical Civcuit.

The total delay from source highways to destination
highway is £ pulse period, } for re-synchronizing after the
long feed cable and { for re-synchronizing after the compo-
site switching of the Function Box itself (the timing of the
highway signals was fixed to accommodate the Function
Box requirements, Fig. 15). The unit delay in the “carry”
circuit is made up with three successive re-synchronizing
stages, one corresponding to the A and B input triggers
(K2— K1, early), and one to the output trigger
(K3 — K2, early). “Carry” is to be permitted only if
“4” is indicated, and even then not at the first stage of
addition, corresponding to the number digit Pl (see Part
3(a), Special Sources); it is therefore ideally controlled by
the composite signal “(4) AND (NoT P1).” In practice,
control is exercised at a point where the timing of the
carry digit is “K1 to K3, early,” and the Pl pulse must be
similarly timed; it is convenient to use “P40, sync” (which
is available) rather than “Pl, K1 - K3, early”’ (which is
not). On the output side, the circuit provides D alone for
the control conditions “+” and “#,” E alone for control
“&,”” and (D or E) for control “oR,” as required.

MERCURY-LINE TEMPERATURE COMPENSATION

One of the problems associated with mercury-line storage
is that the pulse velocity down lines is variable with
temperature. It is, however, vital that a delayed pulse
emerging from a line shall be synchronizable by the correct
K-pulse of the correct P-digit of the correct minor cycle—
that is, that the delay of a long storage line shall be 638%
pulse periods for Mosaic, within very close tolerance.
Therefore, either both temperature and Master Clock
frequency must be constant, or else both must vary together
according to some rule which will maintain the required
equality; Mosaic uses the latter scheme, with one long delay
line (No. 0) used as control. It is still necessary that all the
lines be at the same temperature, but within limits (4-30°C)
that temperature may be allowed to vary, the Master Clock
frequency being adjusted to suit by signals derived from the
controlling line.

The K-pulse technique makes control very simple. In
effect, a repetitive standard signal (£ pulse period in length)
is transmitted down delay line No. 0, and then compared
with itself in undelayed form. Ideally, the signal centre
lines should be 1} pulse periods apart; if they are more than
12 or less than 1 period distant from each other, the delayed
pulse cannot be synchronized by the correct K-pulse. In
practice, the tolerance is made 43} period; the divergence
from ideal is turned into an algebraic voltage by a simple
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analogue device, and that voltage is used to bias a valve
reactor in the Master Clock oscillator circuit, and so to
correct the divergence producing the voltage (asin an error-
correcting servo-mechanism).

CONCLUSIONS

Many high-speed digital computers have been made all
over the world, for a variety of purposes, and the output
shows no sign of abating. A Soviet machine has been
described, for instance, which can translate English text
into reasonably grammatical Russian. Perhaps it would be
true to say that present interest is largely on machines for
commercial use. Mosaic has made its distinctive contribu-
tion to the art; it is at present the only 4-address machine
in use in this country, and its K-pulse technique, with
standing-wave control, resolves very satisfactorily the
problem of combined high speed and large size, a problem
which was bound to arise sooner or later.

APPENDIX
Locicar CirculT SYMBOLS
Any switching circuit may be built up using only four
essential units, namely:—
(1) The “PATH,” or route of a signal.
(2) The “GATE,” or switch, the output of which depends in
a predetermined way on the signals on a multiplicity of
input paths.
(3) The “NEGATION” unit, which has the effect of
changing an ‘““ON"’ signal to ““OFF,” and vice versa.
(4) The “DELAY" unit, which interposes a fixed time-delay
on all signals on a given path.
These may be called the “PRIMARY " units, and they are
conveniently represented logically by the symbols of Fig. 29.
The symbols represent logical conditions only; the prevalent
tendency to make them show more (for instance, circuit
parameters or voltage levels) is to be deplored, for the only
result is lack of generality and confusion in the diagrams. The
same applies in general to multiplication of the symbols for
special purposes; nevertheless, some combinations of the
primary symbols occur so frequently as to justify such special
symbols, and they are shown in Fig. 80. All signals may be
of any length in time, with the exception of input “A”
of the Scale-of-two trigger and output “B”’ of the Beginning and
End units, which are always understood to be pulses of

No DESCRIPTION SYMBOL

PATH
! INDICATES ROUTE OF A SIGNAL
ALL PATHS ARE UNIDIRECTIONAL

GATE L) LI

OF THE"X" INPUTS, ANY "N" OR x A
2 MORE WILL PROVIDE OUTPUT AT A"  fioire

IF N=I, T IS CUSTOMARY TO

LEAVE THE CIRCLE EMPTY

NEGATION

3 SIGNAL AT "A" GIVES NO SIGNAL Ae—3}—B
AT “B"% AND VICE - VERSA
TIME DELAY

4 SIGNAL AT “A" APPEARS T UNITS A=>—fD>>B

OF TIME LATER AT’B"

Fic. 29.—PriMARY LocGicAL CIRCUIT SYMBOLS.

No DESCRIPTION SYMBOL

TRIGGER (LOCKING SWITCH)
5 TURNED “ON" BY SIGNAL A, THEN
GIVES OUTPUT B fRRESPECTIVE OF A J

A > y>-B

A
Do\}@_ﬂ
E
A %

13

INHIBITION OR RESET
a GATE CIRCUIT
PREVENTS GATE BEING OPENED THUS
“OUTPUT AT B IF A& D BUT NOT IF E"

o

TRIGGER CIRCUIT
TRIGGER ,TURNED "ON"BY A, IS RESET
BY E E OVER-RIDES A IF BOTH
APPEAR TOGETHER

SCALE-OF-TWO TRIGGER
7 SUCCESSIVE SIGNALS AT A TURN
TRIGGER "ON" AND “OFF"

s D o

PULSE DEVICES A—>—FB—>—D
8 END (E) OR BEGINNING (B) OF
SIGNAL AT A PRODUCE PULSE AT D A—=>—@B—>—0D

F16. 30.—SEcoNDARY Logicar CIRCUIT SYMBOLS.

predetermined length. The exceptions do not lead to confusion
in practice.,

The primary and secondary symbols described here were
invented by the late Dr. A. M. Turing, then of the National
Physical Laboratories.

I.P.O.E.E. Printed Paper No. 207

“Telex Service.” R. N. Renton, AM.I.LE.E. This paper was
contributed to the proceedings of the Institution during the
1953-54 session, was awarded the Institution Senior Silver
Medal, and printed by the authority of the Council. Copies
may be obtained from the Librarian, The Institution of Post
Office Electrical Engineers, G.P.O., Alder House, London,
E.C.1. The price per copy is 2s. 6d. net (2s. 8d. post free), but
members of the Associate Section of the Institution have the
privilege of purchasing copies at the reduced price of 1s. 6d.
net (1s. 8d. post free). Corporate members of the Institution
may also purchase additional copies at the reduced price.

In this paper, the author traces the development of the
telex service from its inception in this country up to the
present time. An introductory section mentions the factors
that enabled such a service to be brought into operation and
advances the reasons leading to the decision to make use of the
telephone network for the service. A description of the
subscriber’s 1,500-c/s equipment is followed by a discussion
of the experiences and factors that resulted in the proposal to
introduce a new telex service based upon the use of a network
of telegraph circuits.

The telegraph transmission aspects of such a network are
dealt with in some detail, and some results are given of dis-
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tortion measurements made over five v.f. telegraph circuits
switched in tandem. Details are given of the signalling
principles adopted in relation to the recommendations of the
C.C.L'T. The equipment at a subscriber’s station and at a
manual telex exchange is illustrated, and the facilities provided
are described with the aid of circuit diagrams. An operational
problem of 24-hour staffing at the smaller exchange, and an
economic one of serving small groups of remotely-situated
subscribers, have both been met by the introduction of a small
automatic sub-exchange: a brief description is given of the
facilities provided by this unit exchange. The account of the
inland telex system is concluded with some reference to the
numbering scheme, the printergrams and multelex services,
and the program for conversion from the old to the new
system: brief mention is also made of the proposal for early
automatization.

The development of the telex service to other countries is
described, with brief reference to the systems adopted by other
Administrations and the method of operator-to-subscriber
dialling from the London switchboard into foreign networks.
The telegraph transmission aspects are touched upon, with
details of the salient requirements for regenerative repeaters,

The paper concludes with a brief description of the Van
Duuren error-correcting equipment used on the London-New
York radio telex links.



Time-To-Answer Equipment For Use

in Sleeve-Control Exchanges

U.D.C. 621.395.361

D. R. B. ELLISY}

Traffic Staff have in the past used stop-watch observations for assessing the time taken to answer incoming calls at manual switchboards,
but equipment has now been developed that makes the necessary observations automatically, and with greatly increased accuracy.

