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A Cable-Fault Locator for Submarine Cables
G. J. CRANK, B.sc.(Eng.), AMILEE., and H. A, HATHAWAYT

U.D.C. 621.317.333.4:621.315.28

D.C. tests to locate faults in submarine cables do not always yield

reliable results, and skill and experience are necessary to obtain

accurate locations. A portable tester employing the impedance/

frequency method of fault location has therefore been developed,

and this tester enables rapid and accurate results to be obtained
in a simple manner.

INTRODUCTION

URING the course of a submarine-cable repair it is
Dfrequently necessary for fault-location tests to be

made from the cable ship, and it is clearly important
that rapid and reliable results should be obtained. The
smaller cable ships are normally provided only with d.c.
equipment for such tests, and under certain fault con-
ditions results can be both difficult to obtain and
unreliable. For this reason the fault locator® described
in this article was developed.

In deciding the form of the fault locator the following
were considered to be the basic requirements:

(a) The equipment should be suitable for operation on
all types of cable.

(b) The range of location should be at least 1-20
nautical miles.

(¢) The instrument should be quick and simple to
operate.

(d) Specialized knowledge or skills should not be
required in using the equipment.

(e) Reliability should be of a high order; periodic
alignment or maintenance should not be necessary.

(f) The equipment should be compact and readily
portable to allow occasional operation from a small boat
or remote shore station.

(2) The instrument should be suitable for operation
from a.c. mains or from a battery.

Broadly speaking, there are three basic types of fault-
location tests available: d.c. tests, pulse tests and im-
pedance/frequency tests. The impedance/frequency
method of testing was chosen for the purpose in hand,
the major disadvantages of the other two methods being
as follows:

D.C. Tests. D.C. tests are often complicated by earth-
current interference that can, when severe, render fault
location impossible. The variable nature of the fault
resistance under different test conditions has a profound
effect on the accuracy with which the location can be
made and also on the time taken to perform the tests.
The majority of d.c. tests require a skilled and experienced
operator to obtain an accurate location.

Pulse Tests. The very high attenuations of some of the
old gutta-percha telegraph cables make them unsuitable
for the satisfactory application of pulse techniques
because of the restricted bandwidth that can be used.
Also, in view of the complexity of pulse equipment, it
would be very difficult to design, in a reasonably portable

T Test and Inspection Branch, E.-in-C.’s Office.

* Patent Application No. 11567/61.

1 BrAy, P. R. Fault Localization on Submarine Telegraph
Cables by the Impedance/Frequency Method. Ph.D. Thesis,
London University Library, 1956.
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form, an instrument to meet the requirements (a)-(g)
previously mentioned.

As the equipment normally associated with im-
pedance/frequency tests is basically simple, and since the
method is readily adapted to cover wide ranges of loca-
tion or different cable types simply by the correct choice
of frequency range, the equipment described has been
designed to employ this method of fault location.

IMPEDANCE/FREQUENCY METHOD OF FAULT LOCATION

The impedance/frequency method of fault location is
based on the modification of the sending-end impedance
of a cable that occurs due to reflections from an im-
pedance mismatch caused by a fault.] Considering, for
example, voltage components, the reflected signal will
either aid or oppose the applied voltage, depending upon
the relative phase of the two signals, and this phase
relationship will depend upon the total phase change to
the fault and back. The total phase change will be deter-
mined by the cable characteristics, the test frequency, the
reflection coefficient of the fault and the distance to the
fault. Assuming that the first two quantities are known,
and that the angle of the reflection coefficient is constant,
then the distance can be derived.

Thus, if the sending-end impedance of a faulty cable is
plotted over a suitable frequency range the resulting
impedance/frequency curve will have a superimposed
ripple, caused by the successive phasing in and out of the
transmitted and reflected signals over the frequency
range. The distance between the successive peaks (or
troughs), or ‘“frequency interval” as it is commonly
termed, in conjunction with the cable phase constant,
can be used to determine the distance to the fault.

The magnitude of the ripple depends on the severity
of the fault and the total attenuation to the fault and
back; the more distant the fault, i.e. the greater the total
attenuation, the smaller the ripple. The ultimate range
of the method is, therefore, limited by the cable attenua-
tion. Since this quantity is frequency dependent (de-
creasing as the frequency is lowered) the range of location
can be increased by reducing frequency. A limit is
reached where the change of cable characteristics with
frequency is such as to affect the simplicity of the method.
and indeed the basic assumption regarding the angle of
the reflection coefficient becomes untrue for other than
full reflections. However, these considerations only
become important at frequencies below the range of the
instrument to be described, i.e. if fault distances of
hundreds of miles are being considered. For the range of
location under consideration there is an optimum
frequency range with which a fault can be located, and a
portion of the frequency spectrum that gives a well-
defined ripple is selected.

