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J. RHODES, M.B.E, B.Sc.(Eng.), AM.LE.E.

A new Anglo-Netherlands submarine cable of the coaxial type was formally opened in December 1947. This article gives

constructional features of the cable, a brief account of the laying operation and details of the terminal equipment. The present

capacity of the cable is for seven 12-circuit groups working in the range 24-372 kc/s for the ““ Go *’ and 456-804 kc/s for the

*“ Return ” direction, the equipment design being such that circuits are extended on 12-circuit systems in each country without
reduction to audio level at the coastal repeater stations.

Introduction.

HE Anglo-Netherlands submarine cable route

I provides a very good illustration of the

progress made in telephone transmission
during the past 25 years. Each cable laid has marked
a further step in submarine cable telephony and the
No. 6 cable recently brought into service is perhaps
one of the greatest.

The first cable, laid in 1922, was a four-core gutta-
percha cable, coil loaded at 1 naut intervals. This was
followed in 1924 by the No. 2, which was a four-
quad paper-covered double lead sheath cable with
continuously-loaded conductors of 165 1b. copper.
The cable was worked on a two-wire repeatered basis
and provided 14 circuits. The No. 3 cable was laid
in 1926 and was generally similar to the No. 2 but
incorporated a centre wire in addition to the four
quads. The route was one of the first to employ
carrier circuits, a number of 141 carrier systems being
fitted on some pairs of the No. 2 and 3 cables in 1934.

In 1937 the No. 4 and No. 5 cables were laid ; these
cables were of the coaxial type with paragutta
dielectric and had an outer conductor diameter of
0-62 in. They were the first of this type to be laid
round the British Isles. Carrier equipment was
installed at Aldeburgh and Domburg and the cables
were worked on a four-wire basis, ie. all “Go”
channels on one cable and all ““ Return ”’ channels on
the other, and provided 17 circuits. Consideration was
being given at the outbreak of war to increasing the
number of circuits by the use of high-powered trans-
mitting amplifiers and by fitting compandors on the
higher frequency channels, but apart from experiments
these projects did not materialise, and in May 1940
all cables on the route were cut.

The route was reopened in 1945 for military circuits
by the repair of the No. 4 cable followed shortly
afterwards by that of the No. 5 and No. 2 cables. The
original equipment for the No. 4 and No. 5 cables had
been used on other projects during the war and
completely new equipment was provided after the
initial military phase. The demand for both military
and civil circuits was heavy and special endeavours

were made to obtain as many circuits as possible. The
cables were again worked on a four-wire basis and two
12-circuit groups in the frequency range 12 to 108 kc/s
were fitted. Also, to utilise the frequency band
0-12 kc/s 14-2 carrier systems were fitted on a duplex
basis on each cable, thus providing a total of 30
circuits on the two cables together. The circuits on
the duplex carrier systems were, of course, the
equivalent of two-wire circuits, and since the attenua-
tion of the top channel on these systems was 39 db.
at 9 kc/s, it was necessary to obtain a return loss of
45 db. on the balance against the cable. At 108 kc/s
the attenuation of the cables is 123 db. and therefore
the signal-to-noise ratio on the higher channels was
less than the accepted standard.

The No. 3 cable has not been used since the war as it
was found to be faulty at a number of points in areas
not yet completely swept of mines, and repairs have
in consequence been impossible.

THE No. 6 CABLE

Owing to its length of 82 nauts, the Anglo-
Netherlands route is one on which it has in the past
always been difficult to provide economically all the
circuits required. The new cable has, however, gone
a long way to solving this problem since this alone
will provide 84 circuits, which is more than the five
earlier cables taken all together.

Constructional Details.

The cable is of the coaxial type but has a unique
construction with a dielectric partly air and partly
polythene. The coaxial pair is also much larger than
that of the No. 4 and No. 5 cables with an outer
conductor diameter of 1-7 in. A cross-section of the
cable is shown in Fig. 1. The central conductor is a
single copper strand surrounded by 10 copper wires
and is covered with polythene up to a diameter of
0-443 in. The inner coaxial conductor is then applied
and consists of six copper tapes, laid helically, over
which a single copper tape is applied longitudinally to
form a cylinder which after application is crimped at
approximately 1 in. intervals to make the tube so
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formed inore flexible. The longitudinal tape forms a
smooth surface for the high-frequency currents which
flow mainly on the surface of the tube. These currents
would tend to “spiral ” and follow a longer path if
the inner coaxial conductor consisted of the six tapes
only. A cylindrical rod of polythene 0-22 in. diameter
is then wound over the inner coaxial conductor to
form a helix with a lay of approximately 1 in. This
Kelix provides a support for the tube of polythene
which is next extruded over it up to a diameter of
1-7 in. Then follows the outer conductor consisting
of six copper tapes applied helically with a suitable
lay followed by two open helical lappings of wider
tape to act as binders. The remaining construction
follows conventional lines, consisting of two lappings
of tarred jute yarn to form a bedding for the armour-
ing wires which are next applied and consist of
23 No. 2 S.W.G. galvanised iron wires ; after coating
with compound, two servings of tarred jute yamn
are applied to finish off. The appearance.of the
completed cable is shown in Fig. 2. The weight of the
cable is approximately 19 tons per naut, and it is
interesting to note that the weight of the No. 2 cable
providing only 14 circuits was 23 tons per naut. The
table below gives the principal dimensions :(—

Size ‘Weight D.C.
Resistance
(in.) (Ib./naut) (ohms/naut)

Central Conductor
Inner wire .. 0068 da. .
Outer wires 0-030 dia,} 250 478
Insulation
Air-spaced type .. 0-443 dia. 845
Solid type .. 0-348 dia. 202
Inner Coaxial Conductor

. J 6 Helical tapes 0-0075 thick 248 .
Alr spaced 9 § Tongitudinal tape | 0-0075 thick 255 2:38

s 6 Helical tapes .. | 0-0075 thick 191
Solid type {1 Longitudinal tape | 0-0075 thick 202 3-05
Insulation -

. Helix 0-22 dia. 190
Air spaced {Tube 17 dia 4,030
Solid type 17  da. 5,240
Outer Coaxial Conductor
6 Helical tapes .. .. 0-015 thick 1,885
2 Binding tapes .. . . | 0004 thick 846

The shore ends to a distance of approximately
4 naut out to sea and also the land extensions to the
terminal repeater stations on each side have a solid
polythene dielectric. In order that these sections of
the cable shall have the same characteristic impedance
as the main section, the inner coaxial conductor has
been reduced in diameter by approximately 20 per
cent. The land sections of the cable are protected by
steel tape armour. From the terminal repeater
stations to the end of the shore ends approximately
4 naut out to sea, the outer conductor is insulated by
an extruding of polythene to a thickness of 0-1 in.
The main coaxial pair so insulated, together with the
armouring wires. thus form a double coaxial con-
struction. This was adopted to reduce external
interference, since extraneous land currents are
prevented from flowing in the outer coaxial
conductor, and in addition the armouring provides a
partial screen against interference by radio signals

2

which often give trouble on land extensions of sub-
marine cables owing to the very low incoming signal
levels at these points.
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Fi1G. 1.—CRross SEcTIONS OF THE THREE PARTS OF THE CABLE.

Since the cable has an air space it has been necessary
to provide stoppers of solid polythene at approxi-
mately 750-yard intervals to prevent water flowing
along the whole length of the cable when a fault
occurs. The signal currents are carried on the inner
and outer conductors, the centre wire not being used
for communications purposes, but during the manu-
facture and works tests. The characteristic impedance
of the cable is approximately 60 ohms and the
attenuation after laying is shown in Fig. 3, on which
the attenuation of the Nos. 4 and 5 cables is also
given for comparison.

The Laying Operation.

The land sections of the submarine cable were laid
out well in advance of the main operation and
terminated in each repeater station ready for the
shore ends. The shore end at Aldeburgh was laid ‘on
the 11th October, 1947, by H.M.T.S. Alert, which was
able to get close to the shore at Aldeburgh, and the
cable was floated ashore on barrels drawn firstly by a
lorry and later by a winch when the pull became too
great. The Alert then steamed seawards and lad
approximately two nauts of cable and then cut and
buoyed the end. The joint between the land section
and the shore end was made the following day. The
operation was repeated on the Domburg side on the
15th October, but in this case, owing to shallow water,
nine nauts of cable were laid out before cutting and
buoying. The laying of the shore ends in advance was
necessary since the larger ship required for laying the
main section of the cable would not be able to come
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the second international high-frequency system
between this country and the Continent carrying
12-channel groups from London to distant terminal
stations on the Continent, the first system being the
London-Dover-Calais-Paris circuit. The experience

obidined in the maintenance measurements on this
/Xrlier system has been of very valuable assistance in

determining the procedure to be adopted on such
Systems, and the results on this new system will be
watched with interest.

Lining Up and Overall Tests.

After completion of the tests on the cable, the
terminal equipments were connected and lining up
commenced. The first stage was that of adjusting the
submarine system bays for levels and equalisation
and was carried out by sending H.F. tones over the
system from the input of the submarine system bays.
When all the necessary adjustments had been made
on these bays the group and supergroup translating
equipment was connected and adjusted to the
standard levels of —8 and —37 db. at the G.D.F.

Channel equipment was then connected to each
12-circuit group in turn and the system was checked
for radio and other extraneous noise. None could be
detected on any channel, although, as a more stringent
check, the received gain was temporarily increased
from 75 db. to 95 db. Psophometric noise measure-
ments with the system idle were.then taken at both
ends on each of the 84 channels. The figures on the
highest group at Aldeburgh, the most severe direction,
are given below.

Static Noise at a Point of Zero Level.

Channel 1 2 3 4 3 6

Noise Voltage |0-63|0-63|0-63|0-37|0-63!0-63
(Millivolts P.D.)

Channel 7 8 9 101 11 12
Noise voltage 0-57 10-37 10-57 | 0-57 | 0-57°] 0-37
(Millivolts P.D.)

This corresponds to a signal-to-noise ratio of approxi-
mately 62 db.

The system was next tested for intermodulation.
The first test was made by transmitting over the
system a number of pure tones at normal test level
and measuring the noise on the channels in which the
second and third intermodulation products of the
tones would fall. The second test was rather unusual.
Due to the fact that two 12-circuit groups are working
on the Nos. 4 and 5 cables, it was possible to obtain
a sample of live traffic being carried over one of these
groups. Arrangements were made to leak off the

signals by means of a high impedance tap, amplify
them to normal level, and then lead them via a six-way
branching network over six of the seven groups of the
new system. This was carried out at Aldeburgh and
at Domburg, the *“ Go " of each group was looped to
the “Return.” Psophometric noise measurements were
then taken on each channel of the seventh group.
The tests were repeated until all combinations of six
out of the seven groups had been loaded. The test
can be regarded as very much more severe than normal
conditions of traffic in which the speech peaks over
the six groups would have a more random distribution,
but in no case did the noise figures exceed 1 mV P.D.
at a zero point.

On completion of the tests at the two coastal
terminal stations, lining up of the through 12-circuit
groups was commenced from London. The initial
allocation of the groups is three London—Venlo groups,
three London—Rotterdam groups and one Aldeburgh-
Rotterdam group. The twelve circuits on the latter
group are extended to London on audio cables, the
reason for this being twofold, namely it enables the
maintenance staff at Aldeburgh, which is the sub-
marine system control station, to monitor the
channels, and secondly, it provides a small measure of
alternative routing in this country in the event of a
fault on the inland carrier cable.

The cable was formally opened on the 11th Decem-
ber, 1947, when simultaneous ceremonies were held
in London and the Hague, and the Postmaster-
General exchanged greetings with the Director-
General of the Netherlands Administration.
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Notes on the Exponential
Distribution in Statistics
U.D.C. 519.2: 621.385.1

N.AW.ELEWIS, ph.D. (Eng). M.LEE.

Written in terms of the life statistics of electronic valves, the article gives some elementary notes on the exponenﬁai
distribution and indicates its relation with the Poisson distribution.

Introduction.

EW text-books on probability or statistical
Ftheory devote much space to the exponential
distribution or indicate its relation with the
better-known Poisson distribution.! Yet the subject
is of practical importance and some elementary notes
on it may be of interest to students. It is not pro-
posed to offer a rigorous mathematical treatment but
merely to consider the more practical aspects in terms
of a particular application, the life-distribution of elec-
tronic valves. This choice of theme was suggested by
the fact that a recent study of life-records of a certain
type of valve used under continuous service conditions
in line transmission equipment showed that the
distribution of life was approximately exponential.
Such an unexpected result, valve lives being generally
assumed to tend towards normal. distributions,
aroused interest in the various 1mp11cat10ns of the
exponential distribution.
The actual results for about 700 valves of the type
mentioned are shown by the dotted points in Fig. 1
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and the corresponding theoretical exponential dis-
tribution is shown by the smooth curve. An
‘“ arithmetic probability ”’ scale is used to indicate
the departure from a mnormal distribution, which
would have appeared as a straight line. It will be
shown later that the exponential distribution meant,
in effect, that the valves failed at random. The
practical importance of this conclusion is that it
implied lack of control, probably in the conditions of
service or rejection of the valves. Further investiga-

Doust and Josephs, P.O.E.E.J., Vol. 34, p. 139.
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tion and corrective action were thus shown to be
necessary in the interests of economy and reliability
of service.

Although the discussion is restricted to this one
somewhat academic application, the principles will
be understood to apply also to a wide variety of
other subjects.

Exponential Distribution.

In its simplest form, the exponential distribution
is given by :

1
p(t)= T €yt

where e is the base of natural logarithms, T is a
time-constant (the mean life) and t is a time-variable
which may be given any positive value between zero
and infinity. The interpretation of this equation may
be indicated by writing :

p('r) -dr =(,}, -e"’/T) dr

to show that the differential probability p(r)-d of,
for example, a valve failing at some instant between
t=r and t=r-+dr (having been in service since zero
time) is given by the area of a segment under the
curve, as illustrated in Fig. 2.

?
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€
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Fi1G. 2.—EXPONENTIAL DISTRIBUTION.

The probability of a valve failing at some instant
between t=0 and t=r is given by :

T
S:l[;.e—t/ L.dt = ]—eiT

[=]

This expression represents an * expi curve
showing the probability of the life of a valve being
less than any given value. Valve-life statistics are



more commonly expressed, however, by a *“ survival ”’
curve showing the probability of a valve exceeding any
given life. This is the simple complement of the
“ expiry *’ curve, i.e. e/T, )

It will be seen that the exponential distribution has
only a single parameter, the time-constant T. This
is equal to the mean life because, in the usual form :

T n T\ t-dt («». Letr)dtlt
[y flGe

Also, T is equal to the standard deviation of the
distribution because :

KG -e‘t/T) (t—T)2-dt;,

Table 1 gives a number of points on the generalised
exponential ‘‘survival”® curve. It shows, for
example, that if the lives of valves follow an
exponential law only 36-8 per cent. of a batch may
be expected to survive the mean life of the batch,
and that 39-3 per cent. may be expected to fail within
half the mean life.

( « 1/2

(Lt dtT —T
S

o

TABLE 1

Proportion of mean life Probability of survival
0-020 1-00 0-98 0-368
0-051 1-20 0-95 0-30
0-105 1-50 0-90 0-223
0-223 1-61 0-80 0-20
0-358 2-00 0-70 0-135
0-500 2-30 0-607 0-10
6-510 3-00 0:60 0-05
0-693 3-92 0-50 0-02
0-916 4-60 0-40 0-01

The undesirability of the exponential distribution
may be emphasised by considering the case of a
valve manufacturer asked to guarantee that not
more than 5 per cent. of his valves shall fail before
giving 10,000 hours’ (1-14 years) continuous service.
If he assumed an exponential distribution, he would
have to design his product for a mean life of no less
than 1-14/0-051=22-4 years. He might, however, be
encouraged by the reflection that about 1 per cent. of
the valves could be expected to outlive 22-4X4-60
years—more than a century !

Fig. 2 shows that a valve is more likely to fail
during any given interval than during any equal
later interval, or in other words a valve is more
likely to *“ die young.” This does not mean, however,
that there would be any advantage in applying a
pre-service ageing process, i.e. in operating a batch
of valves for some period under dummy-load con-
ditions to eliminate short-lived individuals. To make
this clear a simple numerical example is given in
Table 2, showing the results to be expected from a
batch of valves having a mean life of two years.

The last column shows that although 39-3 per cent.
of the batch would be eliminated by a one-year pre-
ageing process, still 39-3 per cent. of the survivors
would fail during the next year, and so on.

TABLE 2

Number surviving | Number failing during { Number failing during
at end of year, year, expressed as year, expressed as
Year | expressed as propor- | proportion of whole | proportion of number

tion of whole batch batch surviving :;te beginning
1st -607 1-00—-607=-393| -393/1-00= -3‘93
2nd 368 607 —-368=-239| -239/-607=-393
3rd 223 -368 — 223 =145 -145/-368=-393
4th -135 223 —-135=-088| -088/-223=-393

An alternative form of expression of this charac-
teristic of the exponential distribution, indieating its
random nature, is that the probability of a valve
failing is independent of the length of time it has
already been in service. For example, the probability
that a valve which survives until noon on one day
will fail before ‘noon on the next day is constant,
determined only by the parameter T.

Another conclusion that may be drawn from the
foregoing is that the practice of replacing working
valves by new ones at fixed intervals is useless as a
means of reducing the risk of failing in service,
assuming that the valves would follow exponential
distributions if undisturbed.

Relation with Poisson Distribution.

Considering a set of points distributed individually
and collectively at random along a line, with an
average of k points per unit length, it may be shown
that the probability of exactly r points occurring in
any line-length of x units is given by the Poisson
distribution :

P (r, x} = (kx)"-e~*/r |
A full discussion of the significance of the phrase
“individually and collectively at random "’ has been
given by T. C. Fry?, but for the purpose of these
notes it may be taken as meaning simply ‘‘ entirely
at random.”

The points on the line may be regarded as a series
of events occurring at random instants along the
axis of time, with a mean interval T between con-
secutive events. Then, writing t instead of x, and
1/T instead of k, the Poisson distribution becomes :

P(r,t) = (t/T)e¥r!
giving the probability of exactly r events occurring
during any period of length t.

The differential probability of an interval of length
t to t+4dt occurring between consecutive events is
given by the product of the probability of no events
occurring during a period t and the probability of
one event occurring during a period dt, i.e.:

p(t)-dt =P(0, t) x P(1, dt)
. = e YT X (dt/T)-e™%/"
which becomes, in the limit, the equation of the
exponential distribution, viz. :
1

P(t) =—p-e

#Probability and Its Engineering Uses. D. Van Nostrand,1928.
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The random nature of the exponential distribution
is thus again indicated by the foregoing demonstration
that the intervals between consecutive random events
are distributed exponentially. The converse is not
necessarily true, but if, for example, a single-valve
amplifier is kept in continuous service with a batch
of Valves of exponential life-distribution, each valve
being left in service until it fails, then the successive
replacements may justifiably be assumed to be a
series of random events following a Poisson distribu-
tion.

Alternative Causes of Failure.

Consider a batch of valves of which each individual
is liable to fail from two alternative causes, e.g.
““ emission failure ”” and ‘“ heater failure,”” and assume
that each cause operates independently in accordance
with an exponential distribution, the time-constants
being T, and T, respectively. Then the overall
life-distribution, combining both causes of failure,
will also be exponential with a mean life—

T= Tl T2/(T1+Iz)-

The number of valves expected to fail from each
cause will be inversely proportional to the respective
time-constants, i.e. the life-records of the batch
would be expected to show a proportion T,/(T,+T,)
of emission failures and a proportion T,/(T;+T,) of
heater failures. It is to be noted that a separate
analysis of the lives of valves recorded as failing
from either cause would show the same exponential
distribution (with mean life T) as would analysis of
the whole batch. .

In general, for n alternative causes of failure, of
time-constants T,, T, ... T, the overall time-
constant is given by :

n
T=1/>1/T.
r=1

As another simple illustration, consider the inci-
dence of faults due to valve-failures in a 3-stage
amplifier, assuming that each of the three valves is
kept in service until it fails and is then replaced by a
new one. If all the valves have an exponential life-
distribution with a mean life of two years, the intervals
between consecutive faults will be distributed ex-
ponentially with a mean interval of eight months,
and the faults may therefore be expected to follow a
Poisson distribution with an average of 1-3 faults per
year.

Combined Life of a Group of Valves.

Each amplifier-stage of a submerged repeater may
be provided with three valves used successively, the
second being switched into service when the first fails,
then the third when the second fails. The total life of
the stage is therefore the combined life of the group
of three valves. It is unlikely that the lives of
submerged-repeater valves will follow exponential
distributions, but the problem of finding the combined
life-distribution of such groups is of more general
interest because of its similarity to the elementary

sampling problem of finding the distribution of the
means of a series of samples each containing three
valves.

The effect of grouping valves of exponential life-
distribution may be demonstrated in a simple form
by making use of the relation with the Poisson
distribution. In general, the differential probability
that the combined life of a group of n valves will fall
between t and t-+dt is given by the product of the
probability of n—1 failures occurring during a period
t and the probability of one failure occurring during
a period dt, i.e. :

pt).dt = P(n—1,t) x P(1, dt)
which leads to the results shown in Table 3.

TABLE 3
Combined hife of group of n valves
n
p(t) Mean | Standard deviation
1 1 e-t/T T T
. T
1
2 g tetiT 2T 42T
1 .
3 ﬁ'tz-e—t/ T 3T ,\/3'1‘
1
__g8.e—t/1 ’ s
4 FT% tee-t/ ' 4T 2T

These distributions, shown plotted in generalised
form in Fig. 3, afford a striking demonstration of the
fact that the distribution of the means of samples
taken from almost any non-normal population tends
to become normal as the size of sample is increased.
It will be seen that even a group of three shows
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Fi¢ 3 —COMBINED LIFE OF GROUP OF VALVES.—
DISTRIBUTION CURVES

considerable progress in the evolution from the
original unsymmetrical exponential curve towards the
symmetrical bell-shaped curve of a normal distribution.
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ment has been developed for the direct measurement
of very small Tmpedance irregularities in cables
intended for television transmission.