INTRODUCTION

NFORMATION concerning the time taken to answer
Iincoming calls at manual switchboards has hitherto

been obtained by means of stop-watch observations
taken by the traffic staff, A recent experimental installation
of partial call-queueing equipment included a means of
automatically recording the information on meters. A com-
parison of the results obtained by the two methods revealed
a considerable discrepancy, which has been shown by a
mathematical study to be due to the method of sampling.
The stop-watch observations, taken at random, were found
to be less accurate than those obtained by sequentialsamp-
ling, by which method every “nth” call to be displayed is
timed, “‘»”’ being adjustable to meet the conditions existing
in a particular exchange, and to obtain an adequate sample.
An equipment has been designed for use on selected circuits
at sleeve-control exchanges, and from its use additional
information about answering times will be made available
without the need to install extensive
partial call-queueing equipment.

Up to 50 circuits are intercepted and -n-D—o-- -

EXISTING LAMP

the calls on them are counted. Every — DXSTNE - “getar
CIRCUIT

“nth” call is connected via an equip-

call-counting and allotter-control circuits, wherein the call
is counted.

If it is not the “wth” call, a predetermined linefinder
drives to the marked contact, switches and connects a
signal to the lamp relay of the tapping circuit, which, in
turn, operates the normal lamp relay, to display the call
on the switchboard. The call-counting circuit and the line-
finder are released to be available for the next call. Sub-
sequent calls, up to and including the next ‘““nth’ call, are
dealt with by the same linefinder. When the “nth” call is
connected, a similar procedure is followed, but in addition
the timing circuit associated with the linefinder is brought
into use; the linefinder and timing circuit are held by the
tapping circuit and the allotter steps to the next free
linefinder outlet. When the call is answered, the tapping
circuit, timing circuit and linefinder are released in that
order, and the call is recorded on the appropriate answering-
time distribution meter.

LP2 TAPPING CIRCUIT

ment that times the answering-lamp 'll-ll-'VVV'G‘NE
glow in steps of one, three or six CONTACT
seconds, up to a maximum of three -
minutes duration, and records the call - CC3

on one of six meters. Hence, the dis-

tribution of calls within six predeter- €
mined answering periods is ascertained. T

Coincidentally, the total number of all
calls and their total answering time
are recorded on meters to give an
average answering time for the calls.

Circuir OPERATION

Outline description. Y
Fig. 1 shows a block schematic

diagram of theequipment. Theexisting s
lamp-wire is intercepted at the I.D.F.
and the calling signal from the selector-
level relay set connected via the tap-
ping circuit to mark the position of the
calling circuit on the linefinder bank
and to provide a start signal to the

TO NORMAL

LAMP RELAY —¢l TAPPING ANSWERING
FROM SEL-LEV—»} CIRCUIT TIME
RELAY SET D'irg'r BElé'lS'ION
TOTAL CALLS
AND -
TOTAL TIME
METERS <\
{ LINEFINDER
3
CALL COUNTING ~<—J
AND
LOTTER TIMING
ALLOTTER ){ 3 CIRCUIT
CONTROL / > -

F1G. 1.—Brock ScHEMATIC DIAGRAM OF THE EQUIPMENT.
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CALL-COUNTING AND ' KAl

ALLOTTER CONTROL

FiG. 8.—TarpiNG, CALL-COUNTING, ALLOTTER AND LINEFINDER CIRCUITS.

Tapping, Call-Counting, Allotter and Linefinder Circuits
(Fig. 2).

When a call is connected to the equipment, the existing
lamp-wire signal from the selector-level relay set is con-
nected via LP1 to mark the position of the tapping circuit
on the linefinder bank and, if the call-counting circuit is
not dealing with another call, operates relay CC. CC3
releases relay CD and CD1 operates the linefinder magnet.
If the call is not to be timed relay TT does not operate.
The linefinder wipers drive to the marked contact, and
relay KC operates. KC1 disconnects the linefinder magnet
and operates relay KK. KKI1 releases relay CC and CC2
operates relay LP. LP1 holds relay LP and releases relay
KC. LP2 operates the normal lamp relay and displays the

+ Executive Engineer, Telephone Development and Maintenance
Branch, E.-in-C.’s office.
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call. KC1 releases relay KK, KC2 operates the counting
uniselector magnet and KK3 releases the counting-
uniselector magnet to step the wipers to the next contact.

Every “nth” contact of arc CU1 is connected to relay TT,
and when the “nth” call is connected, relay CC operates
and CC4 operates relay TT. The circuit operation proceeds
as before, but when KK2 operates, earth from CC2 is
connected via TT2 to operate relay TC. TCl operates
relay LP and LP3 holds relay TC via TC2, and operates
relay RG. RG1 disconnects the operate circuit of relay LP,
TC3 operates relay KA and KA1l steps the allotter wipers
to the next contact.

Timing Circuit. _
The timing circuit (Fig. 8) comprises a uniselector which
steps at l-sec intervals for 15 sec, at 3-sec intervals from

6 SEC PY! PX |
—_—

3 SEC
©

1 SEC PY2 =

Fic. 8.—TimminG CIRCUIT.

15 sec to 42 sec, and at 6-sec intervals until 3 min, when
further timing ceases.

The operation of TC5 operates relay PG, and PGl
connects a 1-sec earth pulse via TC4 to the timing-uniselector
magnet. After 15 sec relay PX operates and PX1 changes
over the timing-uniselector magnet to the 3-sec pulse wire.
After a total of 42 sec, relay PY operates in series with relay
PX and PY1 changes over the timing-uniselector magnet
to the 6-sec pulse wire. After 3 min, relay PX releases and
PX1 disconnects the pulse wire to stop further timing.

When the call is answered, relay LP (Fig. 2) releases
and LP3 releases relay TC. TC5 (Fig. 8) releases relay PG
and TC4 connects battery via the TU magnet to operate
the answering-time distribution meter, during the slow
release of relay PG. PG2 completes the self-drive circuit
to home the timing-uniselector wipers.

Pulse synchronization.

To prevent timing errors due to the 1, 3 and 6-sec pulses
not being synchronized, the 3-sec and 6-sec pulses are
generated within the equipment by a pulse-counting circuit
element, shown in Fig. 4.

One-second pulses from the exchange pulse supplies
operate relay PS, and PS1 repeats the pulses to the pulse-
counting relays PA . .. PF. The first operation of PS1
operates relay PA and the first release of PS1 holds relay
PA and operates relay PB. The second operation of PS1
holds relay PB and releases relay PA. The second release of
PS1 holds relay PB and operates relay PC. The sequence
continues with each 1-sec pulse until relay PF releases.
PF1 re-connects the pulse to relay PA and the sequence is
repeated, the whole cycle taking 6 sec. The 3-sec pulse is
connected when relay PC or PF is operated, and the 6-sec
pulse is connected when relay PF is operated.
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FiG. 4 —GENERATION OF 3-SEC AND 6-SEC PULSES.

Total-Time Meter.

To determine the average answering time, the total
display time of all calls is recorded on a 100-type meter,
each step of which represents 5 sec. Hence, the meter
must be operated at a frequency varying between 12/min,
when one call is displayed, and 600/min, when 50 calls are
displayed. This is achieved by the use of two cold-cathode
valves, as shown in Fig. 5.
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FiG. §.—Circurr oF ToraL-TiME METER.

= L

While a call is displayed, 1.LP4 connects 80V positive
battery, via a 5-1-megohm resistor, to charge capacitor C1.
The potential across C1 rises until such a value is reached
that V1 conducts and relay MC operates. MCI discharges
the capacitor via RV1. Simultaneously, the cathode
potential of V2 rises, and that valve also conducts, operating
relay MP. MP1 operates the total-time meter, and MP2
quenches V1, releasing relay MC. MC1 disconnects the
shunt across Cl, which again charges. TTM1 quenches
valve V2, to release relay MP, and MP1 releases the meter.
If two or more calling circuits are displayed simultaneously,
the charging rate of Cl is increased in proportion and the
cycle of operations is repeated at a higher frequency.
MC1 is operated for the same period of each cycle, irre-
spective of frequency, and it follows that, because display
time is not being recorded while MC1 is operated, a small
error might be expected. By adjusting RV1, a small residual
charge remains in C1 after MCI releases, to compensate for
such an error, and to provide adjustment to compensate
for tolerances in components.

ConcLusioN
A prototype of the equipment has been constructed and
will shortly be installed in a sleeve-control exchange for
traffic tests, which will determine whether the equipment
is to be standardized for general use.









Institution of Post Office Electrical Engineers

Commemoration of 50th Anniversary

In amplification of the preliminary announcement made in
the April issue of the Jjournal, the following details of the
arrangements made by the Council of the Institution of Post
Office Electrical Engineers to commemorate the Institution’s
50th Anniversary of Foundation are given for the information
of members:—

Jubilee Meeting (London)

Arrangements have been completed to hold this meeting at
the Institution of Electrical Engineers, Savoy Place, London,
W.C.2, on Monday, 8th October, 1956, when the President of
the Institution, Brig. L. H. Harris, C.B.E.,, T.D., M.Sc,
F.C.GI, M.I.E.E, will address an audience of members
and distinguished guests on the subject, “Fifty Years of
Telecommunications,” commencing at 5.30 p.m. A historical
exhibition of telecommunications equipment will be on display
before and after the meeting. Application forms to attend the
meeting will be distributed to members concerned early
in July, and those desiring to attend should complete and
return the forms by mid-August.