A possible disadvantage of the standard impedance/
frequency method is the complex impedance/frequency
response that is obtained if more than one impedance
discontinuity exists on the line; individual fault location
may then be difficult or almost impossible. However, as






quency response of the fault locator is made the inverse
of the cable characteristic. Ideally, therefore, on a perfect
cable the resulting overall meter deflexion is constant
with frequency, and ripples on faulty cables are not
masked by the steepness of the impedance/frequency
characteristic. It is only necessary to employ this tech-
nique on the older small-diameter cables (to which the
low-frequency response of the amplifier is equalized) as
the lower attenuation of the modern cables normally
permits the use of higher frequencies at which the
impedance/frequency characteristic is substantially flat.

Other Applications

The fault locator has been designed specifically
for use on submarine cables, and nautical-mile calibra-
tions have been used. No radical change is, however,
required to use it on land cables, other than to provide the
appropriate K constants. If these constants are in terms
of statute miles, the milage scales are automatically
related to statute miles without re-calibration. If
required, the K constants can be made continuously
variable by substituting a variable inductor for switched
inductors.

As previously stated, impedance/frequency locations
are considerably complicated by the presence of more
than one major impedance irregularity, and the present
fault locator is not really intended for use in such cir-
cumstances. However, its usefulness in such circum-
stances could be considerably extended by the addition
of frequency scaling to the milage ranges, and impedance
scaling to the meters and associated gain controls. In
this way the fault locator could be used for obtaining
comparatively rapidly an impedance/frequency graph,
which in many instances would enable a trained operator
to make a satisfactory location if two irregularities were
present.

The main use for a modification of this type would be
in fault location through a submerged repeater, as the
frequency range of the fault locator extends into the
low-attenuation band of some types of repeater power-
separating filter. It should, therefore, be possible to
detect impedance irregularities on the remote side of a
repeater, but it would normally be necessary to use more
elaborate methods for interpreting the results, as in the
impedance/frequency bridge methods already employed.

CIRCUIT DESCRIPTION

The circuit arrangement is shown in Fig. 2. Excluding
the power-supply circuits, seven valves, three of which
are double triodes, are used. The valves are soldered-in
“reliable” types, and electrolytic capacitors are not
employed.

OSCILLATOR SECTION ! CONSTANT-CURRENT-OUTPUT

AMPLIFIER

V1| 2] ostitiaton

5B
450Kkcfs V3B  435kch M

V2 r‘ SetitiaTon . AGLC

C.F.—Cathode follower

I .
Sty 1T

The variable oscillators V1 and V2 employ a Colpitt’s-
type circuit, as this avoids the complication of switching
tapped or coupled coils for each Krange. The coils are
wound on small Aladdin formers through the centre of
each of which a 6-B.A. brass screw can be screwed in or
out to give a fine degree of adjustment. Identical coil
sets, closely sited but screened from each other, are used
in each oscillator and are switched by a common control.
This ensures that the initial oscillator settings (fully
anti-clockwise) give a low audio difference-frequency, so
that zero setting is comparatively simple. In each of the
variable oscillators the fixed capacitance has a much
higher value than the variable capacitance, and so it has
only been necessary to centre-tap the fixed portion of the
capacitance, the variable portion being connected right
across the tuned circuit. This avoids duplicating all the
shaped-capacitance laws and reduces the size of the
variable capacitors. The design of the oscillators is
discussed further in Appendix 3.

As the fixed capacitance in the variable oscillators is
relatively large, the scale shapes are completely inde-
pendent of valve changes and aging effects. Also, as both
oscillators are practically identical, their drift rate is
similar and a stable difference-frequency is obtained.
The instrument can therefore be used immediately after
switching on as the location will not be affected due to
warming up.

The modulator, V3A, is a triode operating under
square-law conditions. A high-impedance low-pass-filter
section is connected in the anode circuit and this filter
attenuates the fundamental variable-oscillator frequencies
and prevents them overloading the ensuing cathode-
follower stage, V3B. This stage provides the necessary
impedance conversion between the modulator and the
low-pass filter.