SiMpLE FauLt LOCATION.

The principles of fault location using the pulse
technique will be described with reference to the
instrument developed in 1942 (Fig. 2). A block
schematic diagram of the arrangement of the test
circuits with the faulty cable is shown in Fig. 3, and

“SERIES” “SHUNT"
FAULT FAULT

GENERATOR 1 Zot Zo Zoi

RECEIVING
AMPLIFIER

3
;

CATHODE
RAY et
(OSCILLOSCOPE

F1c. 3.—ARRANGEMENT OF TESIING EQUIPMENT.

Fig. 4 shows the general appearance of the voltage
waveform across the sending end of a faulty cable.

The transmitted pulses S, S! are equivalent to
connecting a 1-volt battery through 75 ohms to the

t ® R 1
R <

wt ! ﬂ

§° /L

j' Ry TIME ——>

s, st—SUCCESSIVE TRANSMITTED PULSES.
R;,—RECEIVED PULSE FROM SERIES FAULT.
Ry—RECEIVED PULSE FROM SHUNT FAULT.

Re— RECEIVED PULSE FROM FAR-END OPEN-CIRCUIT.

F16. 4.—VOLTAGE WAVEFORM AT SENDING END OF CABLE.

cable for about 3 microseconds, with intervals of
about 90 microseconds during which the E.M.F. is
short-circuited. The resulting 3-microsecond D.C.
pulse travels along the cable at nearly the speed of
light and is partially reflected by any series resistance
fault in the conductors or by any shunt leakage fault
across the dielectric. If the cable is open- or short-
circuited at the far end, a complete reflection of the
pulse occurs there. The time delays of the echo
pulses (R) can readily be measured with the help of
a suitable time-base on a cathode-ray tube. The
distance of the fault is then obtained by comparing
the echo times from the fault and from the far end of
the cable, or, if the velocity of propagation on the
cable is accurately known, by the echo time from the
fault alone.

It is helpful for understanding the mechanism of
reflection at an impedance change to consider a
“ unit-step ”’ voltage applied to a cable having a

14

FAR-END
TERMINATION

Ze
ot = Mm y
SIGNAL > - R -

single sudden change of characterisuc impedance, as
shown in Fig. 5 (a). Since the characteristic impedance
of a coaxial cable approximates to a constant

Tesistance at all frequertcies, each section of the cable

could be properly terminated by an appropriate
resistance. Let the far end of this cable be terminated
in this way by the resistance R, = Zg, as shown, and
let the ‘ unit-step ”’ voltage be applied by suddenly
switching on a 1-volt battery through a resistance
R, = Zy, to the near end of the cable as shown in
Fig. 5(a). Immediately after the switch has
been closed, and before the voltage wave has
had time to travel as. far as the impedance
discontinuity (B), conditions at the sending
end A may be represented by the equivalent
circuit of Fig. 5 (). It is clear that the voltage
across the cable input terminals is 0-5 volt.
Now consider the situation a long time after the
closing of the switch—long enough for all transient
waves to have subsided and for the final steady-state
to be established on the whole cable length. Assuming
that the D.C. resistance of the cable is negligible,
the steady-state equivalent circuit is evidently that
shown in Fig. 5 (c), from which the voltage at A must
be Zys | (Zgy + Zgp) volt. If the cable is loss-free at
all frequencies, and has an air dielectric, then all
disturbances are propagated along it without dis-
tortion and at the speed of light. The voltage at A
as a function of time takes the form shown in Fig. 5 (d),
commencing at 0-5 volt and jumping suddenly to the
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value Zg, [ (Zy, + Zy) at the moment the reflection
from B arrives back at A. The resultant waveform at
A may thus be expressed as the sum of the direct wave
of 0-5 volt and a reflected wave given by
Zos | Zoy+Zoo) — 12 = $Zos—Zg1) | (Zoy+Zgo) VoI,
as shown in Fig. 5 (¢). The reflection coefficient of
the mismatch at B is defined as the voltage ratio of
this reflected wave to the direct wave :
Zoy—Zy
Zog+Zos

The * return loss ”’ at the mismatch point is defined
as the decibel equivalent of the voltage reflection
coefficient :

Reflection coefficient =

201+Zgz
Zop—Zn

"The reflection coefficient can have a, positive or
negative sign, according as the second cable has the
higher or lower impedance. The return loss is of
course always positive or zero.

Since a rectangular pulse may be considered as the
voltage difference of two ‘‘ unit-step ** waves displaced
in time by the duration of the pulse, it is readily seen
that the above laws of reflection apply equally to
pulses, under the same condition of zero cable loss.

In practice, of course, the cable losses are not
negligible, and the attenuation constant, expressed in
decibels per mile, increases very nearly as the square
root of the frequency, being of the order of four
decibels per mile at a frequency of one megacycle
per second for present types of long distance coaxial
cable. When the short test pulses are repeated
continuously, as they must be to give a flicker-free
picture on the cathode-ray tube display, the resulting
periodic waveform may be shown by Fourier’s theorem
to contain the fundamental and all the harmonics of

Return loss = 20 log;,
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"1 JLE.E. (III), Nov. 1946, p, 395.

the pulse repetition frequency, at amplitudes which
remain important up to a frequency (e.g. in c¢/s or
Mc's) about equal to the reciprocal of the pulse-
length (in seconds or microseconds respectively). The
spectrum of the transmitted pulse employed for the
fault locator is shown in Fig. 6 (2). Clearly this
spectrum will suffer considerable distortion after
transmission through 10 miles of cable (see Fig. 6 (b)),
and the shape of a pulse reflected from an impedance
mismatch five miles away must therefore also be
considerably distorted.

In principle, the new pulse shape is computed by
synthesis from the new values of the Fourier com-
ponents as modified by the cable attenuation. For
cables obeying the attenuation law above, however,
a general expression has been found! for determining
the pulse distortion directly. A number of typical
cases are shown in Fig. 7.
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Fi1G. 7.—DiSTORTION OF PULSE DUE TO CABLE ATTENUATION.

Such pulse distortion could be largely overcome by
the introduction of a suitable attenuation equaliser
either at the pulse signal generator output, at the
receiving amplifier input, or incorporated in the
ampiifier itself, though such equalisation could not
be satisfactory for echoes from all ranges simul-
taneously. For practical fault-locating purposes on
existing coaxial cables pulse-equalisation has not been
found essential. -

In considering the mechanism of reflection above
with reference to Fig. 5, it should be noted that the
magnitude of the reflected wave does not depend on
the nature of the impedance Zgy, which. may, for
example, consist of a series or parallel combination.
of another cable of impedance Zy; with an impedance
totalling z in series or Z in parallel—thus representing
the ““ series” and “ shunt” faults on an otherwise
uniform cable as in Fig. 3. The corresponding
reflection coefficients then become z | (z + 2Zy) and
—Zg; | (2Z + Zgy,) respectively. It may be noted that
a 7-5 ohm series fault or a 750 ohm shunt fault on a
75 ohm cable would each produce a return loss of
26 db. at the point of reflection, whereas each would
cause at most a fransmission loss of 0-5 db. to normal
steady signals. .
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Equipment.

It was for faults of this order of magnitude that the
original Cable Fault Locator was designed. The other
major requirement was a range-accuracy sufficient to
locate a fault to within one joint-length (176 yards)
of cable. The instrument was to be used primarily on
the standard 75 ohm main cable, and was to be
portable and of low power consumption.

Since the transmission time once to and fro over
a single joint-length of cable is just over one micro-
second, a pulse-length of one microsecond would be
desirable to obtain a clear reflected pulse from a
fault at the first joint away from the testing point.
But as such a fault can be located with sufficient
clarity even when the echo is superimposed upon the
transmitted pulse, the length of the latter has been
made 3 microseconds, to gain the advantage of clearer
echoes from long-distance mismatches.

The realisation of the necessary range-accuracy
depends, apart from the limitation set by pulse-
distortion at long range, entirely upon the degree
of expansion and the accuracy of measurement or
calibration of the timebase on the cathode ray tube
display system. Two types of display are provided
on the fault locator, namely, a linear timebase with
conventional ““ Y-deflection ” for the pulse waveform,
and a circular timebase with brightness modulation.
Both timebases are of the straightforward con-
tinuously running type, the main object of the
circular display being the inherent 3-to-1 expansion
of scale-length obtained, and the simplicity combined
with reliability of the range measurements.

The essential circuit of the fault locator is shown in
Fig. 8. In operation, the 11-1 kc/s oscillator V1

d/dt’
COUPLING

= OSCILLATOR

SQUARER AMPLIFER
3 -

SE

PUL!
SE&ECTOR

- coupling circuit.

73

*“ differentiating ”’ the sinusoidal voltage from the
oscillator. Squaring is caused by overdriving an
amplifier valve V2, and differentiation by passing the
square wave through a short time-constant C-R
(An ideal differentiating circuit
would produce an output voltage which varies with
time according to the differential coefficient with
respect to time of the input voltage. The circuit used
gives an adequate approximation to this performance.)
The resulting alternate positive and negative pulses
are amplified sufficiently in V3 so that only the
positive-going pulses are effective in controlling the
output valve V4, which therefore feeds only negative-
going pulses to the cable on test. To match the cable
and thus to absorb any incoming echoes and to prevent
their reappearance as spurious ‘‘ fault ” echoes after
a second passage to and fro along the cable the
effective load of this valve is approximately 75 ohms.
The receiving amplifier consists of two parts, both fed
from the cable terminal. The first part, consisting of
the three valves V3, V6 and V7, amplifies pulses from
“series "’ type faults to modulate the instantaneous
spot-brightness of the cathode-ray trace while the
circular timebase is in use. The mean brightness is
adjusted so that no trace is visible except at the
positions on the CR tube corresponding to the trans-
mitted and the echo pulses. The second part of the
receiving amplifier, which is used only in conjunction
with the linear timebase display, is formed by the two
amplifier stages V8 and V9 incorporated in the
double-beam oscilloscope—the two stages being
connected in cascade to the “Y1” beam for this
purpose by the selector switch on the instrument.
When the circular timebase is in use, these same two

CABLE

ye Q

AMPL%FIER

AMPI*JFIER

y ¢
LINEAR TIMEBASE

Fic. 8. —Circuit oF CaBLE FAULT LOCATOR.

controls the rate of trangmission of.the pulses and
also provides the timebase drive voltages for the
circular display via the two phase-shifters of +435° and
—45° respectively ; the 3 microsecond transmitted
pulse is obtained by “squaring” and then
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amplifier stages are employed to amplify the two-
phase sinusoidal voltage from the phase-splitter, the
two outputs then being separately connected via
suitable switches directly to the “X " and “Y1"”
plates of the CR tube, as indicated in Fig. 8. The



linear timebase is provided by valves V10, V11 and
V12 incorporated in the oscilloscope, synchronism
being ensured by the trigger voltage obtained from
the cable terminal as shown.

In normal operation, the equipment is preferably
connected directly to the cable terminal and initial
observations made on the linear timebase display.
After a fault has been identified, the circular timebase
display is brought into use to obtain an accurate
location, either in terms of actual echo time-delay
in microseconds as read off the circular scale, or from
the ratio of the delays of the fault echo and the echo
from the far-end of the same or another cable of
known length (of the same type).

Experience has shown that the required accuracy
can be realised if the fault is not too small in
magnitude. An open-circuit can be fixed within one
joint length at 10 miles range. The sensitivity is
sufficient to reveal a 5 ohm series fault or a 1,000 ohm
shunt fault at this range. Intermittent faults both
in cable joints and in terminating units have been
located with this equipment—feats that would be
impossible by any of the older methods.

CABLE IRREGULARITY MEASUREMENT.

As the sensitivity of the test equipment is increased,
very small echoes are revealed in a cable which would
normally be considered fault-free. These echoes are
due to small impedance irregularities, inherent in the
mechanical construction of the cable. They may be
randomly scattered along the length of the cable or
they may recur at regular intervals set by some
characteristic of the cable-making machinery. An
important periodic type of irregularity is that
occurring at the joints between adjacent drum-
lengths of cable. This particular irregularity can be
of two kinds. Thus if the adjacent drum-lengths have
different characteristic impedances, no design of joint
apart from a dissipative network or an ideal trans-
former can eliminate the mismatch over a wide range
of frequencies. On the other hand, even if the adjacent
drum-lengths have identical impedances, an imperfect
joint design will introduce a lumped reactance, pro-
ducing an echo of increasing importance at high
frequencies.

Experience to date suggests that the randomly
spaced irregularities occurring within drum-lengths
also behave largely as lumped reactances, indicating
that the physical deformations causing them occupy
relatively short lengths of cable, though this may not
prove true for all types of cable design.

Although echoes of these types may be individually
negligible, their likely occurrence throughout some
hundreds of miles of cable will result in spurious
signals being received at the end of the system (due
in fact to double echoes between pairs of irregularities
or between irregularities and terminations). The
measurement of the individual echoes therefore
becomes important, particularly if the cable is to be
used for frequencies above 3 Mc/s.

Equipment.
Since several irregularities can occur within one
drum-length of cable, the testing pulse must be of

short duration, considerably less than 1 microsecond,
so that the separate echoes can be resolved. A D.C.
pulse of such a short length will, however, be
appreciably distorted, even for a cable somewhat
larger than § in. diameter. For example, if the time
scale is divided by 10 in Fig. 7, the same curves are
correct for a 0-3 microsecond pulse on a cable of about
1-2 in. diameter. = More important reasons for
abandoning the D.C. pulse in favour of a pulse of
high-frequency carrier are (a) the fact, already noted,
that the cable irregularities behave mainly like lumped
reactances and therefore produce stronger echoes for
high frequency pulses, and (b) the simpler correlation
of cable test results with system performance when
frequencies of the same order are employed for
testing as for ultimate operation.

An improved equipment has been developed for the
purpose of measuring the individual irregularities,
under conditions that can be readily correlated with
those obtaining in long distance television relay
systems. The output from this equipment consists of
0-3 microsecond pulses of a 20 Mc/s carrier. The peak
amplitude is about 1 volt as before, the interval
between pulses being about 500 microseconds. The
transmitted frequency spectrum is similar to that
shown in Fig. 9. Echoes received 1 microsecond or
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F1G. 9.—SPECTRUM OF FREQUENCIES TRANSMITTED FOR THE
MEASUREMENT OF CABLE IRREGULARITIES.

more after the transmitted pulse, and of amplitudes
down to about 90 db. below it, can readily be measured
to within 2db. Echoes from all joints at normal
spacings, and several echoes from cable irregularities
between such joints, may usually be clearly resolved
and independently measured.

Fig. 10 illustrates the voltage waveform at the end
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S—TRANSMITTED PULSE (SATURATING BY 60 DB.)
R, ErC.—EcHO PULSES FROM JOINTS AND IRREGULARITIES.

F1G6.10.—VOLTAGE WAVEFORM AT THE SENDING END OF CABLE.

of the cable, as observed through a high gain, high
frequency amplifier. In the equipment itself, this
waveform is rectified and further amplified so that
the final observations are made on D.C. pulses as in
the fault locator.
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Principles of Overhead Line

Construction
U.D.C. 621.315.17

P. R. GERRY, AMIEE.

A description is given of the present-day design standards which affect the stability of an overhead line. The standards
are compared with those published in the 1894 issue of Technical Instructions, XIII.

Introduction.

IGIDITY and stability are essential features
Rof a satisfactory pole line. Lack of stability

upsets the symmetry of the open wires and
this leads to crosstalk or inductive interference
between the circuits and causes excessive stresses in
the wires and/or cable on the poles. To construct lines
which would remain stable under all conditions would
be uneconomic and design standards for Post Office
lines have always sought to provide reasonable
stability under normal conditions only, and, when
abnormally severe conditions occur, for the damage
to be restricted, as far as practicable, to the more
easily replaced plant.

The design standards in use at the present time have
emerged from experience over many years. The orig-
inal standards were published as circulars, each of
which generally dealt with one particular aspect of the
work. The growth of overhead line work and the
consequent need for standardisation resulted in a
large number of ciréulars being issued. In 1894, the
information in the circulars was collected and
published in book form—the first issue of Technical
Instructions, XIII. A description of the design
standards which affect line stability and which were
included in the 1894 publication is given in the following
paragraphs with details of the present-day standards.

Wind Pressure.

The principal stress concerned in the selection of
suitable poles is the wind pressure on the wires, cables
and poles which must be balanced by the resisting
moment of the unstayed poles. The earlier standard
specified that, for normal situations, a maximum
pressure of 17 lbs. per square foot of exposed surface
should be assumed, the effective area of the wire,
cable or pole being taken as two-thirds of the diameter
multiplied by the length. Since the introduction of
this standard experiments have been carried out in
the wind tunnel at the National Physical Laboratory
as a result of which it was found that, for cylindrical

surfaces,
P = KV2D
where P = the pressure in lbs, per foot,
K = a coefficient whose value depends on the
product VD,
V = the velocity of the wind in miles per hour,
D =the diameter, in inches, of the wire, cable
or pole.

This formula is used in present-day design work.
The value of V varies according to the degree of
exposure of the line which is classified as sheltered,
normal, or exposed, and for each classification the
following maximum wind velocity is assumed :—

Sheltered situations 40 m.p.h.
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Normal situations, i.e. ordinary
inland,undulating orlevel country 60 m.p.h.
Exposed situations such as coast
roads or elevated moorland 80 m.p.h.

The value of D is taken, in all cases, as the full
diameter without ice.

The total wind pressure per foot on all wires and
cables is multiplied by the number of feet in adjacent
half spans to give the total pressure imposed on a
single pole. This value is then converted into a
bending moment by being multiplied by the height
above ground of the resuitant point of the wind load.
The wind pressure per foot in lbs. on wires of various
sizes, and for normal situations, calculated on 1894
and 1948 standards is shown in Table 1.

TABLE 1
Wind Pressure on Wires 1n 1bs. per foot run for Normal Situations.

S—
S“,Zv‘zrgf 40 1b. 70 Yb. 100 Ib. 150 Ib. 200 Ib. 300 Ib. 400 Ib. 600 Ib. 800 lb.

1894 ‘047 062 -075 002 -106 130 ‘149 -182 .211
1948 ‘037 -050___-062 077 091 116 ‘134 -168  -197

Considering the additional data that have become
available since the earlier standard was introduced,
the disparity between the values for the two standards
is surprisingly small.

No variation in the 17 lbs. per square foot pressure
was employéed, in 1894, for sheltered or exposed lines.
The reduced or increased wind pressure was -allowed
for by adjusting the factor of safety for the poles.

Bending Strength of Poles.

The bending strength of poles is now expressed in
terms ‘of resistance moments, i.e., fibre stress multi-
plied by the section modulus. The calculated moment
at which the pole would fail is divided by 3-5 and
then reduced by a value equal to the bending moment
on the pole itself due to a wind of 80 m.p.h. striking
its surface ; the resulting resistance moment for all
poles (i.e., the safe working value) is published in
tabular form as shown in Table 2.

In 1894, the bending strength of poles was expressed
in cwt. for cylindrical beams of various diameters
from 6 to 20 in., and 1 ft. in length. The break-
ing stress of an actual pole was found by dividing the
value given by the distance, in feet, from the ground
line to the resultant load point.

The main difference between the old and new
standards is in the factor of safety employed. The
value of 3-5 used now is considered sufficient to allow
for the usual irregularities in timber of pole form and
also for some deterioration in strength due to decay.
The 1894 instruction, however, read as follows :—

““ For poles upholding wires on roads or railways a
factor of ten (10) may be considered as providing
sufficient margin. . . . For special cases where wires are



TABLE 2
MoMENT OF RESISTANCE OF PoLES

on main through lines which will ultimately
carry the maximum number of wires, 30

" - poles to the mile (55-60-yard span) should

Class Safe Moment of Resistance (in Ib.-t.) be catered for. But the number of poles
Pof Length of Pole in feet. to the mile, or, in other words, the length
ole of the span, depends very much on th

. 1620 22 24 26 28 30 32 3¢ 36 45 » Cep Ty €
50 character of the road, the obstacles to be

Light 3,800 4,300 4,900 5400 5300 6400 6300 6,900 7,300 7,200 6300 5800 encountered, etc. Thus, in very exposed
Medium —  — 9,000 9,800 10,600 11,200 12,000 12,700 13,200 12,700 14,500 12,360 Places or on sharply curving roads the sup-
Stout 15200 20,400 22700 52,500 53,500 24000 25,000 pizop  POTts must necessarily be more numerous

erected on lofty heights or where they are exposed to
excessive transverse stresses, necessary allowance must
be made. On the other hand, when so placed as to be
sheltered from wind effects, the factor may be reduced.”

The following extract from the same instruction
demonstrates the effect of the high factor of safety.
‘* Light poles to be used for from 1 to 5 wires.

Medium poles to be used for from 6 to 10 wires.

Stout poles to be used for above 10 wires.

Care should be taken in every case to see that the
authorised factor of safety is maintained.”

Buckling Strength of Poles.

This factor need be considered nowadays only when
the line is to carry an aerial cable. The downward
thrust imposed on angle and terminal poles by the
combined effect of the tensions in the suspension wire
and in the stay wire may be sufficient to cause the
pole to buckle. The present-day methods of deter-
mining the imposed buckling load and the buckling
resistance of poles have been dealt with in detail in a
previous article.!

The only mention of buckling in the 1894 instruction
reads :—

‘“ Poles at sharp angles should have sufficient diameter
to prevent buckling should the stay or strut not act
exactly at the resultant point.”