Provincial Celebrations

The arrangements for celebrating this occasion at Provincial
Centres are in the hands of the respective Local Centre Com-
mittees, and details will be announced locally.

Celebration Dinner-Dance (London)

This function has been arranged to take place at the Windsor
Room, Corner House, Coventry Street, London, W.1l, on
Tuesday, 9th October, 1956, at 7.00 for 7.30 p.m. Dancing
will continue until 11.30 p.m. Further details, and application
forms for tickets, will be distributed to members concerned
early in July.

The Postmaster General, Dr. The Rt. Hon. Charles Hill, M.P.,
has indicated his intention of being present.

Jubilee Issue of the Journal

The October 1956 issue of the Journal will be a special
Jubilee number devoted to articles reviewing the development
and growth of the British Post Office telecommunications
services and of the mechanization of postal services. These
articles will include the history of development in each of the
main branches of telecommunications engineering with
particular reference to technical advances in more recent
years.

H. E. WILCOCKSON,
Secvetary.

Essay Competition, 1955/56—Results

A prize of £5 5s. 0d. and an Institution Certificate have been
awarded to the following competitor in respect of the essay
named:—

E. F. Taunton, Technical Officer, Perth (Scotland).
“Problems and Personalities at Maintenance Control.”
Prizes of £3 3s. 0d. each and Institution Certificates have

been awarded to the following four competitors:—

H. F. Bentley, Technical Officer, Edenbridge (H.C. Region).
“The Long Arm of Dual Maintenance.”

J. R. Haggart, Technical Officer, Edinburgh (Scotland).
““The Development of the Telephone.”

O. Rogers, Technical Officer, Rugby Radio Station

(E.-T.E.). “How Far Is Automation a Good Idea.”

J. L. Care, Technical Officer, Eltham (L.T. Region). ‘“Con-
ducting the Public Around a Telephone Exchange.”

Institution Certificates of Merit have been awarded to:—

R. L. Wood, Technical Officer, Reading (H.C. Region).
“Observations On the Larger Size of the P.A.B.X. No. 3.”

A. H. Strange, Technical Officer, Engineering Dept. (LLB
Branch). “An Appreciation of High Quality Sound.”

J. R. Greenfield, Technician I, L.P. Region (Power Section).
“Generating and Metering (E.H.T.).”

A. L. Deighton, Technical Officer, Lincoln (N.E. Region).
“Why Do Accidents Occur and What Should Be Done
to Prevent Them?”

The Council of the Institution records its appreciation to
Messrs. W. S. Proctor, S. Welch and E. W. Anderson, who
kindly undertook to adjudicate upon the essays entered for
the competition.

H. E. WiLCOCKSON,
Secretary.

N.B.—Particulays of the mext competition, entry for which
closes on the 31st December, 1956, and a review of the above-
mentioned prize-winning essays, will be published later.

Additions to the Library

2337 Textbook of Servo-mechanisms. J. C. West (Brit. 1953).
Assumes a standard of mathematics about that of a
first-year University course, and an elementary knowledge
of electronics.
2338 Electromagnetic Principles of the Dynamo. E. B. Moullin
(Brit. 1955).

An academic book for those using the elestromagnetic
principles of the dynamo as a discipline for mental
training.

2339 Noise (In Electronic Devices). A. vander Ziel (Amer. 1955).

Reduces the solutions to most noise problems to an
analysis of simple networks.

2340 A History of Red Tape. J. Craig (Brit. 1955).

An outline of the constitution, rewards and outlook of

the Civil Service from its origin to its present state.
2341 Principles and Applications of Physics. O. Blih (Amer.
1955).

Attempts to provide a comprehensive and coherent
understanding of physical science.

2342 Stremgth of Materials. B. B. Low (Brit. 1955).

A fairly elementary textbook.

2343 Vacuum Valves in Pulse Techniques.
(Dutch 1955).

Indicates the methods of determining the behaviour
of a network in which electronic valves are used as
switches.

2344 Practical Wireless Service Manual. F. J. Camm (Brit.
1955).

Deals with the testing of all types of wireless receiver,
and the construction and use of test instruments.

2345 National Certificate Workshop Technology. T. Nuttall
(Brit. 1955).

Covers primarily the Ordinary National Certificate
course, but includes much of the work of the City and
Guilds course for fitters and turners.

(Continued on p. 143)
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L]
Regional Notes
Midiand Region
STORM DAMAGE

The blizzard that struck the northern part of the Peter-
borough Area (and affected parts of the Lincoln Area) on
Sunday, 8th January, 1956, was distinguished by the damage
it did to overhead power lines, simultaneously depriving
33 exchanges in the Peterborough Area of an electricity supply.

The conditions were favourable to the formation of ice and
this, combined with the strong wind, resulted in severe damage
to trees, roofs of buildings, overhead power wires and, of
course, telephone lines. The depth of snow measured in Boston
was 15 in.; where drifting had occurred it was much greater
and many roads were impassable. The damage to telephone
plant amounted to about 3,000 miles of single wire brought
down, 150 poles broken, and 2,500 poles deflected or made
dangerous. Between 5,000 and 6,000 subscribers’ lines and
about 100 junctions were faulty.

Thirty-two gangs were borrowed to cope with the enormous
task of repair, but even so it was a month later, on 8th February,
that the last subscriber’s fault attributable to the storm was
cleared.

The staff of the Electricity Board were so hampered in their
surveys of the damage to power lines (for which they ultimately
used a helicopter) that they could give no indication when
power was likely to be restored. This was a situation that
called for special action. Emergency generating sets are
provided on a scale to meet long-duration power failures
provided they are confined to a few exchanges; failures of
short duration are within the capacity of the exchange batteries.

Power was, in fact, restored gradually but it was 11 days
after the storm before the last exchange had a mains electricity
supply available. In the meantime, the drain on the batteries
at the affected exchanges was minimized by restricting service
to those subscribers entitled to “E” attention whose lines
were still working.

In spite of loans of 19 emergency generators from other
Areas, the number of sets available in the first few days was
considerably less than the number of exchanges without power.
Batteries were prevented from failing by allotting each
emergency set to a group of exchanges and moving it from
one to another, giving each battery a partial charge in turn.
This was no easy matter owing to the appalling state of the
roads. To illustrate this, it took a 4-ton lorry nearly six hours
to tow an emergency charging set from Boston to Skegness, a
distance of 24 miles.

Unfortunately, the emergency set sent to Skegness broke
down and the 22V exchange battery was just saved from
complete discharge by connecting to it a “Tiny Tim” lighting
set. At two other exchanges, both 50V U.A.X.s, “Tiny
Tims” kept things going, two sets being operated in series.

Thanks to the strenuous efforts of the staff operating the
emergency sets, who worked under very trying conditions of
extreme cold, the number of exchanges out of service due
primarily to battery failures was kept very low.

One lesson learnt from the storm was the importance of
maintaining the emergency power plant in first-class order.
Rigorous routine testing of the plant ensures the reliability
of the plant when it is most needed. Only in this way will it be
certain that sefs can be run immediately they are needed
without valuable time being lost in clearing faults.

The question has been raised whether the existing design
of emergency power plant meets the requirements at U.A.X.s
up to U.AX. 13X. The staff handling the sets certainly felt
the need for a smaller, more easily manoeuvrable, set and
proposals are being made for a suitable design.

D. B. A.
Scotland
U.A.X. No. 7T DEVELOPMENT

From 1958-59 onward the amount of U.A.X. No. 7 equip-
ment that will be recovered on the conversion of exchanges to
non-director working will greatly exceed that required for
U.A.X.7 extensions. This surplus equipment would normally
be scrapped in spite of still having many years of useful life.
In the present circumstances this cannot be tolerated and
some U.A.X.s 7 must be kept in use, even though their
buildings are full, by catering for growth with a new non-
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director exchange. The obvious way of achieving this is to
make the U.A.X.7 dependent on the non-director exchange,
but the most important objection to this is that the U.A.X.7
invariably bears the name of the town it serves and the new
non-director exchange would require a different name, which
would almost certainly be opposed locally. In addition, the
U.A.X. terminating equipment in the non-director exchange
would become scrap on the eventual recovery of the U.A.X.
The following scheme, which has been submitted to the
Engineering Department, inter-works the U.A.X.7 and non-
director exchange with a common name and numbering range.