The low-pass filter has a cut-off frequency of 435 kc/s
and a design resistance of 200 ohms. It comprises two
constant-k sections, an m-derived section (having an
infinity point at the lowest variable-oscillator frequency)
and matching half-sections at each end to ensure that
no peaks occur in the pass band of the filter.

It is, of course, essential that the overall frequency
response of the fault locator should be quite smooth so
that any ripples shown on the meters are due to cable-
impedance deviations and are in no way introduced by
the equipment. For this reason the amplifier following
the low-pass filter employs overall automatic gain
control (a.g.c.). This amplifier has three stages, V4, V5
and V6A, including a cathode-follower output stage
(V6A), the a.g.c. being taken from the cathode of this
valve to the grid of the first amplifying valve, V4. The
response of the amplifier and associated a.g.c. circuits
is shaped to give the inverse cable response, as previously

! MAIN-METER AMPLIFIER l EXPANDED-SCALE METER CIRCUIT

MI

ol

HT+

YTIA V7B N\QTE

Note: Prevents reverse deflexion

f«—0.C COUPLED

FIG. 2—BLOCK SCHEMATIC DIAGRAM OF FAULT LOCATOR
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discussed. The shaping continues up to about 10 kc/s,
above which the overall response of the system is sub-
stantially flat up to 420 kc/s.

The output of the cathode follower is taken to the
cable terminals via a blocking capacitor and a 2,000-ohm
series resistor. As this impedance is high compared with
cable impedances, a substantially constant-current
output is obtained.

An output for a high-impedance loudspeaker is taken,
via a non-locking push-button and a blocking capacitor,
from the cathode of the output stage.

The input to the meter amplifier is taken from the
output terminals, across which the cable is connected,
via a small blocking capacitor. The first stage in this
amplifier, V6B, provides the necessary gain for the main
meter M1 and ensures that there is no meter-loading
effect on the cable impedance.

The expanded-scale meter M2 is direct coupled from
the main meter via a 2-stage d.c. amplifier. The first of
these two stages, V7A, provides the extra gain, and the
second stage, V7B, is a cathode follower to provide the
necessary low source-resistance for driving the backed-off
expanded-scale meter. The backing-off voltage is
obtained from a tapping across the h.t. supply; it is this
voltage that determines the magnification of the ex-
panded-scale meter relative to the main meter. Excessive
magnification is not desirable for normal use because
meter setting would become critical; it would have to be
re-set more often and noise variations would be more
prominent. A magnification of about 15 times has
accordingly been provided as being the best sensitivity
for general-purpose work. Direct coupling between the
meter circuits is used to prevent the introduction of any
relative frequency response between them, as such a
response could easily give misleading results under
certain fault conditions.

The gain of the main-meter amplifier decreases rapidly
below the lowest test frequency (300 c/s) so that unwanted
mains-frequency and earth-current interference is ade-
quately rejected. Thus, several volts of hum pick-up on
the cable (which would be much higher than normally
encountered) does not in any way affect the fault location.

The meters are safeguarded from overload by Zener-
diode limiting circuits. They do not introduce any scale
cramping but they do ensure that under no condition can
more than twice full-scale current flow through either
meter.

As the mains supply voltage on some ships is liable to
fluctuation, a stabilized h.t. supply has been used. The
low output-impedance of this unit has allowed much
individual stage decoupling to be dispensed with, thus
permitting a reduction in the number of circuit com-
ponents.

The inclusion of a transistor-type converter permits
the set to be operated from batteries if required. Separate
mains and battery leads are provided having multi-pin
connecting sockets so arranged that when the appro-
priate lead is inserted the necessary connexions are
automatically made for the method of operation selected.
The individual h.t. and L.t. requirements are:

H.T. 70 mA at 250 volts.

L.T. 2:1 amp at 63 volts.

For battery working one 6-volt accumulator is required
from which the drain is about 7 amp.

OPERATING PROCEDURE
Initially, certain controls, colour-coded with a green

dot, have to be set fully anti-clockwise. These controls
are the variable-oscillator controls and the expanded-
scale control. This setting ensures that the frequency is
near zero and the expanded-scale meter is not in use.
The controls are numbered in sequence of operation,
and the operating procedure is as follows:

(a) The first control, the CABLE TYPE SELECTOR, is
switched to correspond to the particular type of cable
under test.