The use of high tensile steel suspension wire was
obviously not envisaged in the earlier instruction, but
even if such wire had been used it would not have been
necessary to consider buckling stresses because poles
having a factor of safety of 10 for the bending stresses
would have had ample buckling resistance.

Length of Span

In present design span lengths are made as uniform
as practicable. For open wire main lines a span length
of 55 yards is stipulated and for subsidiary lines the
length is increased to 63 yards. For lightly loaded
lines in rural areas the span length may be increased
to 80 yards. Uniformity of span length facilitates the
maintenance of good regulation and the 55-yard and
63-yard spacing enables transpositions to be made in
the wires at the required regular intervals.

For new aerial cable lines, where transposition is
not required, the spans are still made as uniform as
practicable, but their length varies according to the
ultimate load the poles are to carry.

Two types of line were specified in 1894, and the
instruction on the length of span read :—

‘ On light extensions upon roads it is only necessary to
provide 22 to 24 poles to the mile (73-80-yard span) but

P.O.E.E.]J. Vol 37, p. 70.

and stronger than in favourable localities,
but the experience and judgment of the
engineer who is in charge of the work must, to a great
extent be exerciseg in dealing with each individual
survey.”

Staying.
Stays or their equivalent are now fitted to meet the
following conditions :— .

{a) to prevent bending of the poles by the tension
in the line wires, i.e., terminal or angle stays,

(b) to reduce the bending and rocking of the
poles by wind, i.e., transverse stays,

(¢) to limit the extent of a pole-line collapse under
breakdown conditions, i.e., in-line or longi-
tudinal stays.

The staying requirements to meet each of the above
conditions are as described in the following para-

graphs. .

Terminal Stays.

The horizontal component of the breaking load of
the stay is made equal to the total breaking loads of
all the line wires, including, when fitted, the aerial
cable suspension wire. In other words, when all the
line wires break simultaneously the tension in the
stay should not exceed its breaking weight. This
standard has proved satisfactory in meeting the
fundamental requirement that the poles shall remain
intact under conditions which are sufficiently severe
to cause overstretching or even fracture of the open
wires. To meet this requirement, it is necessary for
the stay to remain intact when the line wires break,
and in practice this does occur because the line wires
do not break simultaneously ; the wires on the upper
arms break before those on the lower arms, and where
both open wires and aerial cable suspension wire exist
on the same line the former are the first to break. This

. applies when the wires are broken by a falling tree ;

severe icing conditions never cause the open wires to
break simultaneously.

Aerial cable suspension wires are of sufficient
strength (breaking weights from 5,700 to 22,000 1bs.)
to resist breakage under any icing conditions likely
to arise, and would need to be struck by a very heavy
tree to be fractured.

Although it is known that simultaneous breaking
of all wires does not occur, it is not possible to predict
what will be the maximum stress in the stays during
the period of fracture. It is not practicable, therefore,
to design the stays so that a specific factor of safety
will be provided. Experience over a number of years,
however, shows that the present standard of making
the horizontal component of the stay equal to the
total breaking weight of all the line wires provides a
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sufficient margin of strength in the stay to ensure that
the poles remain standing when the line wires break.
The standard has the added advantage of being simple
and convenient to apply.

Staying was covered in considerable detail in 1894
although the methods specified were not so precise
as those in use at the present time. The rule for the
strength of stay for a terminal pole, for example,
read :—

“ In staying terminal poles either solid rods or  stay
wire may be used. When the latter is selected, either
V or parallel stays may be fixed, and if the.stay rod
enters the ground at a distance from the base of the pole
equal to the height at which it is fixed, an approximate
rule which will give a sufficient factor of safety is to use,
in forming the combined stays, twice as many strands
as there are 400-1b. line wires carried by the pole. Where
this would involve an abnormal number of stays then
iron rods of suitable dimensions should be used.”

Angle Stays.

The present standard lays down that for severe
angles (60° deviation or more) the poles should be
fitted with stays in line with both directions of the line,
and the stays in each direction should be designed as
terminal stays. For angles smaller than 60° the stay
should be placed in line with the bisector of the angle.

The horizontal component of the stay load where
the stay bisects the angle should be equal to

2Tsin o + PL
where Tis the total breaking load of all the line wires,

including, if fitted, the suspension wire,

6 is the angle of deviation,

Pis the total wind pressure per foot on all
open wires, suspension wire and aerial cable
(with rings) and

L 1s the length, in feet, of one span.

The wind is assumed, for convenience, to blow at
right angles to the line on both sides of the pole.
P will vary with the degree of exposure of the situation.

There is obviously no direct relationship between
the ultimate breaking load of the line wires and the
ultimate strength of angle stays placed in line with
the bisector of the angle. If all the line wires were
broken near such an angle pole, the latter would be
deflected and probably broken whatever the strength
of the stay. The standard does, however, ensure that
the angle pole will remain stable under normal working
conditions.

The size of stay required for both terminal and angle
poles is readily found from a specially designed slide
rule which is in the form of two discs fixed concen-
trically but which can be revolved independently.
The rule gives a direct indication of the size of stay
required for various line deviations, for base-height
ratios of the stay from 4/1 to 1/10 and for a total
breaking weight of line wires up to 60,000 1b. Deter-
mining the size of stay required for an angle pole in
1894, was, however, a very tedious operation. The
equivalent of the horizontal component of the stress
in the stay was found by referring to a table of values
indicating the stress in cwts. exerted by ten 400-1b.
wires for various angles of deviation when the spans
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varied from 35 to 110 yards in length. The stress in
the stay was then found by ascertaining from another
table the multiplying factor applicable to the base-
height ratio of the stay.

Transverse or Wind Stays.

Although the unstayed poles in a line should with-
stand the pressure created by the wind they will,
during windy spells, be deflected, and this may result
in frequent and excessive bending in straight sections
of the line. This rocking of the poles which results in
fatigue stresses in the line wires and cables, and
disturbs the foundation strength, is checked by fitting
stays on opposite sides of a pole in a direction at
right angles to the line. To reduce the effects of
rocking to a minimum it would be necessary to fit
wind-stays to all poles in the straight, but it is found
that the effects can be kept to a reasonable level if
the horizontal component of the load upon each stay
is made equal to the total wind pressure on all wires

~and cable (if any) in adjacent halves of a transverse

stayed section. The wind load on the poles in the
section is not taken into account. Light stays at
frequent intervals (e.g., on every pole in the straight)
are obviously preferable to heavier stays at less
frequent intervals.

The fitting of transverse stays is often difficult due
to lack of space at the foot of-the pole, but the cost of
providing over-road stays or even struts is justified in
view of the increased stability which resulfs.

No mention of transverse stays is made in the 1894
instruction. This is to be expected in view of the high
factor of safety adopted which would result in a very
small deflection of the heads of the poles during
periods of high wind.

In-Line or Longitudinal Stays.

These stays are nowadays fitted at }-mile intervals
in straight sections of open wire lines. They should
be designed as terminal stays and fitted on both sides
of the pole in the direction of the line, so that if the
line wires break on one side of a pole, the consequential
damage will be confined to one }-mile section. In
general, some poles will be broken but the rest will
only be deflected.

Line stays are also fitted to poles at rail and road
crossings, but in these cases they are fitted only on
the side remote from the crossing and are provided
to prevent the poles deflecting or falling towards the
crossing.

Breakages of the open wires may be caused by
relatively light tree branches falling across them, but
experience shows that the fracturing of an aerial
cable suspension wire is a very rare occurence and
the provision of in-line stays on lines carrying aerial
cables is not, therefore, adopted except at crossings of
railways and important roads.

The 1894 instructions on the fitting of line stays
read :—

““ Double longitudinal stays (in the direction of the
line wires) should be fixed on all main lines which carry
over 12 wires at each side of road crossings so as to limit
the range of a breakdown during snowstorms. Where
road crossings are infrequent such stays should be pro-
vided at every quarter of a inile. Longitudinal stays in



one -direction are also required where heavy wires
terminate and are continued by light copper conductors
for sections through towns, etc.”

Wire Regulation.

The tension at which wires should be erected varies
according to the type and size of the wire and the
temperature prevailing at the time the wires are
erected. )

For all but very exposed situations the erection
tensions for all types of open wire and for all spans
are calculated so that at 20° F in still air, the tension
shall not exceed one quarter of the breaking load for
copper or iron or one third for cadmium copper or
bronze. These bases of design ensure that under the
worst conditions which it is considered necessary to
assume (i.e., 80 miles per hour wind and no ice at
20° F), the tension in a wire shall not exceed half the
breaking load. The tensions also ensure adequate
clearances and moderate sags at high temperatures
(100°F) to provide against contacts during wind.

For very exposed situations wires of a gauge heavier
than is required to meet transmission requirements
are used. In addition, the erection tensions, at 20° F,
for copper and iron wires are reduced to one-sixth of
their breaking loads. For cadmium-copper and
bronze wires normal erection tensions are used ; the
smaller separating distance between wires normally
provided on cadmium-copper and bronze wire lines
does not permit of the increase in sag which would
result from a reduction in erection tension.

When wires having different characteristics are
erected on the same line, the tension values are
adjusted to provide, as nearly as practicable, the
same sag in all wires during periods of average
temperature. This requirement has an important
influence on the erection tensions adopted.

The tensions which should be applied are given in
table form for various lengths of span and for the
range of erection temperatures from 20° F to 100° F.
The values can also be read direct from the standard
thermometer issued to staff engaged on the erection
of wire. The thermometer has a revolvable cylinder
which has engraved on it separate scales for each type
and size of open wire. By setting the cylinder to the
appropriate position the tension to be applied is
shown opposite the temperature reading on the
thermometer.

For aerial cable suspension wirve the tension at which
the wire should be erected before the cable is placed
in position varies with the size of wire, length of span
and temperature. The values, which are printed in
table form, are calculated so that when the cable is in
position, the temperature is 20°F and an 80 m.p.h.
wind is blowing, the stress in the wire will not exceed
half its breaking weight. For the strongest suspension

wire, however, the tension is limited so as not to
exceed the capacity of the standard tensioning tackle
which has a safe working limit of 3 tons.

The tensions at which wires should be erected were
also shown in table form in 1894, and were based on
the same standards. The tensions at low temperatures
were approximately the same as present-day values,
but at the higher temperatures they were appreciably
lower. The reason for this is given in the following
extract from the paragraph on regulation of wires :—

“ Elasticity has been designedly ignored. The result
of this omission is that new lines erected in summer will
at low winter temperatures have a larger factor of safety
and somewhat greater sags than the tables indicate.”

Aerial Cable Lines.

Extensive alterations have been made in recent
years in the methods of designing pole lines to be used
for supporting aerial cables. The revised methods were
evolved to secure a more accurate assessment of the
loads imposed on the poles and of the safe load the
poles would carry. The use of these methods, which
have been described in detail in a previous article,?
enabled unnecessary strengthening work on the lines
to be avoided, and this effected an appreciable saving
in labour and material at a time when the utmost
economy in the use of both commodities was essential.
It is not possible, however, to make a comparison
between current and 1894 standards as aerial cable
on pole lines has not been in general use for more than
25 years.

Conclusions.

The behaviour of pole lines over the years has shown
where some of the earlier standards could be relaxed.
Relaxations have also been possible due to improve-
ments effected in the material and fittings used for the
construction of the lines. The specifications and
drawings, with which these items should comply,
have undergone considerable change over the period
concerned, with the result that higher quality and
more réliable items are now obtained. In addition to
relaxations, some of the methdds of applying the
standards have been simplified and in some cases
specific values have been adopted for values which
were not known in 1894, or had to be left to the
discretion of the engineer-in-charge on the work.

Apart from aerial cable lines and the adoption of
the transposition in place of the twist system for
neutralising the effect of inductive disturbances, there
has been no important change in the principles of
overhead line design during the past 54 years, a fact
which reflects great credit on those responsible
for the early design standards.

:P.O.E.E.]J]. Vol 37, pp. 44 and 70
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The Potentialities of the Vocoder for

Telephony over Very Long Distances

UD.C. 621.395.47

J. SWAFFIELD, en.p.

The requirements of a commercial telephone system over very long distances are shown to Iead naturally to the idea of

telephony by speech analysis and synthesis. The vocoder, a practical example of an analysis-synthesis system, first developed

in America, gives speech transmission of fair quality in a bandwidth of a few hundred cycles per second. The design and
performance of a typical vocoder are described.

Introduction.

’ l \HE exploitation of carrier technique is render-
ing line telephony commercially practicable
over ever longer distances. For a sufficiently

long line the circuit cost tends to be predominantly
line cost, and the cost of an individual speech circuit
then tends to become proportional to the bandwidth
it occupies. How long in physical distance the
circuit has to be before these conditions arise depends
on the type of system; a few hundred miles of sub-
marine cable may present more onerous conditions
than much greater distances overland. So far as this
country is concerned, the field of very long distance
economics is entered only with international, or
possibly only with intercontinental, calls.

In the very long distance field, then, the question
“How wide a band of frequencies is necessary to
transmit speech ? ” assumes a particularly direct
importance. Telephone engineers have been apt to
assume that since the important part of the speech
spectrum extends continuously from about 300 to
3,000 or 4,000 c/s, it is necessary to provide for at
least this bandwidth in the transmission. This
assumption is only true if the system must be capable
of transmitting amy kind of arbitrary signal that
could be constructed using components from 300 to
3,000 or 4,000 c/s. But a telephone system is normally
only required to handle speech. This would be a
considerable limitation if it did no more than restrict
the possible signals to the limited variety of sounds
which the human vocal organs can produce; the
restriction is actually even narrower than this. The
analogy with television may clarify the argument.
The visible electromagnetic spectrum extends over a
bandwidth of about 3x 10 c/s which, to say the
least of it, represents a formidable transmission
problem. But these high frequencies merely represent
frequencies to which the eye is responsive and are
no guide to the complexity of pattern and rate of
movement which the brain can perceive., So the
transmission engineer merely analyses the picture,
uses his system to transmit only the coded analytical
description and ultimately, at the receiving end,
synthesises the picture from a local light source
controlled in accordance with the received description.
Thus the actual bandwidth needed over the line
can be adjusted to be just sufficient to reconstruct
the scene at the rate at which it is capable of changing
(or, if less, the rate at which the eye can follow the

! The material of this article 1s partly taken from a paper,
* Analysis-Synthesis Telephony with Special Reference to the
Vocoder,” read by R. j. Halsey and the present author jointly
before the Institution of Electrical Engineers on lIst April,
1948,
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changes). In this case the process of analysis and
synthesis effects a bandwidth economy of at least
108: 1.

Any argument that 4,000 c/s is'inherently essential
for commercial speech confuses the audible spectrum
of the sounds themselves with the bandwidth needed
for a running description of their construction and
variation. Economy comparable to that for television
is, of course, out of the question and very little is
possible at all unless severe restrictions are imposed
on the type of input sounds ; fortunately this is just
what can be done in telephony. The problem therefore
reduces to finding the simplest way of transmitting
a running description of speech sounds. One
theoretically simple way would be to exploit the fact
that there are only 40-50 different speech sounds, by
transmitting merely a code sufficient to define from
instant to instant which one is in use. Reconstruction
at the receiving end might be from recorded versions
of individual speech sounds. This rather extreme
form of analysis is hardly practicable, though the
bandwidth needed might be less than 50 c/s. A more
profitable approach is to recognise that the real
restricting element is the limited rate at which the
vocal organs can articulate speech and possibly also,
the rate at which the brain can formulate its ideas
into sentences. This approach leads directly to the
conception of the vocoder.

The Mechanism of Speech Production.

The mechanism of speech production can be
divided in two stages, (1) the sound source, and (2)
the mouth, tongue and lips, here referred to as the
modulating parts. Speech sounds are produced by
air from the lungs being forced up through the larynx.
The larynx contains the vocal chords which may
vibrate and chop the airstream at a rate which may
be as low as 90 c¢/s for a deep-voiced man and as high
as 300 c/s for a shrill-voiced woman. For certain
speech sounds the vocal chords do not vibrate ; the
spectrum is then continuous instead of consisting of
a harmonic series. Sounds which normally have their
source in the vibrating chords are referred to as
“ voiced ”’ sounds ; those (such as S and CH) which
are merely the simple breath noise are referred to as
“unvoiced.” In practice some voiced sounds also
normally contain breath energy ; little, if anything,
of interest is lost if such sounds are reproduced from
a purely larynx type of energy.

As these sounds pass out through the mouth the
characteristics of speech are impressed upon them by
two types of modulating processes. The first, best
described as a shaping of the energy-frequency
distribution, is achieved by the passage of the sound



through the multiple resonance chamber formed by
the mouth and tongue; further shaping may be
effected by the lips and teeth. The ‘‘ continuants,”
which are sounds that can be produced continuously,
depend on such modulation for their character. The
stop consonants are formed by a second type of
modulation ; their main characteristics are transient
and they are made by using the tongue, lips, etc., to
hold up or “stop” the sound pending its sudden
release.

In speech the larynx frequency varies only slowly
and the range of variation is small in any one speaker’s
voice. These pitch variations do not contribute to the
meaning of individual words, though they do affect
the general sense.

PRINCIPLE OF THE VOCODER

Substantially complete synthesis of the speech can
be made from information describing the variation
with time of (a) the shape of the spectrum, (b) the
type of energy (i.e. continuous or harmonic) of which
the spectrum is constructed, and (¢) the pitch of the
voice. Of these () is the most important and defines
the articulation; (b)) and (¢) add emotion and
naturalness and so assist communication of ideas, but,
of course, contribute little or nothing to articulation,

FUNDAMENTAL
EXTRACTION METER
CIRCUIT

PITCH AND

VOICING SIGNAL

subsequent synthesis of speech. In 1939 (at the New
York World’s Fair and elsewhere) a manually-
controlled speech synthesiser, the “ Voder ” (Voice
Operated DEmonstratoR)? was shown; this was
substantially unrestricted in versatility. Meantime
the complete analyser-synthesiser, now christened
the ““ Vocoder ” (VOice CODER) had been further
developed and a description was published in 1939.3

Development in the Post Office started from this
stage and thereafter proceeded independently of
American work.

The Analyser.

In the analyser, incoming speech from a micro-
phone passes to a bank of about 10 band-pass filters
which, together, cover most of the speech spectrum
and so segregate the energy into a number of channels
(Fig. 1). Thus the output from each filter, when
suitably rectified and smoothed, defines the total
energy in the corresponding part of the speech
spectrum. Each smoothed output gives a point on the
energy-frequency distribution curve ; provided there
are enough channels, these points will sufficiently
define this curve and its variations with time.

The other function of the analyser is to define the
type of source in use and the fundamental frequency
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Fi1Gg. 1.—BrLock SCHEMATIC DIAGRAM OF THE VOCODER.

Synthesis of individual speech sounds by purely
acoustic means (e.g. coupled resonators) is of great
antiquity and the idea can readily be extended to
synthesis by analogous electrical circuits. Such de-
vices are usually of extremely restricted performance,
but speech study at the Bell Telephone Laboratories
enabled Homer Dudley in 1936 to demonstrate a
complete electrical system for the analysis and

(if any) from instant to instant. This information is
conveyed as one signal by defining the fundamental
frequency by the magnitude of the signal voltage ;

2 Dudley, H., Riesz, R. R., Watkins, S. S. A. : ‘“ A Synthetic
Speaker.”” Journal of the Franklin Institute, 1939, 227,
p. 739.

3 Dudley, Homer: ‘ Remaking Speech.” Journal of the
Acoustical Society of America, 1939, 11, p. 169.
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TABLE 1
Channel Frequency range Bandwidth

c/s ' c/s
1 250- 400 150
2 400- 600 200
3 600— 830 250
4 850-1,150 300
5 1,150-1,450 300
6 1,450-1,750 300
7 1,750-2,100 350
8 2,100-2,500 400
9 2,500-2,950 450
10 2,950-3,500 350

second harmonic of 135 c/s or the third of 90 ¢/s, but
not if it is the fundamental). Frequencies above
290 c/s are always rejected. The principle, illustrated
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in Fig. 6, is as follows :—Two low-pass filters of 155
¢/s and 290 ¢/s cut-off are effectively in parallel ; when

an output is obtained from the first, the output of the
second is blocked. Any fundamental passing the
first filter, i.e. lower than 153 c/s, will have its second
{(and possibly third) harmonics within the pass band
of the other which will, however, be blocked by the
action of the output of the first filter. Larynx tones
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Fic. 6.—PRINCIPLE OF FUNDAMENTAL EXTRACTOR,

whose fundamentals exceed 155 c/s must have their
fundamental but no harmonics within the range of
the second filter. It has been found that very few
female voices go beyond 290 c/s in normal speech, and
so more elaborate schemes using three paths instead of
two are not justified. The fundamentals which pass
through upper and lower paths correspond respec-
tively, and very roughly, with female and male ranges,
although male voices frequently slightly exceed
155 cfs. The variable-attenuation network used for
blocking the 290 c¢/s filter is controlled by a current
derived from the 155 c/s filter output via an amplifier,
rectifier and smoothing. An experimental funda-
mental extraction panel is shown in Fig. 7.

The pitch signal itself is derived by impressing the
fundamental upon a further set of circuits arranged
to produce a “steady ” output proportional to the
frequency but independent of the amplitude of the
applied fundamental.

The energy sources (hiss and larynx-tone generators)
of the synthesiser present no exceptional problems,
and the circuit used for selecting from instant to
instant the appropriate source is shown in principle
in Fig. 8. The incoming pitch-control

voltage applied to the grid of one of a
pair of bridge-arm valves controls the
value of the current circulating through

the two suppressor networks which are
arranged so that whichever one is open
the other is closed. In the absence of

a pitch signal, the hiss suppressor is
open; a voltage on the pitch circuit

reverses the situation. Fig. 9 gives
the suppression of hiss and larynx tone
as a function of pitch-channel voltage.
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The changeover (3:5V) corresponds to
a pitch frequency of about 40 c/fs.
An oscillogram of the switching circuit
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output during a voiced sound, showing
switch-over at each end, is shown in
Fig. 10.
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PERFORMANCE.