U.AX. No.7 NON-DIRECTOR EXCHANGE
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Notes—

1. Separate routes for each exchange.

2. 200 subscribers (24/34) are transferred to non-director exchange to free level 1.
Sinilarly, 200 subscribers (25/35) will be transferred to non-director exchange to free level
5 as non-director exchange grows from 1,000 multiple to 2,000 multiple; level 6 for
2,000-3,000 multiple, etc.

3. This arrangement assumes separate routes from the U.A.X.7 and non-director
exchange to non-parent exchanges A, B, C and D. Alternatively, level 8 from the U.A.X,
can be routed to the level 8 2nd selectors in the non-director exchange to obtain access
to the non-parent routes.

4. Separate trunk-offering procedure 1s required for the two exchanges, with trunk-
offering selector= 1n the non-director exchange.

5. This arrangement assumes that junction traffic to the non-director exchange
circulates via the U.A.X.7. Alternatively, junction 1st selectors could be at the non-
director exchange.

TRUNKING BETWEEN THE U.A.X.7 AND THE NON-DIRECTOR

EXCHANGE.

The diagram shows the trunking and distribution of sub-
scribers between the two exchanges. It will be seen that, in
cases where all appropriate levels are in use at the U. A X.7,
200 U.A . X. subscribers must be transferred to the non-director
for each 800 “‘growth” of multiple.

The essence of the scheme is the modification to the U.A.X.
1st selector (AGS 105) which terminates the route from the
non-director exchange subscribers to the U.A.X. subscribers.
Normally this selector, which includes the U.A.X. transmission
bridge, absorbs the initial digits 2 and 3, which are discrimina-
tory digits for subsequently switching the final selector wipers
to the required 1,000 group. With the intér-working scheme
the “2” and ““3” are used at the non-director exchange as rout-
ing digits; the modification required to the AGS 105 selector is
therefore such as to condition it on seizure to the normal 2nd
digif receive stage. The required conditions are that relay WS
should be operated for a 3xxx number and relays WS and CB
for a 2xxx number. A signal to discriminate between ‘2"’ and
‘3" must, of course, be sent from the non-director exchange,
depending upon the digit dialled there, and is achieved by
providing a 3-wire junction, the 3rd wire providing an earth
from a spare contact of the auto-auto relay set (A.T. 5156) on
level 2. Originally, a two-relay unit was to be added to the
AGS 105 selector to apply earths to operate relays WS and CB
as required. The Engineering Department has, however, sug-
gested a method which saves the relay unit. This is to short-
circuit contact W 26,27 (to operate relay WS) and connect the
level 2 “discriminating earth” to the CB relay via a U-point.

It is hoped to apply the scheme first to Airdrie, an industrial
town within 15 miles of Glasgow, with an existing 1,600-
multiple, U.A.X. No. 7. J-S.wW.






line is to be connected to the new-line acceptance telephone or
just to be cleared from the tester. The four conditions are as
follows:—

Exclusive line }dial 3—connect toacceptance telephone

or common metering dial 5—release tester

shared service

dial 2 and press button—connect to
acceptance telephone
dial 4 and press button—release tester

In the last two conditions the calling-earth resistance is checked.
Associated with the tester is a lamp display showing the
test cycle; if the line under test fails to reach the required
standard the display halts at the failure point and the call is
diverted antomatically to a calling equipment on the test desk.
The Test Clerk releases the tester and deals with the fitter or
subscribers’ apparatus man in the normal manner.

The use of a tester of this type has a number of advantages.
It ensures a uniform standard of acceptance-testing of new
lines, it checks all features of any existing line tested, and may,
for example, show a low-insulation fault on a line receiving
attention only for a bell complaint, and should thus eventually
raise the standard of subscribers’ equipment and lines. It is
invaluable to the emergency man called out to deal with a line
on an unattended exchange.

Another model is under construction for use in non-director
areas with discrimination to pick up lines on dependent
U.A.X.s No. 14 or satellite exchanges. The whole scheme,
although in its experimental stage, shows great promise and
should be a valuable aid to fitting and maintenance in

automatic exchange areas. C.H. W.
W. H. O.

Shared service
separate metering

Northern Ireland

ELECTRICITY STRIKE

A strike of electricity workers in Northern Ireland caused
a shut-down of the supply on the morning of 14th March.
The failure commenced without warning at 8.20 a.m., was
90 per cent effective by 9.00 a.m., and fully effective through-
out the Province, except for Londonderry, by 10.50 a.m. A
public supply was maintained to Londonderry exchange
throughout the strike.

An emergency control was set up in Telephone House,
Belfast, at 9.15 a.m., and arrangements were put in hand to
operate a preference scheme for subscribers, to distribute
emergency generating-sets, to maintain service at essential
P.B.X.s, to provide an emergency supply at the H.P.O.
Belfast, and to reduce the number of amplified trunk and
junction circuits within the Province.

The preference scheme was implemented by means of (a)
sash line inserted in the arrestor springs at U.A.X.s No. 14
and all larger exchanges, (b) withdrawal of heat coils or
insertion of sash line at small U.A.X.s, and {¢) withdrawal
of fuses in some small manual exchanges. Although a con-
siderable quantity of sash line had to be purchased on the
morning in question and cut into lengths, the preference
scheme had been completely implemented in the Belfast
multi-exchange area by 2.30 p.m., and was fully effective
throughout the Province by 6.00 p.m. Numerous changes to
the scheme were required during the day and undoubtedly
groups of 20 wedges looped on cords would have been more
flexible than sash line and would have caused less trouble with
arrestor springs. More preparation beforehand would have
been required, however, and, in fact, the amount of trouble
caused by the sash lines was remarkably small.

Requests for help with exchange batteries were received
quite early in the day. Transport and staff were soon mustered
and an initial deployment of all the emergency generating sets
was made during the day. It became apparent that, in at least
half a dozen cases, there was much less than the nominal
reserve available, due mainly to the batteries being near the
ends of their lives. In two instances mobile generators would
have been required in attendance continuously throughout busy
periods. Although all the mobile generators had been recently
overhauled, at least three of them gave trouble during the day.
These factors must undoubtedly be allowed for when assessing
requirements for mobile generators. Fifteen sets of various
kinds were available in the Area to deal with about 200
exchanges. It was considered that, allowing for reserves,
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double that number would have actually been required to
cover all exchanges effectively. A request for reinforcements
was speedily answered; five additional sets arrived early next
morning on the steamer from Glasgow and nine further ones
would have arrived by air during the second day. The trailer-
type generators displayed considerable advantages over those
which had to be transported in lorries.

Standby arrangements were provided by the Local
Authorities for some of the more important P.B.Xs; eg.,
hospitals and police. In others, power leads were provided
for a 1-kW set used to charge the batteries.

An attempt to reduce the amplifier load at repeater stations
met with very little success. Most internal trunks and junctions
are amplified at intermediate repeater stations and the
allocation of junctions to groups of amplifiers varies at each
repeater station. A re-allocation of junctions would be
required before many amplifier groups could be switched off.

Information was received late in the evening of 14th March,
that the strike had been settled and that power was to be
restored. In fact, the power was restored spasmodically during
the night, due to the difficulties experienced by the Electricity
Authorities in calling out the night shift. Full telephone
service was restored in Belfast and the larger exchanges by
9 a.m. and throughout the rural areas by 11 a.m. on 15th
March. Relatively few faults were experienced, and all
exchange batteries were fully restored during the morning,
All time-switches in kiosks were put out of adjustment,
however, and it was three days before they had all been
readjusted.

Although the strike was of short duration, it enabled a
number of useful lessons to be learned and revealed various
weaknesses. In spite of these weaknesses, however, essential
service was satisfactorily maintained at all exchanges; and
this is due in no small measure to the initiative and zeal
displayed by the staff concerned. C. W. B.

Woales and Border Counties

USE OF BAILEY BRIDGE DURING CONSTRUCTION OF
EXCHANGE MANHOLE AT SHREWSBURY

The construction of the exchange manhole for the new A. T.E.
at Shrewsbury created some unusual problems. The site of the
new exchange is just outside the old town walls, with the ducts
and lead-in on the town side of the walls. Whichever way the
duct track was laid, cutting into the old walls was unavoidable.

On top of the old walls, which vary in height from 8 ft to 14 ft
above the land outside, runs a one-way road, which carries
main traffic into this medieval town from the English Bridge
over the Severn. The road itself is very narrow, beingapproxi-
mately 19 ft wide outside the exchange.

The manhole was kept to a minimum size on account of the
difficulties, being designed for cable-turning purposes only.
Feeding into it from three diverging directions were a 24-way
and two 12-way ducts. To allow for the cables to turn into the
exchange, through a 60-way lead-in, it was necessary to have
a manhole requiring an excavation, 15 ft x 12 ft, cutting out
a large slice of the old walls. Not only would the road be
weakened considerably at this point by such an operation (the
road being composed of tons of rubble on the inside of the
wall), but there would be no possibility of traffic passing during
the working operations, unless special arrangéments were made.