(b) The second operation is to set the b.f.o. to zero
frequency. A small loudspeaker is provided to facilitate
this operation, and it is brought into circuit by means of
a non-locking push-button, thus permitting aural zero-
setting.

(¢) The search-oscillator frequency is varied and the
fault ripple is investigated on the main meter.

(d) The gain control for the main meter is set so that
peak deflexions are occurring close to full-scale deflexion.

Having obtained the correct gain setting and picked a
suitable peak (or trough), the search oscillator is set
precisely to this point. If the fault ripple is of small
magnitude the expanded-scale meter can be brought into
operation and this gives a magnification of about
15 times compared with the normal-scale meter. Thus,
peaks or troughs caused by more distant faults can be
accurately observed. The fault position is obtained by
setting the second peak, using the calibrated oscillator,
and reading the fault distance off the appropriate scale.

For normal faults the whole procedure can easily be
completed and the location made in less than a minute.

Greater accuracy can be obtained if required by
measuring the distance (2nm radians) over a number of
peaks (or troughs) #» and multiplying the final result by
n, the number of peaks (or troughs) traversed. For
example, if ten peaks (20w radians) are traversed by the
calibrated oscillator and the setting of the tenth peak is
5-8 nautical miles, then the fault distance will be
58 nautical miles. This procedure tends to average out
any setting error and may also be used for increasing the
calibrated range of the fault locator.

Alternatively, should the fault be nearer than the
minimum calibrated distance of } nautical mile, the
distance between a peak and adjacent trough can be
measured and the result halved. This, then, brings the
minimum location range down to } nautical mile.

However, for the majority of locations the normal
operating procedure gives satisfactory results and avoids
unnecessary complication.

CONCLUSION

A submarine-cable-fault locator for use in cable ships
has been described. The aim has been to produce a
portable equipment that, with a minimum of complica-
tion, can be used for speedy and accurate location of
faults on all types of cables.

The fault locator has been tried at the Post
Office Submarine Cable Depot and has had considerable
use aboard H.M.T.S. Iris.

The longest length of cable so far available for test has
been 70 nautical miles of transatlantic-telephone-type
0-62 in. coaxial cable in the depot. Using more than one
frequency interval (as previously described) precise
locations could easily be made to the far end of the cable.
The magnitude of the ripple obtained suggested that the
location range could have been extended considerably
on cable of this type. .

Reports received from H.M.T.S. Iris show that a
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number of successful locations have been made, with a
good degree of accuracy. The fault locator has been
found particularly useful when the ship has been working
without co-operation from the shore.
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APPENDIX 1
Relationship between Distance to Fault and Change in Frequency
of Calibrated Oscillator
A typical impedance/frequency curve of a faulty cable, two
adjacent peaks occurring at frequencies F, and F;, is shown in
Fig. 3. If x is the distance to the fault, then:
K

X =

AF F,—F,
where K is the normally-accepted ‘‘constant™ used in fault loca-
tion and is numerically equal to half the cable phase velocity.

IMPEDANCE

FREQUENCY
FIG. 3—TYPICAL IMPEDANCE EREEEENCY CURVE OF A FAULTY
A

In the above example the output frequency of the b.f.o. is F
having particular values F, at the first selected peak and F;
at the next adjacent peak. The use of a b.f.0. having two com-
ponent oscillators variable over a wide range enables the second
(or calibrated oscillator) to be used for measuring the frequency
interval (AF) only, and, as already indicated, this is inversely
proportional to fault distance. The first oscillator is used only
for setting the b.f.o. to a suitable peak (or trough) F,, thus en-
abling the calibrated-oscillator control to commence from scale
zero (“infinity”” miles, because distance is inversely proportional
to frequency change) and measure the frequency interval.

To avoid the possibility of misleading readings it is arranged
that the minimum frequency to which the calibrated oscillator
can be set is equal to the maximum frequency to which the
search oscillator can be set. This corresponds to fully anti-
clockwise rotation of both oscillator controls, and under these
conditions let the frequency of each oscillator be f,, the total
tuning capacitance of each oscillator be C,, and the inductance
of each be L.

At the commencement of a test, both component oscillators
are set to f, (infinity miles on the calibrated oscillator) so that the
output frequency is zero. The search-oscillator frequency is
then reduced until a suitable peak (or trough) is found to which
it is precisely set; let its frequency at this point be f;. The output
frequency (Fig. 3) is then Fy, = f, — f..