8
S

In the present state of development
of the vocoder, its performance, regarded









from the previous remarks on speech synthesis, the
articulation of the vocoder is barely affected if the
pitch circuit is disconnected altogether, causing the
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speech to be reproduced in a hoarse whisper
(** laryngitis effect ”’). If the larynx-tone generator is
fixed at a constant pitch, so that the synthesised
speech will appear as a monotonous chant (*“ sermon

effect ), the articulation is again unaffected. These
effects emphasise clearly that the human pitch conveys
emotion rather than articulation.

Conclusion.

It has not been possible in this article to discuss
practical transmission systems for the vocoder. There
are various alternatives to a double-sideband cairier
system for the channel signals, but the only attractive
one from a purely band-economy viewpoint is a
quadrature system which would enable the theoretical
bandwidth of 300 c¢/s to be approached.

Whether the vocoder could reproduce under com-
mercial conditions anything like the utility for
ordinary conversation which its articulation efficiencies
suggest, is controversial, but it is certainly true that
the vocoder establishes as practicable a standard of
speech transmission much greater than had previously
been believed possible within a bandwidth of a few
hundred cycles per second. If it is agreed that the
vocoder offers a standard potentially satisfactory to
the subscribers, the question of its field of application
becomes an economic one to be considered as part of
the general development of telephony over very long
distances.
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Book Review

‘“ Radar System Engineering.” Volume 1 of the
Radiation Laboratory Series (Massachusetts Insti-
tute of Technology, U.S.A.) edited by Louis N.
Ridenour ; 748 pp. 445 ill. McGraw-Hill Publishing
Co., Ltd. 45s.

In November 1940 the Radiation Laboratory of the
Massachusetts Institute of Technology was formed to
carry out microwave radar development, and in 4} years
the staff rose from 40 to 4,000. A vast fund of informa-
tion was'accumulated, and towards the end of the war
it was wisely decided that because the information was
so valuable it should be written up and published.
Accordingly a magnum opus of 28 volumes was planned
covering practically every aspect of radar and associated
techniques, and a small army of specialists worked for
months writing this encyclopedia, of which ‘° Radar
Systems Engineering * is the first instalment. This book,
which is the work of 34 co-authors, is an excellent and
generally well balanced survey of those forms of radar
that involve the emission of signals and the reception of
echoes at the same point. The treatment of highly

28

organised position finding systems like Gee and Loran
18 reserved for other volumes.

Attention is about evenly divided between adequate,
but not profound, theoretical treatments of various
aspects of radar, and description of many different radar
systems and component parts thereof. Very little is
written about gun laying, i.e. fire control, radar, however.
The high lights of the book are the treatments of the
properties of radar targets, of systems for eliminating
echoes from fixed targets, and an excellent series of
pictures of P.P.I. displays. Only one error has been
noticed, that in equation 18, p. 31.

As is to be expected, practically all the photographs
and considerations of detail refer to U.S. equipment,
but acknowledgments of the pioneer work of this
country appear not only in the Foreword and the
Introduction, but in many other parts of the book.
Indeed, as far as the reviewer is aware, this text book,
written in the United States, is the first to give a tech-
nical appreciation of the way in which radar information
was handled at R.A.F. Fighter Command Headquarters,
Stanmore, during the Battle of Britain!

The book can be recommended as an excellent up-to-
date survey of the radar field. H.S.



The Manufacture of Star-Quad

Telephone Cable

U.D.C. 677.73 : 621.315.213

J. E. DEERING

Part 3.—Quadding and Stranding Lays, Acceptance Tests and Sheath Defects

The concluding part of this series discusses the considerations involved in selecting suitable lays for quadding and
stranding, outlines the acceptance tests made on completed cable and gives a brief account of typical defects encountered
in lead sheaths.

The Choice of Quadding and Stranding Lays.

HE mutual electrostatic capacitance (M.E.C.)

I of a cable pair within a star quad is a function

resolved from such factors as the area of the
conductor, area occupied by air, spiral length of the
paper and string, percentage overlap of the paper
dielectric, and the composite dielectric constant
arising from the quality of the paper and string, etc.
The effect of quadding four insulated conductors does
not in itself cause a marked change in the M.E.C., but
the spiral effect of stranding introduces a deviation in
the ML.E.C. of, say, any pair in the outside layer com-
pared with any pair in the centre. This is due to the
increase in conductor length as the core diameter
builds up. In large cables this increase can be as
much as 2 per cent. The basic reason for quadding is
to reduce parallelism which would result in abnormal
interference between quads ; at the same time quad-
ding presents a state of symmetry between the four
conductors forming a four point star network.

The Post Office does not specify the length of lay to
be employed, but states that the lays of the conductors
forming quads shall be so chosen as to ensure that
crosstalk is as small as possible. The manufactured
cable must conform with the specified limits imposed
for capacitance unbalance, etc. To reduce inter-
ference, adjacent quads in each layer differ in length
of lay. If the number of

From an electrostatic and economical standpoint,
the use of long lays is an advantage, but lays over
10 in. are liable to suffer derangement, such as the
centre bedding string moving from its central position,
which in ijtself would upset the original object of
symmetry between conductors in a quad, and give
rise to high capacitance unbalance. Therefore the
choice of quadding lays is usually less than 10 in.

The choice of stranding lays is dependent on two
features which are directly opposite in effect. To
manufacture a cable which is flexible and free from
kinking troubles, it is necessary to use a comparatively
short stranding lay, but from an electrostatic and
economical viewpoint, the stranding lay should be as
long as possible. A reduction in the length of lay
increases the linear length of the individual quads in
a layer and hence increases both the capacitive effects
and the weight of materials. Therefore a compromise
is adopted by the manufacturers. An example of the
quadding and stranding lays for a P.C.Q.T. 542
Pair/20lb. cable is given in Table 1.

Capacitance Unbalance.

The star formation on which a quad is designed has
for its object a geometrical and electrostatic symmetry.
Departure from symmetry throughout a cable causes
electrical interference between pairs, and therefore

quadsin alayeris odd, the TABLE 1

least number of different DIRECTION AND LENGTH OF Lavs

lengths of layin that layer

is three. Due to the close LavERs Centre| Ist | 2nd | 3rd | 4th | 5th | 6th | 7th | 8th | 9th

proximity of quads in the —

centre (which never ex- DIRECTION OF QUADDING AND

ceed four), the length of STRANDING Lavys Left |Right] Left |Right| Left |Right| Left |Right| Left |[Right

lay of each of the quads Length of quadding lays, inches

differs and these lengthsof Ist quad * Marker ” 5 5p 1 5 | 55| 5 | 541 5 | 54| 5 | 54

lay are so chosen as to ;néi 4‘6}? etc. quaéis g g% 6163 61 651 61 64 g fji

differ from that of any rd, 5th, etc. ; quads I I A I B B Bt 2
- t f 70 T T T T 707

quad in the first layer. Last quad " Reference N L * * t i

This brings the total Length of stranding lays, inches | 18 | 18 | 18 | 24 | 94 | 24 1 30 | 30 | 36 | 36

different lengths of lay to ! ‘

seven. Although adjacent

layers are stranded in alternate directions, it is usual
to adopt the same quadding lay for quads in the odd
layers, and employ a different group of lays for the
quads in the even layers. This can be achieved by
introducing one other quadding lay, bringing the
total to eight. This practice is more often employed
in trunk type cable where the capacitance unbalance
limits are more stringent. In carrier type cable each
of the twelve quads is different in lay, due to an even
more stringent specification limit.

the Post Office specifies the limits of unbalance in
capacitance permitted within any quad, and between
any two quads. Unbalance which occurs regularly
along the cable length may be due to a bias in the
quadding machine, such as tension or persistent
irregularity of one of the components. For example,
if the ‘A’ conductor of a quad were regularly lapped
with a thicker paper than its associated ‘B’ conductor,
its capacitance to earth would be different from that
of the ‘B’ conductor. The unbalance to earth, which
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is the difference between the capacitance to earth of
the ‘A’ and ‘B’ conductors, would vary with the cable
length. Such unbalances are generally the largest in
the cable. Other types of unbalance due to normal
irregularities in the dimensions and properties of the
paper, string, cotton, wire, etc., may not be regularly
disposed, or regularly affect any one conductor of the
quad. Therefore such unbalances will not be per-
sistently positive or negative, and their magnitude
will not be proportional to the cable length.

When a factory length of cable is measured for
capacitance unbalance, the arithmetical mean of each
characteristic is obtained ignoring the signs. There-
fore if two cables both of the same quality and mean
unbalance be jointed together, the arithmetical mean
then obtained would not be double that of one single
length. Such a condition could only be arrived at by
jointing pairs so that the negative values add to
negative values, and similarly with the positive values.
Likewise zero unbalances would be obtained only
when pairs with unbalances of opposite signs but equal
magnitude were joined together. With random
jointing of the pairs in the two cables, the resulting
unbalances would fall somewhere between zero and
double those of the single length. With such a
random combination the mean unbalances on the
greater length would probably be related to those of
the single length by the square root of the ratio or the
lengths. As a result of this, cable lengths are specified
to meet capacity unbalance limits after the measured
values have been corrected by a factor based on the
theory of probability, which allows for the unbalances
to vary somewhere between the square root and linear
functions of the length (L yds.). The measured values
for the P-Q characteristic are divided by the factor

3(L/176 + 4/L/176). Similarly the unbalances to
earth are corrected by dividing the measured values
by L/176, which is a direct law factor.

\TESTS AFTER MANUFACTURE.
Electrical Tests.
Each manufactured cable length is tested electrically
before it is finally approved by the Post Office
inspecting officer. The tests are shown in Table 2.

Test (1) is taken with a D.C. voltage of not less than
300V. after electrification for one minute at a tem-
perature of not less than 10°C (50° F).

Tests (2} and (5) are corrected for the temperature
of the cable at 15-6° C (60° F).

Tests (3) and (4) are made at a frequency of 800 c/s
at 10° C (50° F).

On carrier cables tests (2) and (7) are made at a fre-
quency of 60 kc/s, and (6) at 5,000 c/s in addition to
the D.C. tests.

As the final electrical test each length is completely
rung through. It is here that all the wires are checked
for continuity, correct conductor markings and correct
position relative to other wires of the same quad at
both ends of the cable length.

Typical faults found are :—

(a) Misplaced quads.

(b) 'Wrong cotton whipping.

(¢) Cotton whipping missing.

() Quads incorrectly laid up.

(¢) Two conductors marked with the same
identification at one or both ends.

(f) Insulating paper reversed at one or both ends.

(g) No insulating paper on conductor.

{#) Conductors incorrectly arranged in quad.

Such faults are investigated if frequent, and are
included on a fault label attached to the drum flange.
Cables of over 75 pairs with 6} and 10 1b. conductors
have one extra pair per 100 to allow for any mechan-
ical or electrical faults. The approved cable must con-
tain the ordered number of good pairs.

Mechanical Tests.

General inspection during the manufacture is
carried out by the inspecting officer.  All raw materials
are sampled periodically, or at stated intervals where
a particular stipulation is made, such as for lead alloy,
which is spectrographically analysed after each
extrusion.

The annealed copper wire is visually examined for
freedom from defects, such as ““spills,” “ sucks,”
“waves” etc., and periodical elongation tests are
taken. Also samples of jointed conductors (due to
accidental breakage) are measured for conductivity

and tensile strength.

TABLE 2 Insulating paper is examined for clarity

T and correctness of markings. The quality

yre or Cane should be such that it withstands the

mechanical and drying processes of manu-

Electrical tests, conducted on P.C.QL. | P.CQ.T. gasﬂ%r facture. It must be of uniform thickness and

texture and free from metallic and deleterious

(1) Insulation resistance v 4 4 substances. A strip of 1 in. width should

‘ support a weight of 4 1b. for each 0-001 in.

(2) Conductor resistance 4 v v thickness. The insulating paper used to be

(3) Mutual electrostatic capacitance .. v v v made from Manila hemp, but nowadays
— cellulose fibres from wood are used.

(4) Capacitance unbalance v v v Sheathing material is subjected to an air

(5) Resistance unbalance . . — v v pressure test of 75 1b./sq. in. after the cable

- has been manufactured. This is a good

(6) Mutual impedance .. .. .. — — v general test although a bad join or weak

If ind - - ) _ _ seam will not always open with pressure,

(7) Self inductance - v and only on subsequent bending of the

(8) Ringing through .. .. .. V4 v v cable when drawing in will the defect

be revealed. The sheath is checked for
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lonospheric Disturbances
U.D.C. 621.396.11

G. H. M. GLEADLE, Msc. (Eng)), AM.LEE.

A brief outline is given of the nature of the two main kinds of ionospheric disturbance that upset long-distance, short-wave
radic communication and the steps that can be taken to mitigate their effects. As an example, the disturbances that
accompanied the great solar flare of July, 1946, are described.

Introduction.

N an earlier article! a brief description was given
Iof the methods that are used to predict the best

frequency for long-distance, short-wave radio
communication between any two points. In that
article attention was confined to ‘ normal”’, undis-
turbed conditions, but here a description will be given
of the two main kinds of ionospheric disturbance
which upset radio transmission, the Dellinger Effect
and the Auroral Storm, and of the steps that may be
taken to mitigate their effects.

Dellinger Effect.

The first kind of ionospheric disturbance that will
be described is the “ Dellinger Effect ”’ (named after
its discoverer), sometimes known as a ““ catastrophic
fade-out "’ or ‘‘ ionospheric irruption.” This distur-
bance coincides with the appearance of bright flares on
the Sun, which, it is thought, are accompanied by
great increases in ionising radiation (chiefly ultra-
violet radiation). Below the normal E-Layer, at heights
of the order of 80 kilometres, or even less, ionisation
during such disturbances becomes much more intense
than usual, but the E- and F-Regions appear to be
little affected. This abnormal ionisation causes severe
absorption of high-frequency radio waves during their
passage through this region on their way to and from
the reflecting layers above. Only those paths which
traverse the sunlit hemisphere are affected by this
type of fade-out. The disturbances are more intense
the higher the altitude of the Sun over the path in
question, and usually occur very suddenly, the
intensity of radio signals decreasing sometimes to less
than one-hundredth of the undisturbed value within
one or two minutes. Such interruptions usually last
from a few minutes up to about half an hour, though
in severe cases conditions may not return to normal
for several hours. Since the absorption of a high-
frequency wave passing through a given ionised region
is inversely proportional to the square of the frequency,
the effect is the more pronounced the lower the
frequency. However, low- and very-low-frequency
radio signals are reflected at the lower boundary of
the abnormal absorbing layer and so avoid the
absorption normally experienced in higher layers,
with the result that such transmission may, therefore,
be improved during the fade-out of high-frequency
signals. Thus, it is frequently possible to maintain
communication during the abnormal condition by
changing from high to low frequencies, i.e. from short
to long waves. Dellinger Effects do not show any well-
detined seasonal changes, although it might be
expected that such fade-outs would be more pro-
nounced in summer than in winter. The frequency of
occurrence of the fade-outs varies in phase with the
sunspot cycle, since solar flares are nearly always

1 p.O.E.E.J., Vol, 40, p. 76.
34 -

associated with sunspots. The fade-outs are often
accompanied by a considerable rise in radio noise
which, as shown by Appleton,? appears to originate
in the Sun.

It will be appreciated that the fade-out is not due to
absence of reflection from the ionosphere, but is a
result of severe absorption. For the reason already
given, a reduction in the operating frequency in the
high-frequency band would serve no useful purpose
since the attenuation would be increased still further.
In fact, the only possibility of maintaining communi-
cation when an interruption occurs on a high-frequency
circuit, due to a fade-out, is to raise the frequency,
unless, of course, a low-frequency circuit is brought
into use. The drawback to increasing the frequency is
that the next higher frequency allocation available
may be above the Maximum Usable Frequency
(M.U.F.) for the normal E- and F-Layers, in which case
the wave would probably pass through the ionosphere
and not be reflected back to Earth. However, there is
often a substantial increase in Sporadic-E ionisation
and it is sometimes possible to restore communication
by resorting to higher frequencies than those normally
used. (Sporadic-E ionisation is the term given to
small intense clouds of ionisation that occur within
the normal E-Layer. It is probable that they are due
to ionisation caused by particles shot out of the Sun,
or to meteor showers.) The use of a low-frequency
circuit is, however, the most likely method of
providing communication during the disturbance.

An interesting example of Dellinger Effect is illus-
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spheric conditions at Kensington, Maryland, U.S.A.,
for six undisturbed days near the day of a fade-out,
the shaded area indicating the range of frequencies
throughout the 24 hours on which echoes could be
observed when radio waves were projected vertically
upwards and reflected back to Earth from the iono-
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sphere. During the day normal D-Layer absorption
prevented echoes from being observed on a certain
range of low frequencies. Fig. 2 clearly shows the
effect of the fade-out, no echoes at all being observed
on any frequency (apart from the very lowest fre-
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quencies) for about half an hour. The graph also
indicates the tendency for the effect to be more pro-
longed on the lower frequencies. TFig. 3 is a record
of measurements made on a different date at Watheroo,
Australia, and shows that the normal E- and F-Layers
are probably unaffected during a fade-out since the
critical frequencies ({°E, {°F1 and {°F2)* immediateély
before and after the fade are nearly the same. This
conclusion is also supported by measurements of
layer height.

It is of interest to note that the ionospheric effects
during Dellinger fade-outs have their counterpart in
characteristic disturbances which occur in the Earth’s
magnetic field.

Awuroral Storm.

The other main kind of ionospheric disturbance is
called an “ Auroral Storm,” although it is sometimes
referred to as a ‘“ Magnetic Storm *’ or ‘‘ Ionospheric
Storm.” The disturbance is thought to be due to the
effect of charged particles shot out from active regions
of the Sun at the same time as the occurrence of
a major solar flare. The particles, however, have a far
smaller velocity than the ultra-violet and visible
radiation from the flare and reach the ionosphere 17 to
36 hours later. Moreover, it appears that the particles
are usually shot out within a fairly narrow cone
approximately at right angles to the surface of the
Sun, so that they are not likely to hit the Earth unless
the active region is near the centre of the Sun’s disk,
i.e. near the Central Meridian Passage (C.M.P.} and
not too far removed from the solar equator. As
the particles come into the Earth’s magnetic field
they follow a spiral course and spread around the
geomagnetic poles on both the dark and light sides of
the globe. Turbulence is produced in the F-Layer, the
density of ionisation decreases, at times profoundly,
and the virtual height of the layer increases rapidly.
During severe storms the particles may penetrate
lIower into the ionosphere and sometimes an abnormal
absorbing layer may be produced in the neighbourhoeod
of the E-Region. At night this gives rise to aurorz.
These ionospheric disturbances are most pronounced,
not at the magnetic poles themselves, but in com-
paratively narrow zones where aurore are most
frequent, called the Auroral Zones, which surround
the poles at a mean radius of about 1,500 miles. High-
frequency radio circuits whose paths traverse these
regions may at times be severely affected, and, with
violent storms, the effects gradually spread to lower
latitudes. Unlike the Dellinger Effect, the frequency
with which auroral storms occur does not vary
precisely in phase with the sunspot cycle but lags it
by about one to two years. This is due to the fact
that during the years of sunspot maximum the spots
occur most frequently in two bands, 10 to 15 degrees
north and south of the solar equator and are, therefore,
not favourably situated for particle emission to hit the
Earth. Later in the cycle, although there are fewer

4The Earth’s magnetic field renders the ionosphere doubly-
refracting, so that a radio wave is split into two components
(the ordinary and extraordinary rays) during its passage
through the ionosphere. The superscripts “o0” and “x”
are used to indicate the ordinary and extraordinary com-
ponents, respectively.
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active areas, they occur nearer to the solar equator.
Auroral storms often follow Dellinger fade-outs after
an interval of one to two days if the active region is
near the centre of the Sun’s disk. High-frequency
radio circuits whose paths traverse the auroral zones
are affected by these storms not so much because of
absorption but because the radio waves are not
reflected from the F-Layer, or in less severe storms are
reflected irregularly, which causes fading, echo, and
distortion of the received signal.

Auroral storms are also accompanied by disturb-
ances in the Earth’s magnetic field. The magnetic
storms that follow the appearance of major solar flares
after an interval of one to two days usually commence
very suddenly, but do not last as long as the iono-
spheric effects. The horizontal and vertical com-
ponents of the Earth’s field show rapid changes followed
by irregular fluctuations, while the declination may
change by as much as two degrees. There is, however,
another though smaller class of magnetic storm that
accompanies appreciable ionospheric disturbance.
These particular storms do not follow solar flares and
do not commence very suddenly. They are most
frequent during sunspot minimum years, and their
cause is still obscure.

The tendency for auroral storms to have their peak
a year or two after the maximum of the sunspot cycle
has been confirmed from a recent analysis of the lost
circuit time, due to ionospheric disturbances, on the
Post Office overseas radio telephone circuits for the
years 1937 to 1939. Unfortunately, all regular
circuits had to be closed down at the outbreak of war,
so that long-term trends cannot be traced very far.
However, all the circuits whose paths traverse the
auroral zones (those to Canada, U.S.A., Japan and
Iceland) show continuing increases in lost time after
the peak of the last sunspot cycle in 1937, whereas all
the other circuits, except that to India (those to
South America, Egypt, South Africa, Australia,
Portugal and Kenya), which are largely affected only
by Dellinger Effect, show a fairly flat characteristic.
Their lost time rises slightly in 1939, due, presumably,
to auroral storms which would have their peak about
two years after the sunspot maximum in 1937. This
is illustrated in Fig. 4, which shows the sunspot
number® and the average annual lost time for two
representatiye circuits, one to Canada (representing
a circuit traversing the north auroral zone) and one
to South America (representing a circuit which is
largely free from the effects of auroral storms).