The main ducts, when laid in 1949, together with other
services along the roadway known as Town Walls, had resulted
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Associate Section Notes
Edinburgh Centre

Another very successful session ended in April with the
A.G.M, followed by a most enjoyable dinner, which has now
been established as an annual event.

It is regretted that, owing to promotion, we have lost the
services of our very able chairman, Mr. W. Irvine; however,
we wish him all the best in his new post.

Eight meetings were held and five visits made during the
winter, and the committee was greatly encouraged by the
increased attendances and the interest shown in our activities.
All branches are now represented in our membership; there
are more members than ever before, and further increases are
expected in the coming year.

Already plans are being made for what should be another
varied and interesting program of meetings for the 1956-57
session and, due to the success of last year’s venture, visits
will again be made from time to time throughout the summer
months.

The following members were elected as office-bearers and
committee for the new session: Chairman, T. J. Potter;
Secvetary[Treasurer, J. R. Haggart; Committee, J. Kellard,
W. Jager, J. H. Phillips, M. M. Love, F. Willison, G. Henderson.

’ J. R . H.

Glasgow & Scotland West Centre

The season of talks for 1955-56 is over and the summer
season of visits has started. The first visit was on 8th May
to the works of Albion Motors, Ltd., Scotstoun, Glasgow,
when a small party was conducted round the works and saw
the Albion engine at all stages of its manufacture, from the
rough casting to the completed engine on road test.

This is to be followed by a visit to Kirk O’Shotts television
station on 9th June. Arrangements have been completed for
a visit to Pitlochry Power Station on Saturday, 11th August,
and the postponed visit to Scottish Cables, Renfrew, will take
place in October, when the new machinery for the manufacture
of plastic cables will be in full production.

The membership has dropped a little, to 178. The average
attendance at meetings has been poor, around 24.

J. F.

Darlington Centre

The following meetings have been held:—

7th February.—‘Some Peculiar Maintenance Problems I

have Encountered,” G. B. G. Hart, AM.LLE.E.

The speaker had indeed encountered some really ‘‘sticky”
ones during automatic exchange installation, and whilst travel-
ling up and down the country on cable testing.

13th March.—“Motor Sports, with Film IHustrations,”

R. Lawson.

The members were treated to a really good show of films
depicting the Tulip Rally, motor racing at Silverstone and
Pendine Sands, and a six-day motor-cycle trial. Mr. Lawson
gave details of the organization of these events.

10th April—"Frigidaire,” E. J. Naylor (H. C. Troldahl,

Ltd.).

Members were enlightened on the various aspects of
refrigeration, including its development, up to the ultra-modern
condenser units operating in the modern refrigeration plant.
Mr. Naylor brought apparatus along with him, and interesting
films were shown describing the firm’s products. The speaker
was accorded a hearty vote of thanks.

Another session has thus concluded; the program has been
appreciated and attendances have been maintained. The
Centre had the use of the projector from the Training School,
and valued this facility. The trouble-free arrangements and
efficiency of the operators in charge impressed us.

The Centre is particularly pleased with the IL.P.O.E.E.
Council’s decision to grant framed certificates to Centres
whose members have received National Awards. The Dar-
lington Centre certificate has been allotted pride of place in
the Lecture Room, and it is hoped will be an incentive to
further endeavour.

C.N. H.
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Newcastle Upon Tyne Centre

Our first session as an Associate Section Centre has, it is
considered, been a success. We have had five meetings and
four visits, which were as follows:—

30th August, 1955.—Visit to W. T. Henley’s Telegraph

Works cable factory.

8th September.—Visit to Rediffusion (N.E.), Ltd., radio

and television establishment.

20th September.—Visit to Central Electricity Authority

power station.

27th September.—Meeting, with paper on ‘“‘Duties, Responsi-

bilities, etc., of an Area Engineer,” given jointly by Mr.
J. E. Collins, Area Engineer, and Mr. A. E. Twycross,
B.E.M., Area Engineer.

20th October.—Visit to A. Reyrolle & Co., Ltd., electrical

engineering works.

2nd November.—Meeting, ‘“‘Questions and Answers,” a

discussion between members on any subject.

30th November.—Meeting, with paper on ‘““The Use of

Telecommunications by the C.E.A. and Application of
G.P.O. Private Wires to Protection of the Authority’s Grid
Transmission System,”’ given by Messrs. A. M. Stevenson
and H. N. Hedley, of the Central Electricity Authority,
followed by a visit to their control room.

22nd February, 1956.—Meeting and paper on “U.A.X.s”

by Mr. J. S. Edmondson, AM.I.LE.E.

21st March.—Meeting, with paper on ‘‘Frequency Modu-

lation,” by Mr. T. W. Boast.

At the time of writing, arrangements are in hand for visits
to a coal mine, a local television transmitter, and other places
of interest, during the summer months.

It is hoped that the incoming committee elected at the
annual general meeting will formulate an interesting and
varied program for the forthcoming 1956-57 session.

G.D. C.

Colwyn Bay Centre

Since our last report, which appeared in the January 1954
issue of the Journal, the Colwyn Bay Associate Section has
remained active. The membership has increased to the figure
of 55, though unfortunately this has not resulted in a corre-
sponding increase in the attendance at our winter meetings.

The 1954-53 winter session was opened by Mr. T. A. P.
Colledge, Area Engineer, Chester, who spoke on the building
up of financial estimates in the Chester Area and their final
presentation to Parliament. Apart from a film show held in
mid-February, the talks at the monthly meetings were given
by members of the Section; namely, Messrs. Glyn Hughes,
J. K. Sinton, H. F. Bennington, J. L. Owen, Raymond Jones
and J. C. Davies.

During the summer of 1955 three visits were arranged, the
first in April to the British Industries Fair at Castle Bromwich;
the second, in May, to the de Havilland Aircraft Factory,
Chester; and the third to the John Summers Steelworks,
Shotton, all of which proved extremely popular. The attend-
ance in each case was excellent.

" The 1955-56 session began with a talk on ““Sales Procedure,”
by Mr. G. N. Evans. This took place on Friday, 4th November.
On Tuesday, 30th November, Mr. R. W. Palmer, Principal of
the Central Training School, Stone, gave an interesting talk on
“Talks and Speeches—Their Preparation and Presentation.”
The talks by Mr. Evans and Mr. Palmer were followed by lively
and stimulating discussions. Also in the program were a film
show on the 3lst January, 1956, and ‘““‘Any Questions’’ on
13th March, which was combined with the annual general
meeting. To end the winter program, Mr. H. I. Berkeley gave
a talk on the “Welsh Himalayan Expedition,” and Mr. E.
Whitley gave one on his visit to Holland. D.E. J.

Bishop’s Stortford Centre

The Bishop’s Stortford Centre has been actively engaged
since Christmas.

In January, M. D. Bass gave a first-class paper on the Post
Office P.A.B.X., illustrated with lantern slides lent by the
Central Training School.

In February, Mr. W. Watts, of Cambridge repeater station,
came to Bishop’s Stortford and gave a very instructive paper
on ‘“‘Carrier and Coaxial Cable Systems.”



A visit was made to Odhams Press Limited in March, and a
very instructive evening was spent watching the production
of a large daily newspaper. In March, also, we were very
fortunate in having a talk given by the Liaison Officer
of the Harlow Development Corporation, who spoke on the
**Administration and Planning of Harlow New Town.”

The final visit for the 1955-56 session was made to Standard
Telephones and Cables factory at Woolwich, where 18 of
our members were privileged to spend a complete day
touring all sections of this large factory. A wide range of
equipment for telecommunications was seen, from the gold-
plating of radio frequency crystals to the making of submarine
and coaxial cables.

The annual general meeting of the section took place on
16th May.

j. P

Southend-on-Sea Centre

The inaugural meeting of the Southend-on-Sea Centre was
held on 13th February, 1956, and the following officers and
committee were elected: Chairman, C. J. Vann, AM.ILEE,,
Area Engineer; Vice-Chairman, R. Wyndham; Treasurer,
J. Dickson; Secvetary, D. W. Everett; Liaison Officer, C. A.
Roberts; Committee, B. C. Carter, R. E. Playle, S. T. Ralph,
A. G. Trim; Auditors, A. P. Padbury, S. L. Restorick.

The successful formation of the Centre was largely due to
the efforts and guidance of the Chairman, the Liaison Officer,
and Mr. J. Thurbon. At the inaugural meeting, the Centre
consisted of 21 members, but we now have 67 members, 56 of
whom are subscribers to the Journal.

Although the Centre is only three months old, visits have
been made to the factory of Messrs. E. K. Cole (Ekco), and to
the Southend Marine Radar Station of Messrs. Kelvin Hughes.
One of our own members, Mr. R. Playle, took the bull by the
horns and gave the first paper, on ‘“V.H.F. Communications,”
and it was unanimously agreed that he made a very successful
job of it.