The calibrated-oscillator frequency is then increased until the
next adjacent peak (or trough) is located (F; in Fig. 3); let the
calibrated-oscillator frequency at this point be f; and the reduction
in tuning capacitance required to produce this frequency change
be 8C. Then, since the search oscillator setting has remained
unaltered F; = f; — f, and, therefore, if x is the distance to the
fault,

K K K

szl_Fo:(fl_fs)_(fo’“fs):f1~f0
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20\ L(C — 8C)  2m\'LC,,
Ly = IZ”K‘/L o e (1

’\//Cm 7‘6?‘ \/Fm
From equation (1) it is apparent that the distance to the fault,
X, can be expressed in terms of the reduction in capacitance, 8C.

APPENDIX 2
Milage Scale of the Calibrated Oscillator
To obtain the capacitance/distance law for the calibrated
oscillator it is necessary to rearrange equation (1), Appendix 1;
this gives:

5C= C, — (;X .................... @)

This law has been plotted in Fig. 4 using the values of C,, and
K+/L applicable to the present design. Examination of the
resulting curve shows that if a conventional type of variable
air-capacitor had been used for the calibrated oscillator a very
non-uniform milage scale would have been obtained.

300

e
[~
o

J—

DECREASE IN CAPACITANCE 6C'pF

1

0 0 20 30 20
NAUTICAL MILES

The curve 1eaches the limit 0 at mfinite nautical miles.,
FIG. 4—DECREASE-IN-CAPACITANCE/DISTANCE LAW

This point will be more fully appreciated on considering that
the difference between the 1 and 1 nautical-mile settings is over
230 pF, whereas the difference between the 19 and 20 nautical-
mile settings is about 0-2 pF, or, in terms of angular rotation of a
linear variable capacitor, 123- and 0-1°, respectively. In other
words, a l-nautical-mile change at one end of the scale requires a
change over a thousand times larger than a 1-nautical-mile
change at the other end of the scale.

Although these particular figures relate to the present design,
the type of law is basic to the impedance/frequency m~thod of
fault location and it explains why a frequency-checking device is
normally essential for accurate locations over the longer distances
if conventional oscillators are employed. To avoid the necessity
for external frequency checking, an attempt has been made to
approximate to the curve of Fig. 4 so that the correct rate of
capacitance change is automatically obtained for any particular
fault distance, and a substantially linear milage scale thereby
obtained.

The total frequency range has been divided into three parts
and a separate variable capacitor (of an appropriate size) used
for each, so that three scales are obtained. These are termed the
short, medium and long ranges, ie. 1-2, 2-10, and above 10
nautical miles, respectively.

Approximation to the required shape on each range is obtained
by connecting a fixed capacitor in series with the variable
capacitor so that the overall rate of capacitance change of the
series combination is greater at the low-capacitance end. By
choosing the correct ratio of fixed to variable values a close
approximation to the curve can be obtained, and the technique






A Speech Compandor Using Junction Transistors

D. THOMSON, A.M.LLE.E.T

U.D.C. 621.395.665.1:621.382.333

A compandor has been designed that makes use of the properties of
the base—emitter junction of the germanium transistor to give a
better approximation to the desired compression/expansion law
than has previously been obtainable without selection or matching
of transistors. The principles affecting the design are outlined,
and the circuits and performance of the new compandor are
described. Small quantities of the compandor are being manufac-
tured commercially for the Post Office and some have already been
used to improve the signal-to-noise ratio on certain channels in the
transatlantic telephone cable.

INTRODUCTION

PEECH volume-range compandors have been used
Sfor many years. Their purpose is to reduce the

effects of noise and interference (e.g. crosstalk), and
they are capable of giving a subjective improvement in
signal-to-noise ratio of up to about 25db. In this
country the use of compandors has been confined to a
few telephone circuits (e.g. some submarine-cable circuits
and radio-link channels} where it would be difficult
to achieve the desired signal-to-noise ratio by other
means. Transmission systems exist in which the designer
has taken advantage of the compandor improvement in
order to relax the noise and crosstalk requirements of
the transmission system of which compandors form
an integral part. Examples of these are the N1 Carrier
System! designed by Bell Telephone Laboratories and
now in widespread use in the U.S.A. and an experimental
short-haul carrier system designed at the Post Office
Research Station for use on unloaded audio cables?.