Operating staff at a receiving terminal often
recognise that an auroral storm is beginning by the
violent fading, echo and distortion of the signals that
accompany the disturbance in the F-Region. In these
circumstances, it is advisable to reduce the operating
frequency in the hope that reliable reflections may be
obtained from the reduced ionisation of the F-Region
or perhaps from the E-Region. If the storm is severe,
and additional absorption takes place, then the signal

5The sunspot number is an index of the number of spots
occurring on the Sun’s disk, and is compiled from the formula
C(10G + N), where C is a ‘' seeing ' factor for the observ-
atory concerned, and depends upon weather conditions,
equipment etc. ; G the number of sunspot groups; and N
the number of separate spots.
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may disappear altogether due to attenuation. When
this happens there is little that can be done, such as
raising the frequency, since the higher frequency
necessary to overcome absorption would not be
reflected back to Earth. However, the additional
absorption does not usually persist as long as the
disturbance in the F-Region, and after it has dis-
appeared it should be possible to restore communi-
cation on a lower frequency until the F-Layer has
returned to normal.
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SOLAR ACTIVITY DURING JULY, 1946,

As an example of the disturbances that occur on
long-distance, short-wave radio circuits when a major
solar flare appears, a brief analysis has been made of
circuit performance during the latter part of July,
1946, a period of intense solar activity.

On the 20th July, 1946, the Royal Observatory
advised that a large spot was on the Sun’s disk in
latitude 21°N. Its position was such that it should
have been visible from the Earth between 19th July
and 2nd August. Provisional measurements of its
area on the 20th July gave a figure of 2,500 millionths
of the Sun’s visible hemisphere, and later the spot
increased to a maximum of about 4,600 millionths on
the 27th July. (Most sunspots do not exceed about
1,000 millionths.) The C.M.P. was expected to occur
at noon on the 26th July. On the 25th July it was
reported from Greenwich that at about 1615 G.M.T.
an intense solar flare associated with the sunspot had
been observed at Sherborne, Dorset, by Dr. M. A.
Ellison and also by the Solar Physics Observatory,
Cambridge. The flare rose to an intense maximum
at about 1627 G.M.T. on the 25th July and did not
finally subside until about 0900 G.M.T. on the follow-
ing day. (The most intense flares rarely last for more
than two hours.) At the time of the flare, the sunspot
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The circuits to South America, South Africa and
Egypt all remained disturbed until the end of their
schedules on the 25th July. Signals began to be
faintly audible again on the U.S.A. circuit at 1924
G.M.T. and on the Canadian circuit at 2200 G.M.T.
These circuits continued to improve as the radio
paths began to pass out of sunlight into darkness.
This effect could not be observed on other circuits
because they were not in operation when their paths
were in darkness. From about 2030 until 0600 G.M.T.
on the next day, 26th July, the U.S.A. circuit, the
only one in operation, remained normal, the bulk of
the path being in darkness throughout this period.

Between 0600 and 0800 G.M.T. the circuit was closed .

for maintenance purposes, but at about 0830 G.M.T.
“weak signal” conditions were experienced again,
due, it is thought, to less severe Dellinger Effect
associated with the last vestiges of the solar flare.
Similar poor conditions were recorded on the circuits
to South Africa and Egypt as these were brought
into operation at 0800 G.M.T.

Awuroral Storm Disturbances.

Throughout the latter part of the 26th July, dis-
turbances began to be recorded again on all circuits
except that to Portugal, which is usually extremely
reliable. These disturbances probably indicate that
the auroral storm was beginning. The interval be-
tween the first appearance of the solar flare and the
onset of the auroral disturbances on the U.S.A.
circuit was 291 hours, which is a little longer than the
average figure of 26 hours. The commencement of
these disturbances agrees very closely with the
ionospheric disturbances that the N.P.L. reported
as having commenced at 2300 G.M.T. on the 26th

not as clear-cut on the histogram as could
be desired, and some disturbances occurred occasion-
ally before the incidence of the intense flare. These
disturbances were most probably due to earlier and
smaller flares associated with the great sunspot and

possibly due to other smaller, active regions on the
Sun’s disk.

Conclusions.

It is often possible to decide whether a disturbance
to a high-frequency circuit is a fade-out or an auroral
storm by noting at the beginning whether the
absolute noise level, as distinct from noise/signal ratio,
increases, or the first indications are fading, distortion
and echoes. If the disturbance is of the former type
the frequency should be increased when communi-
cation becomes difficult; if of the latter type, it
should be decreased. Although in the daytime there
may be some doubt as to which disturbance is
occurring, in which case the best course would be to
increase the frequency, during the night only auroral
storms can occur and there can be no doubt that the
best course to follow is to reduce the frequency.
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Part |.—Signalling System, Subscribers’ Station Equipment and Line Terminations
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A description is given of the signalling system employed to reopen the telex service between subscribers in the United

Kingdom and the Continent, prefaced by a historical survey of the development of the service, and the influence of

C.C.L.LT. recommendations. The equipment provided at subscribers’ stations and for switchboard line terminations is also
described. Part 2 will deal with the remainder of the switching and related equipment.

Introduction.

HILST the main purpose of this article

s )s / is to describe the equipment provided in

Great Britain for the reopening of the

telex service between this country and the Continent,

nevertheless some account is given of the reasons for

employing the signalling system described, which is

new to this country but conforms to C.C.I.T. (Comité

Consultatif International Télégraphique) recommend-
ations.

A national telex network was inaugurated in 1932,1-2
and aimed at providing teleprinter intercommunication
between any subscribers connected to the telephone
network. Calls between subscribers to the system were
first set up as for a telephone call, after which both
parties switched to ‘ teleprinter,” the teleprinter
signals being transmitted over the telephone network
by pulses of alternating current in the voice frequency
range. A frequency of 300 c/s was employed initially,
but in 1936 a change was made to the internationally
agreed standard of 1,500 c/s.

Service to the Continent was first opened in 1936,
to Holland, in which country a telex system using
alternating currents at 1,500 c/s was also in operation,
the calls being routed via special telex positions of the
telephone trunk suites at Faraday Building, London,
and at Amsterdam. Extension of the service to the
German telex network was effected in 1937, but as the
German system was based on the use of an exclusive,
automatically switched, telegraph network, direct
circuits were not employed, calls being routed via
Amsterdam trunk exchange, and ‘“‘telex convertor
switchboards ' existing in the same building, which
provided conversion facilities from A.C. to D.C.
methods of signalling, and gave access to the German
dialling network.

This, then, was the position in 1939, except that
development was proceeding on the design and pro-
vision of ““ convertor ”’ switchboards for installation
in the C.T.O., in order that conversion from A.C. to
D.C. signalling could be effected in this country, and
telegraph channels employed for direct connection to
countries, such as Germany, using D.C. signalling
methods, with resulting economies in the cost of the
provision of the international circuits. In this con-
nection it is interesting to note that the first 18-
channel V.F. telegraph system to be employed be-
tween this country and the Continent was opened for
traffic in 1936 on the London-Paris route.

After the dislocation of the war years, discussions
on the resumption of the International Telex Service
became active early in 1946, as a result of which a
iPO.EE.]., Vol. 25, p. 177.  *P.O.E.E.]., Vol. 29, p. 290.

decision was taken in May that the post-war inter-
national service from Great Britain should be based
on the use of an exclusive telegraph network using
D.C. signalling methods, thus facilitating the employ-
ment of telegraph channels for the international
circuits.

In conformity with this decision, and having regard
to the desirability of reopening the Continental telex
service as early as possible, development of the neces-
sary subscribers’ equipment and telex switchboard
proceeded on an urgent basis, and after successful
tests of a laboratory set-up, specifications were drawn
up in September for the adaptation of an existing
standard type of floor-mounted teleprinter switch-
board, construction of associated rack equipment and
of subscribers’ units by adaptation of existing
standard table units. By the adoption of these ex-

_pedients, construction and installation of the switch-

board equipment was completed in December, 1946,
and engineering tests to the Dutch telex network
commenced.

The Continental telex service was reopened on
24th March, 1947, between subscribers to the Conti-
nental telex service in this country and telex sub-
scribers in Holland, and was subsequently extended
to France and Belgium on 5th May, 1947. Calls to
these countries are set up on a manually switched
basis via manual telex switchboards in Amsterdam,
Paris and Brussels respectively and hence dialling
facilities were not required, and were not provided
initially, on the telex switchboard in London.

Dialling facilities are, however, now available on
this switchboard, and also on the second switchboard,
which.was brought into service on 26th January, 1948,
to carry the additional traffic to and from the Swiss
telex network, which employs Siemens & Halske
automatic switching equipment. Calls to Swiss sub-
scribers are thus directly dialled by the London telex
operator, over direct V.F. channels between London
and Zurich. By specific agreement, calls in the reverse
direction are also controlled by the London telex
operator, Swiss subscribers dialling a special code
(014) which gives direct access to a calling appearance
at the London switchboards.

Further expansion of the service, which is already
approaching the 1939 level in terms of paid time over
the Continental circuits, can confidently be antici-
pated, as well as extension to other countries not
previously connected, when the requisite telegraph
circuits become available.

C.C.I.T. Recommendations.
With the application of switching systems to
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telegraphy to provide a subscribers’ * teleprinter
exchange ”’ (telex) service, introduced in 1932, the
technical problem of ensuring satisfactory inter-
working between different national switching net-
works, previously confined to telephony, was ex-
tended into the telegraph field, complicated, perhaps,
by the fact that the two fundamentally different
systems previously mentioned were already in process
of development.

The C.C.I.T., which on international matters serves
the field of telegraphy on very similar lines to the
C.C.LF. in telephony?®, ratified, at its 5th Plenary
Session at Warsaw in 1936, a number of Avis framed
to facilitate satisfactory inter-working between
countries employing telex systems over telephone
networks, and which had been the sub‘ect of in-
vestigation by a joint commission of the C.C.I.T. and
C.C.LLF. at the Hague in 1935. These recommenda-
tions included the standardisation of the frequency at
1,500 c/s for the transmission of teleprinter signals
over completed telex connections, as well as the level
at which the A.C. signals were to be transmitted ; the
precautions to be taken to prevent interference
between the telegraph and telephone equipment,
viz., the ringing equipment and echo suppressors on
telephone trunk circuits liable to be used for telex
connections ; and also the modifications to be carried
out and special operating procedure to be applied at
the specially assigned positions at both local and

trunk exchanges through which telex calls were"

established, to prevent speech, or V.F. signals of any
kind being connected to a telex call in progress.

The first step on the wider issues involved was taken
at the International Telegraph Conference held at
Cairo in 1938, at which it was recommended that
““ the question of the regulations for the subscribers’
telegraph service by start-stop apparatus in the

SP.O.E.E.J., Vol. 29, p. 38.

European regime should be studied by a commission
of C.C.I.T. rapporteurs with a view to preparing a
draft of technical and operating regulations, . . .”
A first meeting of this Commission was held at the
Hague in 1939 ; the second in November, 1946, at
which the regulations were completed in draft form
for submission to the 6th Plenary Session of the
C.C.I.T., to be held at Brussels in May, 1948,

It would be outside the scope of this article to give
full details of these proposals, but the following
summary indicates the fundamental plan to which
the International Telex Service should ultimately
conform, and which will influence the development
projects of participating countries meanwhile.

(1) That the International Telex Service be effected,
preferably by means of direct telegraph circuits
between the systems of countries operating the
service.
That the number of circuits between two
countries and the number of staffed telex
switchboards should be calculated, as far as
possible, to give a demand service.
That the national telex systems be organised
preferably for automatic switching, so that sub-
scribers may be dialled directly by the con-
trolling operator in the country of origin.
That where these conditions exist, the operator
at the international telex positions in the
country where a call originates should control
and time that call.
That the equipment of the telex positions in
the country of origin should meet the technical
requirements of the country of arrival, to which
end full technical and operating details of the
distant equipment should be made available
to the originating country.

Recommendations are also included, mainly to
cover the interim stages of development, whereby
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polarised telegraph relay R to move to the marking
side, and operation of relays A, C and D. The tele-
printer is switched to line at contacts Al and Cl
operated, the circuit now being prepared for the
transmission of teleprinter signals in either direction.
The red ““ engaged "’ lamp also lights at this stage, and
remains so until the call is cleared. At the completion
of transmission, clearing is effected by returning the
call key (KC) to its normal position, thus at KCl
connecting spacing battery to the S wire and forward
transmission path. This automatically ensures the
glowing of the answering supervisory lamps at the
telex switchboards in circuit, and the restoration of
the distant teleprinter to a ‘“ free ”’ condition, after
which event a spacing battery is returned over the
backward transmission path to the R wire of the
originating telex station equipment. This condition
causes the calling supervisory lamps at the telex
switchboards to glow, giving the requisite ‘‘ double-
clear "’ signal on the cord circuits involved, and con-
tact R1 in the calling subscriber’s equipment to move
to its spacing contact. Relay A releases after a
nominal delay of 300 mS (the slow release feature
being controlled by condenser C), releasing in turn
relays C and M, and restoring the station circuit to
its ** free " condition, with motor stopped.

An incoming call to a telex station is signalled by
the inversion of the polarity on the R wire from
spacing to marking, the consequent change-over of
contact R1 operating relay B, via KC2 normal,
followed by relays C and M. The teleprinter is thus
connected to line at contacts Bl and Cl1, the motor
started, and the red ““ engaged ”’ lamp lighted, which
condition will be maintained until the receipt of a
clear signal over the R wire. The clear signal (spacing
battery for not less than 300 mS) causes relay B to
release after a nominal 300 mS and at B1 to return
spacing battery over the S wire and backward trans-
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mission path for the purposes above des-
cribed in relation to an incoming call.
Relays C and M at the called subscriber’s
station are also released by the release
of relay B, and the equipment restored to

the “ free ”’ condition.
It should be noted that during the
transmission of teleprinter signals over an
e 1o established connection, the line condition
SWBD alternates between marking and spacing
in conformity with the characters being
signalled, and hence signals passing over
the transmission path associated with the

R wire of a station circuit will be repro-

duced at contact R1 of the associated

polarised relay R. The clearing relay
associated with this contact (relay A on
originated calls; relay B on incoming
calls) will not, however, be released by
the disconnections offered by R1 during
spacing periods, because of the delay
. feature introduced by condenser C, which
ensures satisfactory holding of the relay
under the most onerous conditions
which can be imposed, viz., 120 mS
spacing, 20 mS marking, continuously
repeated, with maximum adverse signal
distortion in the transmission path. Conversely, the
“ clear " relays are arranged to release on receipt of
a true clearing signal, i.e., spacing battery maintained
for not less than 300 mS. If, during the progress of a
call, the transmission path in either direction is
broken by line irregularity, equipment fault or
operating error for a period in excess of 300 mS, the
“clear ” relays will, of course, release, thus stopping
the teleprinter motors and extinguishing the engaged
lamps at the subscribers’ stations concerned. The
transmitting telex operator is thus immediately made
aware of the interruption to service, and the possi-
bility of errors is much reduced. )

From the foregoing description it will be clear that
a call may be established, a message transmitted and
the call cleared without intervention by an operator
at the distant station. In some circumstances, how-
ever, the caller may wish for a teleprinted comment or
acknowledgment from the distant station, and to
attract attention the caller depresses the figure shift
key, followed by the ““ J ”"key, on the teleprinter,
and thereby causes the “ J ' contacts at the distant
teleprinter to close. It will be seen from Fig. 3 that
this causes the white ““ call” lamp to glow, and the
alarm bell to sound, unless the “ bell off ’ key (KB) on
the table unit is operated, when the bell only is dis-
connected. The “ J” contact on the teleprinter
remains closed until a further teleprinter signal is
keyed on either machine.

In some circumstances a called station may need to
release an incoming call. This may be effected by
throwing the * forced release ”’ key, KFR, which at
KFRI1 connects a spacing battery to line, and thus
establishes the same clearing effect as from a calling
station. The key is released when the connection is
cleared as instanced by the extinguishing of the en-
gaged lamp.

The ““ out of service ”’ key, KOS, is operated after a



line has been extended to a special “ hold *' jack at the
telex switchboard, in order that the teleprinter may
be changed, or given maintenance attention. The
teleprinter transmitting contacts are disconnected
from line at KOS1 operated, and marking battery
substituted. The teleprinter may thus be tested in
local without transmitting signals to line, and when
the equipment is again ready for service the restora-
tion of KOS1 causes the cord circuit supervisory lamp
to glow.

Switchboard Line Equipment (Manual).

The manual line equipment, the circuit of which is
shown in Fig. 4, is applicable as a termination for all

;
LT E [=Ivies

ENGD operator plugs be an inter-switchboard
®—

+80V IDF
LA 1
W € =+
E4 EY 1! E
L +80V [E ++
TO 3 ! | !
LINE X [
i N 8v [ : t
]
LT
L s ovydage2 | L
< L.

< ——

o C

= G

3 E3 G2 ———
N s
El G3
L2
GH

YO
NIGHT ALARM

Fic. 4. —CircuiT ScHEMATIC OF MaNUAL LiNE EQUIPMENT.
.

subscribers’ station lines, and also for bothway inter-
switchboard circuits. The relays and associated com-
porents for 40-line equipments are strip mounted on
standard 6 ft. 6 in. by 1 ft. 8} in. racks, the fuse
panels for power distribution being mounted at the
bottom of the rack.

Separate appearances of the incoming and outgoing
line jacks in the switchboard multiple field are catered
for, with a calling lamp for the incoming jack, and
either V.E.S. or F.L.S. lamp signalling for the out-
going appearance, the latter option being arranged
for by alternative strappings on connection strips
mounted on the line-equipment rack. As shown in
Fig. 4 the line equipment is arranged for V.E.S.
working, the preferred arrangement for small groups
of circuits.

In the free (disengaged) condition of a circuit, the
R wire is terminated on the calling relay L, which is
so polarised by a metal rectifier as to be inoperative
to the spacing battery being received over it ; spacing
battery is also connected to the S wire to hold the
distant equipment at rest. When a call is originated
from the distant end, the R wire polarity is reversed
to marking, operating relay L, and causing the call
and engaged lamps to glow. When the call is answered
at the incoming multiple jack by the switchboard
operator, the sleeve relay E operates, followed by
relay G. The call lamp is extinguished, but the engaged

lamp continues to glow as relay L is held operated
by a local circuit after being disconnected from line.
The line is switched through to the multiple jack,
and the spacing battery on the S wire of the line
equipment is disconnected, being replaced by marking
battery from the cord circuit. The calling and switch-
board operators can thus teleprint one to the other.
When a call is set up by the switchboard operator
plugging into the outgoing jack, the sleeve relay E
operates, thus lighting the engaged lamp, and dis-
connecting the spacing battery from the S wire, which
is replaced by marking battery fed from the cord
circuit. The calling condition is thus extended to the
distant equipment, and in the event of this being a
telex station equipment, marking battery will be
returned immediately over the R wire
(from the teleprinter transmitter con-
tact), operating relays L and G, L
holding as before to the local marking
battery. Should the line into which the

" circuit, an equipment giving similar con-
ditions to the line equipment now being
described may be assumed to exist at the
distant end, from which it follows that
the return of marking battery over the
R wire, and the above cycle of opera-

7= tions, will be delayed until the distant

switchboard operator answers the call.
During this period, spacing battery is
returned to the cord circuit via contact
L4 of the line equipment, and hence the
calling supervisory lamp glows until
the call is answered, thus giving full
supervisory signalling conditions to the
switchboard operator.

The clearing condition of a call pro-
duces no direct circuit operation in the line equip-
ment, but when the switchboard operator clears by
withdrawing the cord circuit plug, relay E releases
reconnecting the L relay to the R wire; L then
releases to the spacing battery, followed by relay G.

Switchboard Line Equipment (Auto-Manual).

This equipment, the circuit of which is given in
Fig. 5, has been designed to meet the requirements
of the Siemens & Halske TW39 system, and its first
use was on the international telex circuits to Switzer-
land. At the distant end, Zurich, the circuits are
terminated on a bothway relay set giving access to
and from the automatic exchange equipment, and
hence the Swiss dialling network. A fully equipped
6 ft. 6 in. by 1 ft. 8} in. standard rack will accommo-
date 12 auto-manual line equipments, including the
requisite fuse panels for power supplies.

It will be seen that the line equipment provides
for the same terminations on the switchboard multiple
jack field as does the manual equipment previously
described. It will also be appreciated that in order to
meet the agreed signalling code, similar disengaged,
calling and clearing, line signalling conditions are
applied. Additional relays are, however, incorporated,
firstly to return a short marking signal over the back-
ward transmission path to the distant auto equipment
on seizure by an incoming call, a signal which provides
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a “ continuity "’ test of the international telex circuit
concerned, and in the absence of which the call is
released at the distant end : secondly, to detect the
short marking signal returned from the incoming
group selector at the distant end on an outgoing call,
and which provides a “ proceed-to-dial ” indication
to the London switchboard operator ; and finally a
guard relay to ensure that a call is not offered to
the auto equipment until it has fully released from
a previous call.