Arrangements have been, or are being, made for visits to
Ford’s works at Dagenham, Lime Grove television studios,
and to a British Railway locomotive works. To conclude our
summer visits, we intend running a coach to the Radio
Exhibition.

The winter program has not yet been definitely decided
upon, but it is hoped talks will be given on some of the following
subjects: the cordless directory enquiry suite; a guide to car
maintenance; promotion; colour television; the detection and
prevention of crime; inshore sailing; model engineering; and
amateur photography. A film show is also envisaged during
the winter session.

Thanks are due to Mr. A. W. Rance for supplying us with a
useful foundation for a library, including the complete volumes
29-48 of the P.O.E.E. Journal.

So far, so good. Let us hope that all members will continue
to give the officers of the Centre active support, and we, in turn,
will guarantee the Centre will not meet the same fate as that
of a damp squib.

; D.W.E.

London Centre

On Tuesday, 29th May, 1956, the London Centre ended
another successful session. On this particular evening the
President of the Associate Section, Mr. R. W. Palmer, gave a
talk entitled ‘“‘Speeches and Papers—their Preparation and
Presentation.” Those present were able to gain many prac-
ticable tips from one adept in this field. Amongst the guests
present were Mr. Knox, the Home Counties Region Associate
Section Liaison Officer, and Mr. C. W. Brown, who was the
first President of the then Junior Section, both of whom spoke
about the Associate Section in the past and to-day. Prior to
this, Mr. R. W. Palmer presented our Chairman, Mr. A. G.
Welling, with a wrist watch, given by the London Centre
Associate Section as a token of appreciation of Mr. Welling’s
efforts during the past ten years to promote Associate Section
activities.

Although it may appear to most members that the summer
is a quiet period, arrangements are being made for the 1956-57
session meetings. Some of the subjects suggested for talks
are: electronic switching, the transatlantic telephone cable,
photography, computing machines, an interplanetary subject,
transistors and television outside broadcasts.

The session will be opened with a lecture on the Trans-
Antarctic Reconnaissance Expedition of 1955-56, and a report
on the activities of the few who at the moment occupy
Shackleton Base near the edge of the Weddell Sea. As this is a
general-interest lecture, members have the opportunity of
bringing their wives and friends. Interest has already been
shown by the Senior Section and a general invitation will be
made to them to attend if they wish to. This is merely advance
notice; the date and details of distribution of tickets will be
made known during July or August.

By the time that this is published, the newly-formed London
Power Centre will have been in action three months and as the
session approaches we wish them every success this year.

At the annual general meeting, which followed Mr. Palmer’s
talk on the 19th May, the following officers were elected
for the 1956-57 session:

Chairman, Mr. A, G. Welling; Vice-Chairman, Mr. C.
Biddlecombe; Treasurer, Mr. W. C. Peck; Secretary, Mr. B. C.
Hatch; Assistant Secretary, Mr. L. E. J. Penney; Editor,
Mr. P. Sayers; Librarian, Mr. S. Challoner; Visits Secvetary,
Mr. M. R. G. Rump.

We are very fortunate in having Mr. F. C. G. Greening as
Liaison Officer for a further session. During the past year he
has, as always, given us good counsel. P. S.

Additions to the Library—continued from p. 137.
2346 Theory of Machines. W. G. Green (Brit. 1955).

Designed to meet the needs of students preparing for
the external Degree examinations of the University of
London, Higher National Certificate examinations, and
examinations of the Professional Institutions.

2347 Hydraulic and Pneumatic Operation of Machines. H. C.
Town (Brit. 1955).

A practical handbook on the use of oil or compressed

air for driving and controlling machines and vehicles.
2348 Modern Clocks: Theiv Repaiv and Maintenance. T. R.
Robinson (Brit. 1955).

Covers all the data necessary for a complete under-
standing of modern clocks, and for their adjustment and
repair.

2349 Builders’ Materials. B. H.and R. G. Knight (Brit. 1955).

‘Written for all engaged in or studying for examinations
on building construction.

2350 Education and Training in Industry. J. Wellens (Brit.
1955).

Reviews current practice; propounds the doctrine of
integrated training; and includes a chapter on organiza-
tional problems as they affect training.

2351 The Autowmatic Factory—What Does It Mean? Institution
of Production Engineers (Brit. 1955).

The report of the Conference held in June 1955.

2352 Principles of Electrical Measuvements. H. Buckingham
(Brit. 1955).

Designed for the student and the engineer. Covers the
requirements of Final Degree and A M.I.E.E. examina-
tions.

2353 The Suppressed Frame System of Televecording. C. B. B.
Wood, E. R. Rout and A. V. Lord (Brit. 1955).

Summarizes the fundamental and practical aspects of a
system designed by the B.B.C. Engineering Research
Department primarily to provide additional tele-
recording facilities in connexion with the Coronation.

2354 Illuwminating Engineering Course. H. Zizl (Dutch 1955).

Concerned mainly with functional lighting; covers the
theoretical principles.

2355 Radio Recewer Circuits and Handbook. E. M. Squire
(Brit. 1955).

For the practical man; includes only ‘‘practical”
theory.

‘W. D. FLORENCE,
Librarian.
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Staff Changes