The operation of the circuit is briefly as follows :—
An incoming call reverses the polarity on the R wire
to marking battery, operates relay L, and then relays
LA and LB. Contact LA2 disconnects spacing and
applies marking battery to the S wire, and LB1
reverses this condition some 25 mS later, thereby
generating a 25 mS nominal marking pulse for the
line ““ test ” pulse. Contact LB2 operates relay LC,
and contact LC3 relay EE, thus the calling and en-
gaged lamps are caused to glow by contacts LC1 and

EE1 respectively. When the call is
answered by the switchboard operator
relays E and G operate, thus connecting it
to the multiple jack and cord circuit, from
which marking battery is now returned
to the Swire. At the termination of the
call, and withdrawal of the plug from
the incoming jack, the guard relay EE
will be last to release, maintaining the
‘““engaged ” lamp in the outgoing multiple
alight at contact EEl for about 13
seconds. It will be noted, however, that
should a further call be offered from the
distant end during this period, relays L
to LC will be caused to re-operate, and
the call lamp lighted at contact LCI.
The insertion of the plug in the outgoing
jack when setting up an outgoing call
operates relays E and EE and causes the
engaged lamp to light, but the cord
circuit calling supervisory lamp remains
darkened due to the spacing battery
extended from contact ILLA3 to the
tip of the jack. Marking battery is
extended from the cord circuit to the S wire, thus
seizing the distant automatic equipment. When the
incoming selector is prepared to receive dialling
impulses, a mark pulse of some 25 mS is returned
over the R wire, operating relay L momentarily via
contact G4 normal, E4 operated. Relay LA operates
during the period contact L1 is closed, and relay
LZ operates in series with relay LA via contacts
LA4 and E5 operated, when contact L1 restores to
normal. The polarity of the tip of the jack is reversed
at contact LA3, and the calling supervisory lamp
glows to indicate to the operator that dialling may
proceed. At the completion of dialling the connection
of the called subscriber is signalled by a reversal of
polarity at the R wire, thus operating relays L, LB
and G, connecting the line to the jack and cord circuit,
and extinguishing the supervisory lamp. When the
plug is withdrawn from the outgoing jack at the end
of the call, relay EE applies the same guarding con-
ditions as described above for the incoming call.

)
Book Review

““ Very High-Frequency Techniques ” (Vols. 1 and 2).
Radio Research Laboratory (Harvard University).
McGraw-Hill Publishing Co. 1057 pp. 935 ill.
84s. per set.

This work, which for the convenience ot the reader
has been published in two volumes, has been compiled
by the staff of the Radio Research Laboratory, Harvard
University, under the general editorial direction of
Herbert T. Reich. This large laboratory, which has
Dr. F. E. Terman for its director, was established by the
office of Scientific Research and Development for the
U.S.A,, and had the task of developing countermeasures
against enemy radar. It was concerned in a ma’or way
with the extension of continuous-wave technique to the
high radio frequencies used in radar work.

The book does not pretend to be a textbook or a
comprehensive treatise covering all aspects of the ultra-
high-frequency field, but there is no doubt that it will be
welcomed by engineers as a handbook- and reference
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work. The material included is fundamental and new
and whilst much of it originated with the Radio
Research Laboratory staff, the many authors have not
hesitated to draw upon the work of the numerous
N.D.R.C., industrial and Service groups with whom the
laboratory worked in close association. The 35 chapters
deal with broadband, cone, cylinder, sleeve and slot
antennae ; horns and reflectors ; impedance matching ;
direction finding and homing systems; triode and
pentode U.H.F. oscillators ; the principles of magnetron
operation and the operating characteristics of continuous-
wave magnetrons ; reflex klystrons ; coaxial line power
amplifiers and oscillators ; modulation ; detectors and
mixers; receivers and intermediate-frequency ampli-
fiers; the principles and design of transmission line
filters; U.H.F. measurements and measuring equip-
ment for testing receivers. The authors of the different
sections have obviously been closely associated with the
subject of the section for which they have been held
responsible and the work can well be recommended to
the engineer working in the very-high-frequency field.
A . H.M.



The Efficiency of Gradings

Part |.—Determination of General Formula

Small Grading Elements
U.D.C. 621.395.341.8

H. A. LONGLEY

(Telecommunications Department)

A technique for dealing with traffic problems is described and applied to small grading elements to determine a general

formula for the grade of service given by gradings, in which certain factors are individual to each grading arrangement.

In Part I the efficiencies of various types of grading element are compared. Part II will deal with gradings of the size met
with in practice.

Introduction.

ELEPHONE channels working from the banks

I of selectors are ‘‘graded” when the number of

channels required to carry the traffic exceeds
the number of outlets that can be served from the
selector level. An arrangement similar in essence to
grading results where a group of junctions or trunk
lines is worked partially on a bothway basis. From a
service point of view the main features of grading are
that () the traffic offered to a graded group is split into
two or more parts (usually equal) and (4) the channels
comprising the group are split into a similar number
of divisions, some of the channels being commoned so
that they are accessible to two or more divisions of the
traffic. Grading introduces a number of problems the
solution of which is of considerable importance.
Although the theory of the behaviour of fully available
groups when offered pure chance traffic can be
regarded as solved for all time by Erlang’s loss
formula, the theory of graded groups has hitherto
defied attempts at its discovery, owing to the complex
behaviour of the traffic when divided and re-united in
the grading.

There are three main traffic problems to be solved,
namely :-—

(@) to determine the most efficient type of grading

arrangement ;

(b) to determine the traffic capacity of any par-
ticular grading arrangement at a given grade of
service ; .

(¢) to determine the traffic carried by each channel
in a grading.

In the absence of more exact information, investi-
gators of these problems have been obliged to base
their conclusions on hypotheses and approximations
to obtain solutions required for practical purposes.
Such hypotheses have served a valuable purpose for
many years, but attention has recently been focused
on the problems afresh by results obtained with an
artificial-traffic creating machine by the Bell Tele-
phone Manufacturing Co. in Antwerp:l

It is clear that, if problem (a) above can be solved,
the other two problems are considerably circum-
scribed, since they need be solved only in respect of
the most efficient grading arrangement. By a tech-
nique, developed by the author and N. A. Hawkins,
also of the Telecommunications Department, for a
study of fully available groups under certain con-
ditions, it is possible to analyse the effect of traffic on
a group of channels under a great variety of conditions.

2 Electrical Communication, Vol. 23, No. 2.

When this technique is applied to gradings, very
complex expressions are obtained, which are different
for every grading arrangement, but by analysing
a number of the resultant expressions a general
expression for the grade of service given by gradings
has been obtained in which certain factors are
individual to each particular grading arrangement.
A study of these factors enables the relative efficiencies
of certain families of gradings to be compared.

Amnalysis of Fully Available Group.

Before proceeding to the main investigation, it will
be convenient to illustrate the technique referred to
and to demonstrate its validity, by applying it to a
small fully available group to obtain Erlang’s full
availability loss formula. The underlying assumptions
are those used in the conventional proof of Erlang’s
formula, and the basic principle is the same ; that is,
a group of channels in statistical equilibrium is
examined. Instead, however, of considering only the
conditions when any one, any two, etc., channels are
engaged, consideration is

given to the conditions o © o o0
when each one, each com-
bination of two, three, g ° o
etc.,channelsareengaged. % © @ O
Consider a group of o o e
channels which is receiv-
ing traffic arriving in a e o o
random manner. Some- Ff, @® O @
times none, sometimes o ® e
one, two, or more chan- .
nels will be engaged at P, ® @ @

any given moment. In
Fig. 1 are shown all the
possible conditions of
engagement through
which a group of three
channels can pass ; similar
diagrams can be drawn
for any size of group.
The group changes from
one condition to another due to two kinds of
event—the arrival of calls and the cessation of calls.
Fig. 2 shows how the arrival of calls causes the
condition of such a group to change when it is tested
in one direction only. It will be seen from Fig. 2 ()
that a call arriving when no channels are engaged, i.e.,
during condition p,, causes condition p1a; and a call
arriving when the first channel is engaged, i.e., during
condition pis, engages the second channel, causing
condition pg, ; and so on. Fig. 2 (b) gives a complete
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OREPRESENTS A
FREE CHANNEL

@ REPRESENTS AN
ENGAGED CHANNEL .

Fig. 1.—PossiBLE CoONDI-
TIONS OF ENGAGEMENT OF
Group oF THREE CHANNELS,



picture of how the arrival of calls will cause the con-
dition, of a group of three channels to change. In a

DIRECTION OF TESTING —= DIRECTION OF TESTING—
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FiG. 2.—ARRIVAL OF CArLLs CAUSING THE CONDITION OF A
Groupr TO CHANGE.

similar manner Fig. 3 shows how calls ceasing cause
the condition of the same group of three channels to
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Fi1c. 3.—CEsSATION OF CaLLs CAUSING THE CONDITION OF
A GroUP TO CHANGE.

change. If the calls in Fig. 2 (@) ceased in the same
order as they arrived the group would pass successively
through conditions ps, pse, Pie, Po, as shown in
Fig. 3 (2). TFig.3 (b) gives a 1Somple"ce picturefof holxiv

the cessation of calls
DIRECTION OF TESTING — changes the condition of
the group.

In Fig. 4 the arrivals
and cessations shown in
Figs. 2 and 3 are com-
bined. A group of three
channels receiving traffic
with a pure chance inci-
dence will change con-
tinually, from one condi-
tion to another, along any
one arrow at a time.
Assuming the number of

(‘ARRWAL sources of traffic to be

large the incidence of
\’SCESSATION traffic is unaffected by
7

/ the condition of the group

-

Fi1c. 4—ARRIVALS AND CES-
SATIONS COMBINING TO
CHANGE CONDITIONS OF GROUP
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of channels at any time ;
over an infinite number
of busy hours every con-

dition will therefore receive traffic with the same
average intensity, which will be the average rate
of arrival of traffic per unit time, and will be equal to
the traffic offered, A, expressed in traffic units.

The symbols py, p;. Ps, etc., represent the propor-
tions of the time that 0, 1, 2, etc., channels are
engaged, and pia, pw, etc., the values of the com-
ponents of pj, ps, etc., as shown in Fig. 4. Since the
values po, p1, etc., are proportions of the total time,

Po+P1+pe+ ... px=1

where x is the number of channels. In a group subject
to pure chance incidence with a constant underlying
density over an infinite number of busy hours these
proportions will be fixed and determinate, and the
system is said to be in statistical equilibrium. In such
a system the forces operating to increase and to reduce
the proportion of time the group is in a given condition
are equal and opposite : in other words, the amount
of traffic which by arriving or ceasing tends to create
a given condition of engagement must be equal to the
traffic which by arriving or ceasing tends to destroy
the condition.

In Fig. 5 are shown the DIRECTION OF TESTING—
operative factors responsible p
for the magnitude of one of °
the component conditions
(p1a) of a group of three
channels. The factors tend-
ing to increase condition
P1a are :(—

(1) the arrival of traffic

during p, (= Apo) ;

(2) the cessation of traffic

during pg. and pap
(= P2a 4 PZD)-
The factors tending to de-
crease condition pi, are :—

(1) the arrival of traffic
during p1a (= Ap1a);

(2) the cessation of traffic during pia (= P1a).
As, for a group in statistical equilibrium, the factors
tending to increase and decrease the proportion of time
a given condition exists are equal and opposite, the
equation determining the magnitude of condition pia is

Apg -+ pea + Pob = Ap1a + P1a

In Fig. 6 are shown the eight basic equations for a
group of three channels, each equation being set

=0

Fic. 5.—FacTtors Gov-

ERNING MAGNITUDE OF A

ParTicuLAR COMPONENT
CONDITION.

CREATIVE FACTORS  DESTRUCTIVE FACTORS
ARRIVALS CESSATIONS ARRIVALS CESSATIONS 0

- APO_ ——————

= Ap + pg—--— - el

= ARyt Py -—-——0

- AB€+PK- ————— @

) = AP“+ —————(5)

}/ 3 - ARy + 2Py -

<A ) Ps ARe 1’Zf‘.’c"’_m
&Y ] AR, = 3P3——-——(8)

A
) CESSATION

Fie. 6.—Basic Equations FOrR GROUP OF THREE CHANNELS,
FULL AVAILABILITY.



against the condition to which it corresponds. The
traffic that arrives when all three channels are engaged
is lost, and therefore does not appear in equation (8).

Analysis of Graded Groups.
In Fig. 7 are shown the basic equations appropriate

From the equations in the figure it is deducible by Po ° % b= Ap------- O]
simple algebra that © °
Apy = = A
ot SR TR —
= 2 2 = — 1 == — 0 ...........
2 2! o -
Aps  A’pi Alpg oo © SRt hac = AHDpy——- -8
App=3ps Of P3=—3== 55" =3 <% o Boe = Bt+dp -——---8
NOWP0+P1+P2+P3=1
Az . =
Po + Apo + 2?" +—at 3, =1 ° 9. ° BRoth = BHAp----- 6
.
Po = ! AZ  Ad B®o ®  Zkth - @+ -—-©
°
1+ A4 +gr e ®  Bheth = B*pe-——- v
A3 .
Kl ° _
and ps == 3 P e ° Aho+% b R T ®

Az A3
1 +A+7! )

A set of basic equations and their derivatives can
be developed for any size of group and the results will
be found to be consistent with those already obtained ;
the general expression for the proportion of lost calls,
or the grade of service, is therefore :—

AX
Bl

A2
1+A+§'-—|——{—

where x is the number of channels in the group.

This is the well-known “loss” formula, first de-
veloped by A. K. Erlang of Denmark, and used by
the British Post Office to determine the number of
channels required whenever pure chance traffic is
offered to a fully available group.

Ax
!

INVESTIGATION OF GRADINGS.

The analytical method having been illustrated, and
its validity demonstrated, it will now be applied to
the investigation of grading problems. The investi-
gation is arranged on the following lines :—

(a) To develop a formula, for the grade of service
given by graded groups, which is a generalisation
of Erlang’s loss formula, and which includes a
series of factors whose values are special to each
grading arrangement ;

(8) To determine the exact value of these factors—
which are referred to as “K factors”—for a
number of typical grading elements ;

(¢) To compare the efficiencies of the grading
elements ;

(d) To use the “K factors” as a means of studying
the efficiencies of “straight” gradings ;

(¢) To consider the effects of introducing “slipped”
and “cyclic” arrangements.

(f) To consider, in the light of the results so
obtained, those recently obtained with the
artificial traffic machine.

[onb = F’za*F’zb]

Fi1g. 7.—Basic EQUATIONS FOR GRADED GROUP OF THREE
CHANNELS, AvarLasBiLiTy Two.

to a simple graded group of three channels with an
availability of two. Traffic is lost not only during the
time three channels are engaged, but also during part
of the time that two channels are engaged, that is,
during pep and pge. In fact, half the traffic arriving
during conditions psp and pg is effective, and all the
traffic arriving during condition pz, is effective. Only
that part of the traffic that is effective has any
influence on the relative magnitude of the components
represented by po, p1, etc.

The eight equations in the figure reduce to the

following :—

App=p1 or p1= Apg

A
Ap; =2pz or p2= %’
A A’K
Apsa + P2b0 =8ps or p3= 3'2P0 .
where Kgp — P22 7 2P2i + #Psme _; 3P2ne
P2 P2

In general, the factor K, is used to represent the
proportion of traffic effective during condition p,
where 7 is a number of channels equal to or greater
than the availability.

From the foregoing equations the following formula
for the grade of service (8) is obtained :—

Az KoAS
(1 — Ko+ —5r
Bz = KzA3
1+ A + a1 -l— 30
1L AL KzA
or 1 -—
K 3
I
where, in the particular example con51dered,
K 3A%2 4-9A 4+ 9
2

= 5A% + 14A 1 12
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The formula for 8 applies equally to any DIRECTION OF PROPORTION OF CALLS EFFECTIVE MAXIMA AND
other arrangement of three channels with an TESTING WHEN T CHANNELS ENGAGED = Kr MINIMA OF K
availability of two, but the value of Kg is _— e ™ o o
different for each arrangement. ; [~ OJA—~w|a~OJA—u

Solution of the basic equations for a group of (@ ~ [sTracHT 9-‘52—*3“—*3-) 750 | 600
four channels with an availability of two, B SATHidAt2
derived in a similar manner to the above (that [ s 3(a+2) 5001600
is, by consideration of the appropriate com- - STRAIGHT sAt2
ponent diagram) gives the grade of service as © %sum 2 e67 | 667

K242  KoK3A®
Byz=1~— 2 . 3 - 4 C 2(2A2 + 1147+ 25A+21)
14+A+ %“ -+ K;? -+ K241'<3A “ E Emm 6A3 +31A2+ 64A + 48 8751 667

In this example there are two K factors, |, ﬁ SLIPPED 2 50| T80
which respectively represent the probabilities
that calls arriving during conditions pz and ps
will be effective. Here, again, the values of the tc a
K factors differ for each of the possible arrange- () ¢ pUNGRADED N 3 ol Riad aad et
ments, the number of which is quite appreciable
even within the narrow limits that apply. @ % SUPPED 356”:3) L i3 | a8 | 500] 500

2{IlA+24)
General Expression for Grade of Service Given
by Graded Groups. ) cgoac g oreuic | 2081 T8R4 267 4 uat2s2) [y a75 | 818 | 500|500
g T tc 22A%+119A3+ 648A% +984 1576 2

The formula for the grade of service given by .
graded groups in terms of the K factors is the - 2 (5A%+ 8247 +172A +144) 2(At9-K) o | 500 | 400
same for all groups with a given number of (7 fsTRacT 3 (BA3+69A% +138A+108) sl | %% 17®

channels and availability. A general formula

can be obtained by adopting a K factor for every FiG. 8.—PROPORTION OF CALLS EFFECTIVE DURING VARIOUS CONDITIONS

one of the conditions pe, p1, p2, etc., in which

case the factors for conditions corresponding

to a number of engaged channels less than the
availability will be equal to wunity, while Ky = 0.
The number of K factors with values lying between
1 and 0 is equal to the difference between the number
of channels and the availability. The general
expression for the grade of service given by a graded
group is then :—

A2 Aa
1+ KiA + K],KZT-}—. (K. .Ka)?
Bxia=1 — A2 Aa
1 4 KoA + K0K1§'—+. . (Ko - Kag) i
Ax-?
..+ (K1. .. .Kx—l)(;_T)!
Ax

...+ (Ko.. ..Kx__l)—;a—

where A is the traffic offered, a is the availability,
and x is the number of channels.

The calculation of the K factors themselves involves
considerable tedious algebra : the number oi simul-
taneous equations to be solved is equal to 2¥ where x
is the number of channels in the group, and their
solution becomes a formidable task when the number
of channels is greater than five or six. For a given
number of channels and availability there are, of
course, many ways of arranging a grading ; the pairs,
commons, etc., may be placed first or last or inter-
mingled with the individuals; in addition to the
conventional “straight” grading there are also various
“slipped” or “cyclic” methods of grading and each
arrangement has its own special set of K factors. In
Fig. 8 are illustrated a number of simple grading
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OF GRADING ELEMENTS.

arrangements of the various types referred to, together
with the algebraic expressions for their appropriate
K factors, the expressions being reduced to their
simplest form. The K factors may also be expressed
as continued fractions or series, but no uniformity,
sufficient to znable a general expression to be derived,
is apparent. It will be noted that each K factor has
a maximum and minimum numerical value (when
A— 0 and A— oo, though not necessarily respectively)
and these values are indicated in the figure.

Efficiency of Grading Elements

The efficiency of any particular grading arrangement
can be best expressed relative to the number of
channels in a fully available group which gives the
same grade of service as the graded group. Thus, for
example, a group of, say, 20 channels in a graded
formation might be equivalent to 15 channels arranged
as a fully available group, and the efficiency of the
graded group might then be expressed as 15/20 = 75
per cent. The fully available group (called by some
administrations a ‘“perfect’” group) is the most
efficient arrangement possible, and its efficiency on
this basis is obviously always 100 per cent. The
efficiencies, measured in this way, of some of the
small grading arrangements considered above are
shown in graph form in Figs. 9 and 10 which apply
to three- and four-channel arrangements respectively.
To determine the efficiencies of small graded groups
it is necessary to employ the hypothetical conception
of a number of channels, in a fully available group,
which may not be a whole number ; for example, the
graded group of Fig. 7 when offered two traffic units,



is equivalent to 2-65 fully available channels. The
equivalent number of fully available channels was
determined for purposes of Figs. 9 and 10, in respect
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Fic. 9—RELATIVE EFFICIENCY OF 3-CHANNEL GRADING
ELEMENTS.

of the simple grading arrangements considered above,
by a graphical interpolation. )

The graphs show the efficiencies, for various
densities of traffic offered, of the grading elements
depicted at the right-hand side, and the lett.ers
identifying the elements correspond with the lettering
in Fig. 8. It is apparent that (g) and (k) are more
efficient than (f), for all values of ‘traffic; (b) is less
efficient than (4) and (c) for all values of traffic. The
relative efficiencies depend, in the other examples, on
the density of traffic offered.
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FiG. 10.—RELATIVE EFFICIENCY OF 4-CHANNEL GRADING
ELEMENTS.

The grading arrangements considered in Figs. 8, 9,
and 10 are some of the elements from which practical
gradings are built up, and facts which can be
established about the elements will be true, within
limits, of the larger gradings met in practice. The
graphs of Figs. 9 and 10 reveal the following important
facts :—

(@) The efficiency of a given grading varies with the
amount of traffic offered; the efficiency is
greatest when the traffic is heavy, that is,
when the grade of service is low. Thais is fairly
obvious : when the traffic is infinitely great all
arrangements would be equally efficient.

() The relative efficiencies of given grading
arrangements may vary with the amount of
traffic offered.

{(¢) Any grading arrangement in which a common
is tested before an individual must be less
efficient than the reverse arrangement for all
levels of traffic. Such grading arrangements
will therefore be excluded from further con-
sideration.

(d) “Cyclic” and “‘slipped” grading elements are
more efficient than “straight” elements, except
when the traffic offered is light, in which case
the reverse sometimes applies. One reason for
the difference in the relative efficiency of cyclic
or slipped as against straight gradings can be
appreciated by considering elements (f) and (g)
of Figs. 8 and 10: the arrangement of the
channels in (f) is such that as much as one-half

+ of the traffic offered can be lost when two
channels are engaged, but with the arrangement
in (g} not more than one-quarter of the traffic
offered can be lost when two channels are
engaged. That there is a difference between the
efficiencies of the slipped and cyclic arrange-
ments can be seen by considering the arrival of
consecutive calls in different divisions: the
slipped arrangement introduces a degree of
interference, absent in the cyclic arrangement,
which increases the probability of loss on
subsequent calls.

The result of applying the well-known Lubberger
theory to the simple arrangement of Fig. 7 is shown
by the broken line in Fig. 9, from which it may be
concluded that the Lubberger method tends to under-
estimate the efficiency of a grading, but is sufficiently
accurate for practical purposes when used to estimate
the traffic carried by the earlier choices of a grading.
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The European Switching Plan

U.D.C. 654.16

The article glves a résumé of the work of a mixed commission of the Comité Consultatif Internationale Téléphonique, set up te
formulate a general plan for the connection of telephone calls in Europe.

General.

ROM time to time readers of this Journal are
erpt informed of the progress of matters of

general interest discussed on the C.C.ILF. One
of the Commissions has now reached a stage in its
deliberations when it is of particular interest at the
present time to record the position reached.

Before the late war a mixed Commission was set
up with the object of recommending a ‘ General
Switching Plan for Europe,” and a good deal of
technical work was carried out on the stability of
circuits, use of echo suppressors, and other matters
concerned with the switching of circuits, including
operating procedure.’2 The present plan is, of course,
a manual one and involves not more than two
international circuits in tandem for the completion
of a call.

Circuit Provision.

After the war, in October 1945, a Plenary Assembly
was held in London and this Commission was urgently
revived under the chairmanship of M. Gastebois
(France), together with a sub-committee composed of
members of the Operating and Signalling Commissions
to get the shattered international networks into
operation as soon as possible. At this meeting
countries agreed on the numbers of circuits which
would be provided on a short term basis.? During the
course of the work of the main committee a suggestion
was made by Mr. Chamney, of the British delegation,
that the international telephone network of Europe
should take full advantage of advances made during
the war and plan a high velocity network. This
suggestion was taken up very seriously by all the
nations with the result that at the Plenary Assembly
at Montreux in November 1946, a map (Fig. 1) was

LtP.O.E.E.]., Vol. 30, p. 32.
2 “ Réunions D’Oslo,” Tome 1, Ter, pp. 29-81.

3 Livre Rose, C.C.I.LF. XIIIth Plenary Assembly, Oct.
1945, p.73.
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Headquarters Notes
Training
Correspondence Courses.

The preparation and issue of lessons, questions
and answers, has been augmented this year by two
preliminary grade subjects. Although it has only been
possible to guarantee the issue of Lessons up to and
including No. 10, before the end of April, it is, never-
theless, expected that later lessons will be available
before that date. The number of students taking this
course reached a total of approximately 5,000 ; the
number of subject enrolments being about 11,000.

City and Guilds of London Institute.

An analysis of the examination results in Tele-
communication Engineering for the 1946/47 session
is given in the table below.

of the same duration, is nearing completion, and
should be available shortly. Other films to be included
in this series, for early issue, are ‘‘ Accident
Precautions ** and ‘ Overhead Line Construction.”

The projectors are of the 16 mm. type, and a number
of operators have been given a course of instruction on
this equipment. Each of the foregoing schools has been
supplied with a projector and these are available for
loan by a local arrangement.

Film strips, as a means of superseding and replacing
slides, are being prepared. These are of the 35-mm.
type, and will supplement the instruction given in the
various subjects. The projector has a 500-watt lamp,
air-cooled by a motor-driven fan. A subsidiary
motor-driven ““ feed ”’ enables the lecturer to control
the forward and backward movement of the film
strip, at a distance from the projector. The complete
equipments will shortly be available for issue.

Subject Candidates Pass Ist Class 2nd Class Failure
Elementary Telecommunications Practice 2,691 — 991 (37%) 895 (33-5%) 805 (29-5%)
Mathematics for Telecommunications 2 1,710 1177 (68-89%,) — — 533 (31:2%)
Mathematics for Telecommunications 3 280 222 (79-3%) — — 58 (20-79%)
Telecommunications (Principles) 1 4,285 — 663 (15-4%) 1550 (36-29,) 2072 (48-4%)
Telecommunications (Principles) 2 2,066 — 309 (14:9)% 776 (37-69%) 981 (47-4%)
Telecommunications (Principles) 3 763 — 105 (13-8%) 298 (39%) 360 (47-2%,)
Telephone Exchange Systems 1 968 — 302 (31-2%) 337 (34-8%) 329 (34-0%)
Telephone Exchange Systems 2 493 — 178 (36-29%) 144 (29-29) 171 (34-69%,)
Telephony Grade 3 302 — 100 (33-29%,) 100 (33-29) 102 (33-69%,)
Telegraphy 1 364 — 114 (31-3%) 141 (38-7%) 109 (30%)
Telegraphy 2 250 — 73 (29-2%) 6 (34-4%) 91 (36-4%)
Radio 1 .. 1,817 — 381 (21%) 960 (52-8%) | 476 (26-2%)
Radio 2 .. 1,146 — 199 (17-4%,) 591 (51-5%) 356 (31-1%)
Radio 3 .. 576 - 36 (6-29%) 203 (35-2%) 337 (58:5%)
Line Plant Practice 1 .. 490 — 76 (15-5%,) 227 (46-3%) 187 (38-29%,)
Line Plant Practice 2 .. .. .. .. 64 — 18 (28:29) 29 (45-29,) 17 (26-6%)
Transmission and Lines Grade 1 (Old Syllabus) 400 — 114 (28-5%) 131 (32-79%,) 135 (38-79%,)
Transmission and Lines Grade 2 (Old Syllabus) 156 — \ 51 (32-7%) 61 (39-1%,) 44 (28-29%,)

Central Training School.

Instruction is now being given at the Central
Training School, Stone, and the subsidiary schools
at Dollis Hill and Birmingham in 70 different courses
covering automatic switching, transmission and other
aspects of Telecommunication Engineering. The
average number of students in attendance is 580.

Visual Aids.

A sound film on “‘ Cable Jointing,” having a dura-
tion of approximately 20 minutes, has been completed
and a copy is held by the Central School and each
Regional School. A partner film on * Plumbing,” also
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Telephones
New Signalling and Impulsing Systems.

With a view to attaining conditions where only one
operator (outgoing) shall be engaged in setting up
any trunk or toll call, together with the desire to
dispense with impulse regeneration on tandem
connections, the two following new systems have been
developed up to the laboratory stage.

Single Commutation D.C. Impulsing System.—This
is a new form of Long Distance D.C. Dialling
(L.D.D.C.) which derives its title from the fact that
impulsing consists of a series of reversals of earth and
battery by a single change-over contact which in effect



provides double current signalling by commutating
the battery. It is virtually distortionless over circuits
up to 100 miles of 20-1b. 4-wire amplified cable or a
loop resistance of 5,000 Q. It is primarily intended
for use on the longer circuits—other than carrier
circuits, which require V.F. signalling—which are
outside the limits of the normal loop-disconnect
impulsing system.

Further details of the system will be found in
I.P.O.E.E. Printed Paper No. 184.

Separate Signalling System.—In this system, which
is intended for signalling on carrier and co-axial
circuits in the trunk network, a normal speech circuit
is appropriated as a separate signal circuit to serve
up to 20 speech circuits. The frequency spectrum of
the signal circuit is divided into 20 signal channels
each of 100 c/s spacing with each sub-channel (go and
return) serving the signalling requirements for one
speech circuit.

The speech circuits are permanently associated VVlth
their relevant signal sub-channels by means of relay-
sets at each end of the line.

The primary advantages over the existing 2 V.F.
system are immunity from false signals due to speech
operation ; avoidance of echo suppressors in the
signalling path and the resultant relative simplicity
of design. Arrangements for a field trial of the system
are in hand.

Auwutomatic Trunk Charge Calculator.

As a contribution to labour-saving by machine
accounting an automatic calculating machine con-
sisting of relays and motor-driven uniselectors has
been developed for the purpose of computing trunk
charges from the particulars entered on the ticket by
the operator, e.g. basic charge for 3-minute call,
duration, time of day, and any special charges, after
they have first been transferred manually into
punched card form.

Arrangements are in hand for-a field trial of the
equipment in association with punched card
machinery.

It is hoped to publish an article on the subject in a
later issue of this Journal.

Trunk  Mechanisation—Development
Switchboard.

The main details of physical design and the
facilities to be afforded by a cordless type switchboard
for future trunk and auto-manual exchanges have
been determined.

Apart from the inherent abolition of cords, jacks
and multiple will be the use of a flat top type position,
the feeding of calls to positions through a queue and
the use of key-sending.

of Cordless

Relay Diyector.

With a view to improving the service in Director
areas a new type of Director known as a ‘ Relay
Director 7’ has been developed. The item comprises
3,000-type relays and a Siemens motor uniselector,
both of which possess relatively low fault liabilities.
A comprehensive field trial alongside existing Directors
fitted with a new heavy-duty uniselector is planned.

Party Line Service.

In alleviation of difficulties in providing service for
new subscribers due to shortage of plant, arrange-
ments have been in existence for some time for the
provision of a non-secret, automatic two-party line
service, with selective ringing but without selective
metering. This necessitates one of the subscribers
accepting responsibility for payment of the local
calls account for both subscribers. To overcome
this disability a simple automatic selective metering
system has recently been developed and is at present
undergoing field trials.

- Uniselectors.

A new heavy-duty uniselector mechanism has been
developed which gives promise of increased life and
reduced maintenance costs as compared with the
present standard. The item is now in production for
field trial.

Local Lines and Wire Broadcasting

In post-war years new methods of design and
provision of local line plant have been introduced.
Executive Engineers have been appointed in each
Region, with the object of ensuring that the up-to-
date practices are carried into effect.

On September 1st, 1947, a second step was taken
when the Local Lines and Wire Broadcasting Branch
of the Engineering Dept. (Engineer-in-Chief’s Office)
was set up. The branch is in the charge of a Staff
Engineer (Mr. A. Morris) assisted by two Assistant
Staff Engineers. One AS.E. (Mr. T. W. Baker) is
responsible for local line planning, the other A.S.E.
(Mr. F. Hollinghurst) undertakes development work
in connection with wire broadcasting.

At present the lines side of the work of the new
Branch is restricted to those matters originally
carried out by the former L2A and L2D groups of
the Transmission and Lines Branch.

Main Lines

Coaxtal Cable Provision and Utilisation.

For the development of the main trunk communi-
cations network a long term plan for the provision
of coaxial cables has been drawn up. As a first stage,
the following coaxial cables are under construction :(—

(i) London-St. Margaret’s Bay, 4-tube coaxial.
(i) Guildford-Aldershot, 2-tube coaxial.
(ili) Guildford-London, 4-tube coaxial.
{iv) London-Slough, 4-tube coaxial.
(v) Birmingham-Coventry, 4-tube coaxial.

(vi) Birmingham-London, 6-tube coaxial.

For items (i) to (v) the coaxial tubes are being
enclosed within layers of audio quads which will be
used in the provision of circuits on shorter routes.
Ttems (iii), (iv) and (v) are the advance stages of bigger
schemes, extensions being planned to Southampton,
Bristol and Leeds, respectively, the advance provision
being necessitated by the need for audio pairs.

In addition, orders for the following two coaxial
cables were placed in 1947 but actual construction has
not yet begun :—

London-Tunbridge Wells, 4-tube coaxial.

Tunbridge Wells-Eastbourne (Eastbourne-Hailsham
section), 4-tube coaxial.

The coaxial tubes in all of these cables (except for
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the television tubes) are of standard type, that is, a
central copper conductor of 0-104 in. diameter, and an
outer conductor formed of a single copper tape folded
to form a cylindrical tube of inner diameter 0-370
in., the two conductors being positioned by hard
rubber discs and the whole tube wrapped with two
steel tapes. This type of construction has superseded
the older type in which the outer conductor was
formed of interlocking copper tapes.

The Birmingham-London six-tube coaxial cable is
a cable of novel design being laid to form the first link
in the extension of the B.B.C. television services as
well as to provide for additional trunk telephone
circuits from London to the North. For television
purposes the cable contains two coaxial tubes, roughly
1-in. overall diameter, of entirely new design, and for
telephony, four 0-370-in. tubes of conventional design.
The remainder of the space inside the outer sheath is
occupied by eight 40-lb. screeened pairs (for pro-
gramme transmission), sixteen 40-Ib. and eighteen
20-1b. audio pairs (for the control of the coaxial re-
peater equipment).

The television tubes are constructed with an inner
conductor in the form of a tube made by the longi-
tudinal folding of a copper tape. The inner conductor

is surrounded by spigot-ended polythene thimbles
which interlock to build up an articulated tube round
which the outer conductor of corrugated copper tape is
folded. The outer  conductor is held in position by
lapping with two steel tapes and the complete tube
insulated with tape. The complete composite cable is
lead-sheathed with an outer protection of compounded
hessian tape to minimise corrosion. For the major
portion of its length the cable will be drawn into a
conduit from which the old Birmingham-London
No. 2 cable is being withdrawn.

Repeater stations will ultimately be provided at a
nominal spacing of 3 miles throughout the route, in
order that the television tubes may be capable of
transmitting a bandwidth suitable for television
pictures with definition up to 1,000 lines. Initially,
these tubes will be repeatered at a nominal 12-mile
spacing permitting the transmission of pictures with
the present B.B.C. definition of 405 lines. The
0-370-in. tubes will be repeatered at a nominal
six-mile spacing allowing for the standard provision of
10 supergroups and 600 circuits.

Laying of this cable is now in hand from the London
end, and by the end of February about 17 miles
had been laid. Completion of cabling is expected by
the end of 1948,

Junior Section Notes

Brighton Centre

The 1947/48 session opened with a visit to the Southern
Railway signal box at Brighton station, where a good
company of our members showed keen interest in the
operation of the coloured light signalling system.

‘“ Recording ”* was the subject of a talk, given at our
first meeting in October, by Mr. H. M. Wells, AM.I.LE.E.,
and dealing with steel wire and magnetic tape recorders,
as well as the gramophone disc.

At our November meeting, Mr. D. C. Blair, AM.L.LE.E,,
gave an impromptu talk on various aspects of ‘‘ Staff
Problems ”’ and ‘“ Work Units,” which was extremely
interesting, and enjoyed by all members attending.

“ Motoring ”’ was the subject at our December
meeting and Mr. H. H. Bishop gave an expert account of
the technical side of motoring, illustrated by sound films.

A talk of outstanding interest, called ** From Sound
Track to Speaker,” was given at our January meeting
by Mr. N. W. Wooderson (British Acoustic Films Ltd.)
who dealt with various problems of 16-mm. sound
equipment. The latest type 16-mm projector was demon-
strated, and a film *“ How the Talkie Talks *’ was shown.

The session concluded with “ Trunk Lines, from
Copper Wires to Coaxial Amplifiers,” by Mr. F. N.
Charles, A M.ILE.E., in February, an account of the
development of trunk lines up to coaxial working, and
finally a film show in March.

Our membership this session has reached 115, with an
average of 40 per cent. attendance at each meeting.

R.F. J. B.

Harrogate Centre
The following officers were elected for the 1947/48
Season :—
Chairman : J. T. Winspear.
Secretary and Treasurer : L. Webster.

Committee : Messrs. E. G. Horsley, S. Smith, D. R.
Lewis, J. L. Bagley, G. Leckenby, J. G. Cameron.
The programme, now nearing completion, included the
following :—
“ Basic Auto,” J. T. Winspear.
“ Film Show,” Central Office of Information.
 Timber and its Uses in the Post Office,”G.F.Young.
‘* The Teleprinter,” L. Webster.
“ Film Show,” Central Office of Information.
““ Mechanical Aids,” J. W. Barratt.
. ““ Protection and Earthing,” T. A. Slater, AM.LE.E.
‘“ Remote Control of Fire Bells,” S. B. Watkins.
The papers, which were very interesting, gave rise to
most helpful discussions at well-attended meetings.
J.T.W.
York Centre

The current season of the York Junior Centre is
drawing to a close and a well-balanced programme,
catering for a diversity of tastes, has so far proved of
exceptional interest and has attracted an average
attendance of 25 out of a total membership of over 50.

The papers contributed to date have included the
following :—

“ Generation of Electric Power,”’
Corporation).

‘“ Aspects of Post Office Research,” P. Barton.

““ Telephone Area service in Rural Areas,” J. E.
Collins.

“ Outlines of Modern B.B.C. Stations,” D. R. Steen.

“ Film Show,” including Cathode Ray and the
Manufacture of Lead-covered Cable.

The running of the Centre is in the capable hands of
the following, who are all in their second year of office :—

Chairman : C. S. Mills.

Secretary : L. Chapman.

Treasurer : D. M. Peacock.

Assistant Secretary : J. N. Richardson.

Committee : Messrs. P. Barton, W. Foster, H.

Johnson and A. Steventon. L.C.

H. Hollis (York
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Notes and Comments

Recent Awards

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

members of the Engineering Department :—

Birmingham Telephone Area  Harvey, A. G.

Bradford Telephone Area Thurlow, C. A. ..

Dundee Telephone Area Duncan, J.

London Telecomms. Region . .

London Telecomms. Region .. Isles, A. R.
Nottingham Telephone Area  Jubb, R. R.
Swansea Telephone Area Phillips, G. D. ..

Assistant Engineer

Technician

Skilled Workman, .
Burgess, D. W. H. Skilled Workman,
Assistant Engineer
Clerical Officer
Skilled Workman,

Major, Royal
Signals

Corporal, Royal
Signals

Sergeant, Gordon
Highlanders

Signalman,
Royal Signals

Captain, Royal
Signals

Bombardier, R.A.

Corporal, Royal
Signals

Engineering Department Nash, R. W.

Sheffield Telephone Area Filton, J. H.

New Year Honours

Hostel Manager

Formerly Squad.
Ldr.,, RAF.

Member of the
Order of the
British Empire

Mentioned in

Despatches
Military Medal

Mentioned in
Despatches
King Haakon VII
Liberty Medal
Royal Netherlands
Bronze Cross

Mentioned in
Despatches

Croix de Guerre
with Palm
Member of the

Higher Clerical
Officer M.O.S. Order of the

For services to

British Empire

The Board of Editors offers its congratulations to the following members of the engineering staff of the Post
Office honoured by H.M. The King in the New Year’s Honours List :—

Engineering Department .. Daly, G.

Northern Ireland Region

Staff Officer

Worthington, C. E. Executive Engineer

Member of the Order of
the British Empire
Member of the Order of
the British Empire

Liverpool Telephone Area Foote, F. W. - Inspector British Empire Medal
London Telecomms. Region.. Hardy, R. H. Inspector British Empire Medal
Shrewsbury Telephone Area.. Holbrook, W. Technician British Empire Medal

Southampton Telephone Area  Cavill, J. S.

Southend Telephone Area

Tunbridge Wells
Telephone Area Bennett, J. C.

Royal Humane Society Awards

.. Skilled Workmaﬁ Cla.ss I
Hmce Miss B. E Female Assistant, Grade I

Skilled Workman, Class I

British Empire Medal
British Empire Medal

British Empire Medal

The Board notes, with pleasure, that the Royal Humane Society has recently presented its Testimonial on
Parchment to the following members of the Engineering Department, in recognition of gallant conduct in rescue

from drowning :—

Exeter Telephone Area .. .. .. Flay, R Technician
London Telecomms. Region Lang, V.T. .. Skilled Workman, Class IT
Taunton Telephone Area Moses, W. W Technician

Journal’s 40th Birthday

Vol. 1 Part 1 of this Journal was published in
April, 1908, and with the current issue we start on
our 41st year of publication. Commencing with a
circulation of about 3,000 copies per issue publication
has been continuous, in spite of the incidence of two
world wars. The circulation to-day is well over
18,000 and is world-wide.

In welcoming the appearance of the first issue,
Sir John Gavey, the then Engineer-in-Chief, wrote :—

“A new Electrical Journal is commenced to-day
which we hope will not only have a long andprosperous

»

career, but which is destined to have a potent influence
for good on the large body of men whom it is intended
to represent directly . . . In wishing success to our new
Journal let us not forget that success will depend on our
support which should be given in an ungrudging spirit.”
His words are alike a spur to those concerned in
producing the Journal and a reminder to members of
the Institution that the success of the Journal is
ultimately dependent on their efforts. The Board of
Editors, having in mind the many conflicting claims
on limited leisure time, takes this opportunity of
expressing its appreciation to all those who have
contributed in the past, and its confidence that
similar support will be forthcoming in the future.
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used for showing the official instructional fiims and for
holding fortnightly evening shows of documentary and
interest films which are loaned by the Central Office of
Information. These shows, which are a regular feature of
the school’s activities, have proved very popular with
the students and help to make a material contribution
towards education in its broader sense.

The welfare arrangements include a library and a
recreation room equipped with table-tennis, darts, and
sub-size.billiard table, and, of ¢course, a radio set. The
canteen is of paramount importance in any school at
which the majority of students are living away from
home, and in this respect the Penarth School has been

extremely fortunate. A pleasant dining-room and a well- -

equipped kitchen have been provided and the manage-
ment, consisting of a committee formed from the school
staff, were lucky in securing the services of a first-class
cook and helpers.

The training undertaken so far has been confined to the
Youths’ Courses and, in general, to the basic stages of
the remainder of the Regional School curriculum, but as
the teaching staff gain more experience and the school
becomes more fully equipped it will be extended to en-
compass the full range of courses.