Promotions
Name Region Date Name Region Date

Avea Engr. to Regional Engr. Tech. Oftr. to Asst. Engr.—continued.
Rusbridge, E. S. S.W. Reg. .. 2.1.56 Gillespie, J. M. . Reg. 23.11.55
Newton, R. J. . Reg. 2.8.65
Exec. Engy. to Snr. Exec. Engr. Drayton, E. H. . Reg. 7.1.56
Warnock, W. T. Scot. 5.12.55 Kiff, B. H. .. .T. Reg. 28.9.55
Bavin, A. E. .. L.T. Reg. .. .. 28.12.55 Gabell, F. C. .. .T. Reg. 7.1.56
Morgan, C. A. .. L.T. Reg. to E.-in-C.O. 29.12.55 Howe, F. L. - Reg. 30.7.556
Gould-Bacon, F. C. E.-in-C.O. .. .. 3.4.56 Antill, J. A. id. Reg. 27.2.56
Richards, C. W. C. W.B.C. .. 3.12.55 Dempsey, N. C. . 15.11.55
Clarke, T. M. S.W. Reg. .. 0.1.56 Mathers, A. .. . 12.12.55
Johnson, L. P. L.T. Reg. 4.5.56 Ballinger, N. G. E.-in-C.O 18.2.56
Brett, G. E. L.T. Reg. 4.5.56 McPherson, C. ]. . 4.2.56
Inett, C. W. B.. L.T. Reg. 8.11.55
o Bishop, J. L.T. Reg. 9.1.56
Exec. Engr. (Limited Competition) Oakshott, D. J. 'F. L.T. Reg. 31.10.556
Kelson, D. .. .. E.-in-C.O. 5.3.56 Baker, W D. .. L.T. Reg. 13.8.55
Ready, W. E. E.-in-C.O. 1.3.56 Pearson, H. A. L.T. Reg. 27.8.55
Povey, J. A. E.-in-C.O. .. 5.3.56 Solley, S. C. L.T. Reg. 9.9.55
Maurer, C. J. E-in-C.O. .. .. .. 1.8.56 Jenkins, A. . L.T. Reg. 31.10.55
Wardle, A. L.T. Reg. to N.-W, Reg. .. 19.3.56 Stocker, H. J. .. L.T. Reg. 29.12.55
Parsons, A. P. E.-in-C.O. .. .. 5.3.56 Hinchcliffe, K. B. L.T. Reg. 16.5.55
Downing, S. A.. E.-in-C.O. to H.C. Reg. 19.3.56 Rainger, D. G. L.T. Reg. 21.1.56
Gray, R. L.T. Reg. .. . 12.3.56 Allen, A W. .. L.T. Reg. 26.8.55
Blanchard, D. T. L.T. Reg. 12.3.56 Hedinger, J. F. L.T. Reg. 10.10.55
Selby, G. R. .. E.-in-C.O. 3.4.56 | Nott, H. C. L.T. Reg. 14.11.55
Andrews, J. D. E.-in-C.O. .. 3.4.56 | Bisson, L. N.W. Reg. 14.2.56
Woollett, B. ]J. S.W. Reg. .. 19.3.56 | Walker, H. . N.W. Reg. 29.2.56
Smith, G. L. E.-in-C.O. 12.3.56 ‘Whittingham, W G. W.B.C. 31.1.55
Lowe, B. A. E.-in-C.O. 12.3.56 Adams, P W.B.C. 10.10.55
Dickie, W. Scot. to E—ln—CO 3.4.56 Wllhams T H W.B.C. 24.9.55
Meatyard, L. R E.-in-C.O. .. 3.4.56 Lodge, A E.-in-C.O. 1.3.56
Harris, B. V. E -in-C.O. 3.4.56 Archer, E. C. E.-in-C.O. 1.3.56
Bott, A. J. .. E.-in-C.O. 12.3.56 Mabey, J. E. E.-n-C.O. 1.3.56
Hornsby, H. C. Mid. Reg. to H.C. Reg 19.3.56 Francis, R. J. .. E.-in-C.O. 1.3.56
Buck, G. A. H.C. Reg. to E.-in-C.O. 3.4.56 Fensome, L. D. W. E.-in-C.O. 1.3.56
Edwards, L. B. Scot 19.3.56 Potts, E. N. E .-in-C.O. 1.3.56
Beck, 1. H. E.-in-C.O. .. 12.3.56 Brown, K. A. E.-in-C.O. 1.3.56
Welsh, M. E. Mid. Reg. to W.B.C. 3.4.56 | Drury, C. B. E.-m-C.0. 1.3.56
Roberts, E. E.T.E. to W.B.C. .. 7.4.56 | Minta, T. A. .. N.W. Reg 30.3.56
Goodison, H. E.-in-C.O. 1.3.56 Sainsbury, T. S. E.-1n-C.O 1.3.56
Baxter, T. A. E.-in-C.O 30.3.56
Bedford, G. H. 1n-C.0 1.3.56
Asst. Engr. to Exec. Engy. Piper, R. J. E.-in-C.O 12.3.56
Dearden, T. T. .. N.W. Reg to N.I.. 3.1.56 Coyte, A. -in-C.O 1.3.56
Rolls, H. R. S.W. Reg. .. 9.1.56 Evans, F. J.° -in-C.O 1.3.566
Young, J. R. .. W.B.C. .. 25.1.56 Smith, E. J. S. -in-C.O 1.3.56
Bartlett, D. L. G. S.W. Reg. .. 9.2.56 | Smith, N. J. W. L.T. Reg 1.3.56
Robarts, J. C. .. H.C. Reg. .. 9.2.56 | Kirkby, R. R. .. Mid. Reg 7.4.56
Faithfull, A. D. S.W. Reg. .. 15.12.55 | Cockerill, T. A. J. E -in-C.O 30.3.56
Sharpe, C. E.T.E. .. 2356 | Green, G. H.C. L.T. Reg 1.3.56
Rudge, C. H. O J S.W. Reg. .. 2.3.56 Mills, A. A. -in-C.O 1.3.56
Lilley, F. H. . N.E. Reg. 16.3.56 | Smith, F. A. N.E. Reg 10.3.56
Popplewell, S. R. N.E. Reg. 16.3.56 | Read, C. W. S.W. Reg 17.3.56
Winterburn, G. E. N.E. Reg. 16.3.56 | Lout, J. W. L.T. Reg 5.3.56
Elliott, H. F. L.T. Reg 5.3.56
Woods, B. G. .. -in-C.O 1.3.56
Inspector to Asst. Engr. Mitchell, J. T. H. An-C.O 1.3.56
Hutchison, J. L.T. Reg. 30.10.55 Saunders, L. E. -in-C.O 1.3.56
Evans, K. . W.B.C. 21.4.55 Ryles, K. V. .. ~in-C.O 1.3.56
Davidson, W. B. Scot. .. 6.12.55 West-Robinson, G. A L.T. Reg 1.3.56
Powell, W. T. N.W. Reg. .. 3.2.56 Daniel, R. E. .. L.T. Reg 17.3.56
Smith, E. L.T. Reg. 12.12.55 Orridge, C. E. A L.T. Reg 1.3.56
Broderick, E. c. L.T. Reg. 29.12.55 Godfrey, K. J. R. S.W. Reg 1.3.56
Ewing, R. L.T. Reg. 24.12.55 Snell, B. F. P. S.W. Reg 17.3.56
Payne, A. ] L.T. Reg. .. 28.1.56 Stevens, F. W. P S.W. Reg. 10.3.56
Richards, D G W S.W. Reg. .. 18.1.55 Nickson, J. L.P. Reg 10.4.55
Osborn, M. G. S.W. Reg. .. 2.6.55 Miulls, E. J. W.B.C. 9.2.56
Cowell, E. F. L.T. Reg. 3.4.56 Mills, W, A. L.T. Reg. 21.1.56
Bullen, D. C. .. L.T. Reg. 28.1.56
Bancroft, W. H. L.T. Reg. 8.8.55
Tech. Offr. to Asst. Engr Clements, D. H. J. L.T. Reg. 7.12.55
Davies, R. W, |, . W.B.C. 12.10.55 Ingleby, G. R. L.T. Reg. 8.8.55
Milford, A. R. .. W.B.C. 23.11.55 Walker, D. C. .. L.T. Reg. 18.4.55
Davis, I. R. .. W.B.C. 2.11.55 Perkins, J. AL .. L.T. Reg. 20.6.55
Pettitt, R. W. L.T. Reg. 23.1.56 Pearce, R. ]J. S.W. Reg. 18.5.55
‘Watts, J. R. .. L.T. Reg. 31.10.55 Stokes, E. G. F S.W. Reg. 1.1.55
Hebden, H. E. G. L.T. Reg. 18.7.55 Holmes, F. .. S.W. Reg. 6.6.56
Tyrer, B. S. L.T. Reg. 31.12.55 Matterface, R. J. S.W. Reg. 22.8.55
Pallett, S. W. L.T. Reg. 7.1.56 Smallwood, W. G. S.W. Reg. 12.4.55
Purdy, F. L.T. Reg. 20.12.55 Green, F. G. N.W. Reg. 14.3.56
Peasland, D. P. H L.T. Reg. 6.9.55 Latham, E. N.W. Reg. 19.3.56
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Promotions—continued.