The average intake to the school is reckoned to be
75 students at a time, with a maximum of 100, and
possessing, as it does, the distinction of being the only
Regional School by the sea it is confidently predicted that,
at least in the summertime, Penarth will have little
difficulty in reaching its target. H.C A L.

C. W. C. R

London Telecommunications Region
STANFORD-LE-HOPE (ESSEX) U.A.X.14

The conversion of the Stanford-le-Hope exchange
area to automatic working was completed at 1.30 p.m.
on Wednesday, 21st January, 1948, when a new
U.A.X.14 was opened to replace the existing C.B.S.2
manual exchange. An initial multiple capacity for
600 subscribers was provided and the exchange opened
with 393 working subscribers and 67 junctions. The
parent exchange is at Tilbury, a C.B.10 exchange, where
three positions have been converted for U.A.X. working.

Standard parallel battery automatic type charging
plant was provided with two 300 Ah batteries charged
by 15 A rectifiers.

The equipment contractors for the U.A.X. were
Ericssons and the rectifiers were supplied by the Electric
Construction Co. A W.C.

Scottish Region

AYR NON-DIRECTOR AUTO: NON-STANDARD
EXTENSION

Early in 1947, it became apparent that, owing to
building difficulties, the exchange extension programme
would not be completed in time to cater for the ever
increasing list of applicants for telephone service and it
was decided that some measure of interim relief must be
provided. In order to provide 300 subs. multiple and
calling equipments, the following rather unorthodox
modifications to existing equipment were made.

Ayr Non-Director Auto has a few single-sided racks
but most of the equipment is of the line-switch and final
unit type, the bank multiple on the final side being a
multiple of 16 banks on two shelves. To provide

additional final numbers, a careful scrutiny was made
of traffic records and overflow meter readings, and it was
decided that the banks of two final units could be split
without adversely affecting the grade of service to these
units, thus making available bank multiples for 200
final numbers. The bank multiple on each unit was split
into two, leaving one shelf of eight banks for the existing
numbers, and one shelf of eight banks for the new
numbers, the latter being cabled to a temporary I.D.F.

For the third hundred the traffic records and overflow
meter readings were again scrutinised, and it was found
that one shelf on a 200-outlet final rack could be made
available by disconnecting the tie cable between shelves
B and C; thus, shelf C was made available and one
hundred of this bank multiple was cabled to the tem-
porary I.D.F. The full 200 could not be ‘utilised as the
traffic would have been too heavy for the number of
switches which could be accommodated.

The final selectors for-the first 200 were obtained by

. robbing final units which were not heavily loaded ; the

final selectors for shelf C of the 200-outlet final rack
were supplied by the E-in-C from surplus equipment.
Test finals were not provided for these subscribers, but
trunk offering facilities were provided by modifying
three final selectors.

Three hundred subscribers’ calling equipments were
provided by the contractor, as an advance portion of
the exchange extension, 100 on an existing rack, and a
new rack of 200, which was fitted in a temporary position,
these being cabled to the temporary I.D.F. -

All the work, cabling, grading, etc., except the cabling
of the uniselectors, was carried out by the Department’s
staff. T. W. D.

North-Western Region
KIRKHAM (LANCS.) EXCHANGE TRANSFER

A unit automatic exchange of the No. 14 type was
opened for service on Thursday, 4th December, 1947,
thus replacing the C.B.S. No. 1 exchange which had been
in service for many years. The transfer involved 284
subscribers’ lines and 44 junctions.

The equipment was provided and installed by Siemens
Bros. and the work was taken over from the Engineer-
in-Chief’s Office in May, 1939, when contract equipment
works were devolved on the North-Western Region.
On the review of outstanding works soon after the out-
break of war, it was decided to complete the manufacture
of the equipment and store it on site in the new U.A.X.
building which had already been erected. Due to the
lapse of time between design and the transfer, additional
equipment was required and, after manufacture, this
was installed in conjunction with the stored items on
site. The new exchange is parented on Preston, and
access to subscribers on ten other automatic exchanges is
obtained ‘through the parent exchange by dialling. A
non-parent route to Blackpool gives access to 13
exchanges via the auto-manual board. Three other non-
parent routes serve two automatic exchanges and one
manual exchange, while calls to two manual exchanges
are routed through the parent automatic equipment.

The territory served by Kirkham exchange is largely
rural and some lines of considerable length exist in the
area.

The engineering staff carried out all the preparatory
work in a praiseworthy manner, thus ensuringa successful
transfer. Ww. O.




Staff Changes

Promotions
Name Region Date Name Region Date
Tel. Man. to C.R.E. S.W.I. to Inspector
Procter, W. S. Scot. Reg. to L. T. Reg 1.1.48 Nokes, W. J. 1o T. Reg. .. 12.11.46
Adams, W. N. E. Reg. .. 4.1.47
A.S.E. to Staff Engr. Samuel, J. H. N. E. Reg. .. 4.1.47
Booth, C. F. E.-in-C.O. 13.1.48 Druce, J. E. W. & B. C. Reg. 31.1.47
Gray, A. L. P. Reg. .. 12.3.47

A.S.E. to Asst. Secy. Payne, A. J. L. P. Reg. 12.3.47
Hibbs, A. E.-in-C.O. to Personnel Martin, H. W. B. L. P. Reg. 12.3.47

Dept. 4.1.48
Exec. Engr. to A.S.E. Sen. Chem.to P.S5c.0
Anderson, E. W. E.-in-C.O. to H.C. Reg 31.12.47 Linch, R. E.-in- 1.1.46
Mitchell, H. T. E.-in-C.O. .. 22.1.48 Hourigan, H. F. .. E.-in-C.O 1.1.46
Creighton, J. L. E.-in-C.O. 22.1.48 Downes, A. D. W. .. E.-in-C.O 1.1.46
Area Engr. to Principal Exec. Engr. to P.Sc.O.
Bland, F. E. Scot. Reg. to Min. of Coombs, A. W. M. E.-in-C.O 17.12.47

Health 12.1.48
Engr. to Evec. Engr. Phys. or Chem. to S.5¢.0.
Angus, J. L. Scot. Reg. 12.1.48 Bull, R. L. .. E.-n-CO 1.1.46
Easterling, C. E. E -in-C.O. 26.11.47 Walker, E. V. .. E.-in-C.O 1.1.46
Lawrence, J. A. E.-in-C.O. 1.1.48 Rickard, E. F. E.-in-C.O 1.1.46
Burgess, A. G. E.-in-C.O. 26.11.47 Garrett, F. S. E.-in-C O 1.1.46
Harding, T. C. E.-in-C.0. 26.11.47
Phillips, S. A. E.-in-C.O. 26.11.47 Phys. or Chem. to S.Exp.0.
Sharpe, H. T. A. L. T. Reg. 2.12.47 Peirce, J. G. E.-n-C.O. 1.1.46
Carrette, A. D. N. E. Reg. 1.1.48 Taylor, E. A. .. E.-in-C.O. 1.1.46
Piggott, E. C. C. Mid. Reg .. 1.1.48 Rayner, L. W. W. .. E.-in-C.O. 1.1.46
Glass, C. G. L T.Reg. toN.W. Reg 2.12.47 Bowcott, H. J. . E.in-C.O. 1.1.46
Lewis, S. G. E.-in-C.O. . 19.12.47 Edwards, W. T. E.-in-C.O. 1.1.46
Rudeforth, S. E.-in-C.O. 19.12.47
Macpherson, A. E.in-C.O. 8.2.48 T. Fem. Phvs. to S.Exp O.
Hedges, E. W. E.-in-C.O. . 8.2.48 Lovett, Miss C. M. E.-in-C.O. 1.1.46
Hawkins, C. F. W. L.T.Reg. to E. ‘in-C. O 23.1.48
O’Roark, A. F. S. W. Reg. to H.C. Reg. 8.2.48 Evp.O. %0 S.Exp.O.
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Asst. Engr. to Engineer Paul, W. A. J. E.an-C.0. 12.5.47
Butcher, W. N. W. Reg. . 12.1.48 Asst. Chem. to Exp O. N
‘Wadeson, D. E. Scot. Reg. to S. W Reg 15.12.47 Terrett, L. E. E.-in-C. 1.1.46
Sma}lwood, W. K. E.-n-C.O. .. 8248 Taylor, P. E. E.-in-C.O 1.1.46
Davis, A. T. . Mid. Reg. 10.2 48 Woodward, J. A. W. E.-in-C. 1.1.46
Asst. Engy. to Prob. Engr. Techwician to Exp.O.
Partridge, J. G. N. e Reg. to B-in o Hancock, A. N.E.Reg. to E-in-C.O.  19.1.48
Tattersall, R. L. Scot. Reg. to E.-in-C.O.  1.12.47 -
Hudson, G. K. N.E.Reg. to E.-in-C.O. 5.1.48 Tech. Asst. to A.R.M.T.0.
Burton, R. N. N.E.Reg. to E.-in-C.O. 5.1.48 Longwood, A. L. H. C. Reg. 11.2.48
A.T.S. to Prob. Engr. Mech. i[c to Tech. Asst.
Fenemore, R. W. H.C.Reg. to E.-in-C.0.  15.12.47 Coppin, W. L. N. W. Reg. to London  26.11.47
Tech. to Asst. E Thwaites, J. B. H. London to E.-in-C.O. 11.1.48
Zch- o dsst. Engr. Short, R. N.W.Reg.to E-in-C.O.  26.11.47
Thompson, C. F. N.IE. Reg. 10.2.47 Brown, G. Mid. Reg. to London 28.12.47
Boon, W. H. H. N._E. Reg. 31.5.47
S.W.I. to Asst. Engr. Sec. Off. to Ch. Of. iﬁfﬁt o Ch. Off. ML dyicl 5047
Stansfield, R. N.E. Reg. .. 4147 Marshall, J. SRS AT R
McCutcheon, A. W. & B. C. Reg. 31.1.47 Fourth Off. to Third Off.
King, . N.E. Reg. .. 1247 Hoar, W. A. HM.T.S. Monarch to
Tech. to Inspector HM.T.S. Ariel 9.2 48
Wade, C. W. H. C. Reg. 10.1.47 Fifth Engr. to Fourth Engr.
Agutter, S. J. H. C. Reg 10.1.47 Clews, E. S. HM.TS. Iris to
Dodgon, S. W. H. C. Reg. 11.2.47 e HM.T.S. Alert 23.6.47
Gunner, C. H. C. Reg. 11.2.47 Creighton, E. S. HM.T.S. Monarch to
Waters, F. J. H. C. Reg. 11.2.47 HM.TS. Iris 10.1 48
Lawson, J. M. .. H.C. Reg. 17.2.47
Sykes, R. P. e . C. Reg. 17.3. ,
Martin, S. W. ' TE Reg, 12347 Dman CL 11 to D'man Cl. I.
Penn, E. E. L. P. Reg 12.3.47 Smith, G. H. E.-in-C.O. 21.12.47
Newton, C. B. L. P. Reg. 12.3.47 Taylor, E. W. E. E.-in-C.O. 28.12.47
Roe, R. J. H. C. Reg. 11.4.47 Prior, H. W. E.-in-C.O. 7.3.48
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Transfers
Name Region Date Nme Region Date
C.R.E. ] Asst Engr. —contnued
Morris, A. L.T.Reg. to E.-in-C.O. 1.1.48 Brooker, H. J. E.-in-C.O0. to South
African P.O. .. 4.12.47
Exec. Engr. McNab, A. M. E.-in-C.O. to Scot.Reg.  10.12.47
Armstrong, R. G. N.W.Ree. to E.-in-C.O. 2.19.47 Clark, R. M. E.-in-C.O. to Scot.Reg.  10.12.47
Young, T E. W Reg ol Re% 1148 Heath, F. J. E.in-C.O. to Scot.Reg,  10.12 47
’ ’ ’ Coulman, A. H. S.W.Reg. to E.-in-C.O. 1.1.48
Engineer Tinsley, W. S. E.-in-C.O. to L.T.Reg. 18.1.48
Goldsmith, F. H E.-in-C.O. to Scot.Reg.  28.11.47 Ratchl, D. J. E-in-C.O. to S.W.Reg. 1.1.48
. ‘Woodward, G. W. E.-in-C.O. to Foreign
Chapman, S. D. E.-in-C.0O. to S.W.Reg. 1.12.47
H . . Office .. .. 1.2.48
opkinson, E. E.iin-C.O. to N.E.Reg. 1.1.48 Johnston, E. J. N.W.Reg. to E..in-C.O. 1.2.48
Hull, J. A. E.-in-C.0O. to N.E.Reg. 1.1.48 B
. s Anderton, M. F. D. E.-in-C.0O. to N.E.Reg. 8.2.48
Neal, C. W. B. E.-in-C.0O. to Adm’alty 1.1.48 Lin- i
. Scholey, D. H. A. E.-in-C.O. to Colonial
Haley, G. L.’I_‘.Reg. to E.-in-C.O. 24.1.48 Service . . 14.2.48
Draper, J. H. P. E-'l{frl;g-so- to Min. of 09,48 Foskett, G. E. Scot. Reg. to E<in-C.O.  22.2.48
Collins, P. T, LT.Reg. to South ’ Inspector
African P.O. .. 11.2.48 Boast, T. W. E.-in-C.0O. to N.E.Reg. 15.12.47
Waldram, A. H. T. E.-in-C.O0. to Sonth
African P.O. .. 11248 Tech. Asst.
Asst. Engr. Elder, D. London to S.W.Reg. .. 1.12.47
Attree, V. H. E.-in-C.O. to Min. of D'man Cl. 1
Supply 16.5.47 Holt, J. V. O. Scot. Reg. toN.E. Rez.  29.2.48
Retirements
Name Region Date Name Region Date
Exec Eney. Inspectoy
Preston, S. N.E. Reg. 31.12.47 Hishon, C. H. H C. Reg (Resigned). . 31.7.47
Thorn, B. K. Mid Reg. 31.12.47 Godden, A. J. R. H.C. Reg. .. .. 12.9.47
Freestone, A. G. L.T. Reg. 31.12.47 gg‘;;‘t’v?'E LI g:g . G547
Chapman, F. G. E.-in-C.O. 7.2.48 H'Sh(’)n, D. H.C Reg. 6.10.47
Engineey Rastall, G. H. N.E. Reg 10.10.47
—_— . . Hankin, J. H.C. Reg 23.10.47
Bellairs, G. F. E.-in-C.0. (Resigned) 17.12.47 Kelt, W. Scot. Reg 7.12.47
Davey, H. B. W. & B.C. Reg. 31.12.47 Galloway, J. Mid Reg. 31.12.47
Stark, W. Scot. Reg. 31.12.47 Denton, W. T. H.C. Reg 31.12.47
Chany, F.T N.W. Reg4 31.12.47 Court..A. F. H.C. Reg 31.12.47
Smith, A. E. HC. Reg. 31.12 47 Farrow, A. W. H.C. Reg. 31.12.47
N Chisholm, H Scot. Reg. 31.12 47
Moon, F. H. N.W. Reg. .. .. 31.12.47 Pascall, E. L.T.Reg. 31.12.47
Murgatroyd, A. N.E. Reg. (Resigned) 31.12.47 Gould, H. L.T. Reg. 31.12.47
Johnson, R. P. Mid Reg. .. . 3.2.48 Connor, J. N.I. Reg. 17.1.48
Reid, W. A. Scot. Reg 13.2.48 Gadd, C. A. L.T. Reg. 26.1.48
Gardiner, E. R. B. Mid Reg. .. 31.1.48
Asst. Engr. Vernon, C. H. W. & B.C. Reg. 18.2.48
Harris, K. E. H.C. Reg. (Resigned) 19.9.47 EOLQCGHAVX ﬁigV-Rlzig .. ;?-g-ig
Griffith, D. A. C. L.T. Reg. (Resigned) 30.11.47 ant, A A TS -
Evans, W. P. Mid Reg 31.12.47 Asst. Exp. Officer,
Humphreys, H. L. L.T. Reg. 31.12.47 Falkner, Miss E. C. S. .. E.-in-C.O. {Resigned) 17.1.48
Dawson, R. E. N.W..Reg. 31.12.47 D'man CT T,
Choldcroft, E. E.-in-C.O. 31.1.48 Sabine, D. C. W. S. W. Reg. (Medical
Middlemiss, W. A. Scot. Reg. 14.2.48 Gds.) .. 9.11.47
Deaths
Name Region Date Name Region Date
Engineey . Asst. Engr.—continu-d
Naylor, W. H. G. H.C. Reg 19.11.47 Harbage, H. Mid. Reg. .. 19.12.47
Martin, B. R. E.-in-C.O. 5.12.47 Foott, W. E. E.-in-C.O. (T.S.) 24.12.47
Inspector
Asst. Engr. Lanfear, E. S.W. Reg. 6.12.47
Pritchard, H. W. & B.C. Reg. .. 11.11.47 Milburn, T. J. N.E. Reg. 6.12.47




L
CLERICAL GRADES
Promotions
Name Region Date Name Region - Date
EO.to HE.O. C.0. to E.O.—continued
Norris, S. A. E.-in-C.O 9.2.48 Griffiths, Miss O. A. E.-in-C.O. 1.11.47
Sawtell, G. K. E.-in-C.O 1.3.48 Coomber, E. J. E.-in-C.O. 1.11.47
Jones, H. P. E.—.in—C.O. 1.11.47
0. 0 E.O. Ellingham, J. B E.-in-C.O. 1.11.47
g___o____ Yearley, R.IR. E. in-C.O. 1.11.47
Vipond, G. E.-in-C.O. 1.11.47 McCready, R E.-in-C.O. 1.11.47
Henaerson, H. F. E.-in-C.O. 1.11.47 Morris, J. E.-in-C.O. 26.1.48
Sturges, A. F. R E.-in-C.O. .. 1.11.47 Diamond, W. B. E -in-C.O. 26.1.48
Merrony, A. E. London Test 1.11.47 Page, W. G. E.-in-C.O. 25.2.48
Ramnbow, H. R. E.-in-C.O. 1.11.47 Holliday, J. H. E.-in-C.O. 25.2.48
Faulkner, N. L. E. in-C.O. 1.11.47 Rainbird, F. C. E.-in-C.O. 25.2.48
Transfers

-~

Name Region Date Name Region Date
Staff Officer Exec. Officev—continued

Walker, F. H. E.-in-C.0. to Min. o Jones, A  E. E.-in-C.O. to Mm. of
Nat. Ins. .. .. 9.2.48 Nat. Ins. .. .. 1.3.48

E o Lewis, E. T. S. E.-in-C.O. to Min. of
Exec. Officer Nat. Ins. . 1.3.48

Yearly, R. R. E.-in-C.0. to P. & T. Pearson, K. E.-in-C.O. to Min. ot
Gold Coast 9.1.48 Nat.Ins o 15.3.48
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A new series of

FOR BROADCAST REL AYX

With output of 250, 500 & 1,000 watts, these amplifiers incor-
porate the latest technique in electrical and mechanical design.

Specification of the Savage Mark Il Kilowatt Amplifier

Output - - - 1,000 watts Gaim ' =o, - - 2o 84 dB
Qutput regulation - 9% (0-8dB) Noise level - - - - -72dB
Total Distortion Frequency response

@ 1,000~ <0.75% 50-10,000~ *1dB

SAVAGE AMPLIFIERS

W. BRYAN SAVAGE LIMITED

WESTMORELAND ROAD o LONDON, N.W.9 e Phone: Colindale 7131

Once again available

A Handboolk of
TELECOMMUNICATION

By Bertram S. Cohen, O.B.E., M.LE.E., F.Inst.P.

Edited by F. G. C. Baldwin, O.B.E.,, M.LE.E. An important and
much needed book describing in full technical detail and w:th
numerous illustrations, present practice and the latest developments
in telegraphy and telephony. Information, much of which has
hitherto been unpublished, is not confined to British practice, but
includes accounts of techniques in use in other European countries
and in the U.S.A. An invaluable book for Post Office electrical
engineers, lecturers and students. 30s. net.

Pitman Books

L

Whittaker’s
ELECTRICAL
ENGINEER’S

Pocket Book

Edited by R. E, Neale, B.Sc. (Hons.),
ACGI, AMIEE. The nost

‘amazing collection of practical and

up-to-date information including dia-
grams, tables and data relating to
every kind of electrical work. Entirely
written by specialists in each partizular
branch in electrical engineering.
Seventh edition. 30s. net.

AR

J

Pitman House, Parker Street, Kingsway, London, W.C.2
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TELEPHONE CABLES
OUR LATEST BROCHURE No. 9E (1947)
IS NOW AVAILABLE, GIVING INFOR-
MATION AND SPECIFICATIONS FOR A
WIDE RANGE OF TELECOMMUNICA-
TION CABLES MANUFACTURED BY US.
COPIES WILL BE SENT ON REQUEST.

gy llRELLI-UENER;I. sl

CABLE WORKS, Ltd., SOUTHAMPTON.

Electrical Standards for

DECADE RESISTANCES Research and industry
B suaaeed Testing and Measuring Apparatus

for Communication Engineering
001%  003% 0%

SUPPLIED BOXED OR FOR
CLIENT’S OWN PANEL

HIGHLY LAMINATED BRUSHES

LOWER DECADES OF ABSOLUTELY
CONSTANT INDUCTANCE

EQUALLY SUITABLE FOR HIGH FREQUENCY
LOW FREQUENCY OR DIRECT CURRENT

A NOVEL FEATURE.—Minimising
the Residual Inductance and High

H = w. S U L L I v A N Frequency Resistance Error.

A patented method of reactance compensation is employed on the

— LIMITED — higher decades which compensates automatically for the screen capaci-

tance and so renders the effective residual inductance sensibly

LONDON, S E_I5 independent of the method of screen connection. In addition,
the user may, at will by the simple operation of a switch, adjust the

Telephone : New Cross 3255 (P.B.X.) reactance or resistance error sensibly to zero at the higher frequencies.
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