Name Region Date Name Region Date
Tech. Offr. to Asst. Engr.—continued. Tech. I to Inspector.—continued.
Boiton, J. M. N.W. Reg. 19.3.56 Barham, H. W. E. E.T.E. 1.8.56
Orme, H. L. .. N.W. Reg 23.3.56 Weatherhead, H. J. E.T.E. 1.3.56
Smith, B. F. M. W.B.C. 30.8.55 Robinson, P. W. V. E.T.E. 1.3.56
Redfern, F. C. .. W.B.C. 12.3.56 Bower, F. E.T.E. 1.3.56
Boys, H. C. L.T. Reg 1.5.56 Knight, C. J. W.B.C. 25.3.56
Mills, E. J. W.B.C. 9.2.56 Haines, L. W. .. L.T. Reg. 1.3.56
Adams, R. E. W.B.C 25.1.56 Turpin, F. W, .. L.T. Reg 15.2.56
Jones, R. W.B.C 3.12.55 Williamson, R. F. N.W. Reg 23.4.56
Allan, J. M. .. Scot. 2.4.56
Martin, W, E. E.-in-C.O 25.4.56 Prin. Sc. Offr. to Sur. Prin. Sc. Offr.
Pieil, J. L.T. Reg. 23.1.56 Lynch, A. C. E.-in-C.O. 10.2.56
Dean, R. L.T. Reg. 9.1.56
?a.ker, A. C.A J- %% geg- 1031-%?? Snr. Sc. Offr. to Prin. Sc. Offr.
rinnaman, A. J. T. Reg. 11, .y
Abson, G. J. R. L.T. Reg. 8256 | Dhoorn P . Enco 3508
Green, H. M. L.T. Reg. 2156 | Carasso, J. 1. .. E-in-CO. .. 10.3.56
Burt, A. J. L.T. Reg. 13.2.56 ! : A o
Elliott, D. A. L.T. Reg. 6.2.56 .
Ansell, J. R. L.T. Reg. 10.11.55 g’l':' gfp 1. Offr. to Prin. Sc. Offr.
Hadfield, C. .. L.T. Reg. 19.12.55 andler, W. W. E.-in-C.O. 27.2.56
’ New, A. A. E.-in-C.O. 27.2.56
Lamberton, A. H. L.T. Reg. 31.10.55 New,
ers, F. .. E.T.E. 26.3.56
ga(ifrlagrd, AW, . ETE. 26.3.56 | Lxpl Offr. to Snr. Exptl. Offr.
Northfield, C. J. L.P. Reg. 2.3.56 Kingston, F. G. . E.-in-C.O. 15.3.56
Adamson, A. N.W. Reg. 23.4.56 X
Evans, E. A. N.W. Re§ 23.4.56 | L#xpil Offr. (Open Competition).
Greenaway, P. E. E.-in-C.O. 14.2.56
Tech. Offr. to Imspector. Reynolds, A. E. E.-in-C.O. 5.3.56
Naylor, E. L. H. N.W. Reg 1.3.56 Sanvoisin, R. E.-in-C.O. 2.5.56
Farr, H. J. L.T. Reg 24.3.56 .
Prentice, J. A. L.T. Reg 26.3.56 Asst. Exptl. Offr. (Open Competition).
Coe, P. A. (Miss) E.-in-C.O. .. 28.1.56
Tech. I to Inspecior. Jefford, J. G. (Miss) E.-mm-C.O. 8.3.56
Yeates, W. H. F. W.B.C. 16.7.55 | James, D.T. .. E.-in-C.0. 5.3.56
Roberts, A. E. .. W.B.C. 30.1.56 | Richardson, D. (Miss)..  E.-in-C.O. 6.4.56
Bell, P. J. .. W.B.C. 16.1.56 .
Roberts, R. S. .. W.B.C. 9.1.56 Asst. (Sc.) (Open Competition).
Jones, L. C. W.B.C. 2.7.55 Heard, G. I. (Miss) E.-in-C.O. 31.1.56
Sprout, E. H. L.T. Reg 30.12.55 Levett, A. L. .. E.-in-C.O. 31.1.56
Kearney, J. .. Scot. 23.1.56 Brewster, M. (Miss) E.-in-C.O. 31.1 56
Burgess, J. L. L.T. Reg 20.1.56 White, P. M. (Mrs.) E.-in-C.O. 1.2.56
James, H. E. L.T. Reg 10.1.56 Fudge, R. E. . E.-in-C.O. 1.2.56
White, H. V. .. L.T. Reg 21.12.55 Somers, A. E.-in-C.O. 1.2.56
Fisher, A. C. G. L.T. Reg 9.1.56 Jeffs, E. D. E .-in-C.O. 21.2.56
Clark, J. Scot. 26.2.56 Biggs, K. J. .. E.-in-C.O. 28.2.56
Rees, H. T. H W.B.C. 3.10.55 Donovan, D. E. E.-in-C.O. 5.3.56
Betton, F. W. L.T. Reg 19.9.55 Moore, P. .. E.-in-C.O. 21.3.56
Lewis, G. W.B.C. 17.10.55 Hodges, L. R. .. E.-in-C.O. 27.3.56
Howells, G. V. W.B.C. 12.9.55 Hoyler, J. H. (Miss) E.-in-C.O. 27.3.56
Rutland, A. P. H L.T. Reg 11.12.55 Beswick, C. A. .. E.-in-C.O. .. 4.4.56
Natt, V.. L.T. Reg 1.2.56 Gorrell, R. W, E.-in-C.O. 6.4.56
Bredemeler F. M L.T. Reg 20.12.56 Agacy, R. L. E.-in-C.O. 13.4.56
Cuthbert, T. Scot. 6.12.55
Strath, H. Scot. 8.3.66 | L-4.1toM.T.0 IIT _
Veal, B. J. .. Mid. Reg. 25.8.55 Byatt, H. A. E.-in.C.O. 6.2.56
Beasley, W. W. Mid. Reg. 18.7.55
Pickett, M. G. .. Mid. Reg. 26.9.55 T.A.1Tto T.4. 1.
Wheeler, H. F. ., Mid. Reg. 24.10.55 Fossey, G. H. .. H.C. Reg. to E.-in-C.O. 21.4.56
Fountain, A. G. Mid. Reg. .. 2.1.56 Shann, D. E. W. E -in-C.O. .. 23.4.56
Bradbury, A. N.W. Reg. .. 19.3.56 Barrett-Jolley, S. R. N.W. Reg. to E.-in- C O. 23.4.56
Croker, W. N.W. Reg. .. 19.3.56 Riches, S. J. W. Mid. Reg 23.4.56
Bath, R. E. L.T. Reg. 30.10.55 Lord, A. C. E.-in-C.O. 23.4.56
Dewar, C. G. wW.B.C. 16.7.55 North, H. E. E.-in-C.O. 23.4.56
Foulkes, W. W.B.C. 26.2.56 James, H. S. .. E.-in-C.O. .. 23.4.56
Chown, R. C. .. L.T. Reg. 29.12.55 Carruthers, W. N.W. Reg. to E. -m-C O. 23.4.56
Barrett, R. G. L.T. Reg. 9.1.56 Girling, G. R. .. Scot. to N.E. Reg. 21.4.56
Brewer, E. L.T. Res. 28.12.55 Kirkbv, T. W. E.-in-C.O. 23.4.56
Deaths
Name Region Date Name Region Date
Exec. Engr. Asst. Engr.—continued.
Miles, A. E.-in-C.O. 13.3.56 Black, J. G. N.E. Reg. .. .. 20.3.56
Inspector.
Asst. Engr. Tarkins, W. C. L.T. Reg. .. 21.2.56
Frost, F. Mid. Reg. 29.2.56 Grime, R. .. N.W. Reg. .. 19.3.56
Penn, W. E. Mid. Reg. .. 8.3.56 George, A. W. H.C. Reg. 22.3.56
Smith, A. W. N.W. Reg. .. 20.3.56 Tohnstone, D. K. Scot. 24.3.56
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Transfers

Name Region Date Name Region Date
Exec. Engr. Asst. Engr.—continued.
Forrester, H. N.I. to N.E. Reg. . 12.12.55 Lawrence, C. E.-in-C.O. to L.T. Reg. .. 29.4.56
Marriott, P. E. Nigeria (approved employ- Nash, L. C. E.-in-C.O. to Colonial Office
ment) to E.-in-C.O. . 13.2.56 (Seconded) 30.4.56
Lang, W.N. .. E.-in-C.O. to Scot. 13.3.55 Lockton, R. W. E -in-C.O. to Min. of Supply 1.5.56
Rogers, D. M. .. E.-in-C.O. to L.T. Reg. 30.4.56 Wileman, G. W. E.-in-C.O. to Min. of
Transport and C.A. 1.5.56
Asst. Engr.
Colston, 1. S. E.-in-C.O0. to Min. of Inspector.
Transport and C.A., 13.2.56 Hammon . E. C. . T. .
Cook, G. A. E.-in-C.0. to L.T. Reg. 14.2.56 ammond, A. E H.C. Reg. to L.1T. Reg 2:4.56
Hopkins, H. E.-in-C.O. to H.C. Reg. 3.4.56
Preece, J. R. E.-in-C.O. to S.W. Reg. 14456 | L.A4.1
Whittle, A. D. E -1n-C O. to L.T. Reg. 22 4.56 ‘Whitehead, R H. J. E -in-C.O. to N'W. Reg. .. 16.4.56
Retirements and Resignations
Name Region Date Name Region Date
Exec. Engr. Inspector.
Counseli, A. J. T. L.T. Reg 4.2.56 Roberts, T. W. : 9%
Benham, F. \V. LT Reg. .. .. 15556 | gooerts J.W... et Reg. To2.08
Allen, V. H. .. E.-in-C.O. (Resigned) 18.2.56 Irvine, J. Scot. . 7.3.56
Faulkner, E. B. E.-in-C.O. (Resigned) 29.2.56 Housley, R. D, N.W. Reg. .. 19.3.56
Tod, D. S. E.-in-C.O. (Resigned) 17.3.56 | pendleton, H. J. W.BC. .. 24.3.56
Millard, A. E. S.W. Reg. .. - 7.4.56 | Swann, P. E. .. S.W. Reg. .. 31.3.56
Judd, F. W, L.T. Reg 13456 | Warman, R. C... L.T. Reg. 23.3.56
Wright, J. S. L.T. Reg 16.4.56 | Kent, F. J. L.T. Reg. 6.4.56
Buckoke, S. L.T. Reg 30.4.56 | Seljars, F. N.E. Reg. 27.4.56
Wells, H. G. E.-in-C.O 30.4.56
Asst. Engr.
Richards, B. J... .. W.B.C. 8.2.56 | -Asst. Exptl Offr.
Bidgood, O. F. . S.W. Reg 10.2.56 Morris, G. E. .. .. E.-in-C.O. (Resigned) 19.1.56
Wenham, H. . .. L.P. Reg. 1.3.56 Rowley, J. W. .. .. E.-in-C.O. {Resigned) 16.3.56
Shorey, E. E. .. .. L.T. Reg. 31.3.56 Hardcastle, R. A. .. E.-in-C.O. .. .. 30.4.56
Buckland, S. R. L.T. Reg. 31.3.56
Kemp, F. G. .. H.C. Reg. 31.3.56
Vincent, C. F. .. L.T. Reg. 2.4.56 Asst. (S
Poulter, T. J. .. L.T. Reg 13.4.56 | Asst.(Se).
Pepperell, A. J. .. S.W. Reg 21.4.56 Barnacle, J. W. E.-in-C.O. (Resigned) 17.3.56
Bulloch, W. .. .. Scot. 30.4.56 Scott, J. (Miss) - E.-in-C.O. (Resigned) 31.3.56
Webb, E. E. .. LT. Reg. .. .. 30.4.56 Cummings, M. G. .. E.-in-C.O. (Resigned) 7.4.56
Sucksmith, A. V. E.-in-C.O. (Resigned) 13.4.56 Shepherd, M. B. (Mrs.) E.-in-C.O. (Resigned) 13.4.56
Wood, 1. G E.-in-C O (Resigned) 22.4.56 Groves, C. E. (Miss) E.-in-C.O. {Resigned) 30.4.56
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