A speech compandor has now been designed in which
junction transistors are used as controlled elements in the
variable-loss circuits as well as for rectification and
amplification. Use has been made of the properties of
the base—emitter junction of the transistor to achieve a
closer approximation to the desired compression/expan-
sion characteristic than has previously been possible
without the special selection or matching of transistors.

Compandors of the new type described in this article
are in use on some telephone channels on the TAT-1
transatlantic telephone cable system.® Since this trans-
atlantic telephone cable was laid its attenuation has
gradually decreased, and in consequence the transmitted
signal level has had to be reduced to avoid overloading
the submarine repeaters. As a result, the signal-to-noise
ratio of some channels has fallen below an acceptable
value and compandors have been added to those channels.

The use of time assignment speech interpolation
(T.A.S.1.)* equipment on the TAT-1 system means that
the listener, during the course of one call, may be pre-
sented with a succession of channels some of which may
include compandors. If the compandors are used in such
a way as to provide the full subjective advantages of which
they are capable, the listener is disturbed when switched
from a channel without a compandor to one equipped
with a compandor and which, therefore, gives the im-
pression of being excessively quiet. Arrangements
have therefore been included in the design to enable the
noise advantage to be preset to a value suitable for the
channel concerned.

1 Post Office Research Station.
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PRINCIPLES OF COMPANDOR OPERATION

The principles of operation of compandors and the
advantages to be gained from their use have been dis-
cussed in the literature, %678 but for completeness they
will be described briefly here.

The gain of the compressor at the sending end of the
circuit is made to vary inversely as the level of the trans-
mitted signal, i.e. the gain is greatest for the weakest
signal. The weaker components of the signal are thus
given a “‘compressor advantage” over the noise or cross-
talk occurring after the compressor. The gain of the
expander at the receiving end of the circuit is made to
vary directly as the level of the received signal, i.e. the
gain is least for the weakest signal. It follows that the
gain of the expander is least when there is no signal and
only noise or interference is present.

The speed with which the gains of the compressor and
expander follow the fluctuations in speech volume of the
talker can be made such that, during the silent intervals
between words and syllables, the gain of the expander
is under the control of the circuit noise and is therefore
low, while in the non-silent intervals the gain of the
expander is high and is offset by the low gain of the com-
pressor. If the compressor and expander are comple-
mentary there is no net gain to an input signal, but the
expander action reduces the noise in the silent periods.
This “expander advantage,” added to the compressor
advantage described above, produces a substantial
subjective improvement in signal-to-noise ratio.

The compandor described in this article, in common
with those developed in the past for similar applications,
has a compression/expansion ratio of 2 : 1 on a decibel
scale. This ratio has been used because it gives a worth-
while improvement in signal-to-noise ratio, is obtained
in a straightforward way and, in this design, applies over
a range of signal levels exceeding 65 db, which is sufficient
to accommodate the range of talker levels encountered in
practice.

BASIC CIRCUITS

The basic circuit of the compressor is shown in
Fig. 1. The variable-loss network is followed by an
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FIG. 1—BASIC CIRCUIT OF COMPRESSOR

amplifier having a high gain and providing a subsidiary
output which, after rectification, controls the loss of the
variable-loss network. A 2:1 compression ratio is
achieved if, over the required range of signal levels, the
control current is directly proportional to the level of the
signal at the input to the rectifier and the gain of the



variable-loss network is inversely proportional to the
control current.

In the basic circuit of the expander (Fig. 2) a fraction
of the input is rectified to provide current to control the
variable-loss network. A 1 :2 expansion ratio results if

IN VARIABLE -L0SS ouT
NETWORK AMPLIFIER ——0

{

RECTIFIER

FIG. 2—BASIC CIRCUIT OF EXPANDER

the control current is directly proportional to the level
of the signal at the input to the rectifier and the gain of
the variable-loss network is directly proportional to the
control current.

Variable-Loss Circuits

In both compressor and expander the controlled
elements in the variable-loss network are the a.c. resist-
ances of the emitter-base junctions of germanium
junction transistors. A fundamental property of such a
junction is that the a.c. resistance is inversely propor-
tional to the unidirectional current flowing in it. Fig. 3
shows that over a range of control current extending from
about 10 nA to about 500 A (i.e. a range of more than
30 db) the a.c. resistance is inversely proportional to the
control current to within an accuracy of 0-5db. It is
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FIG. 3—JUNCTION TRANSISTOR: A.C. RESISTANCE/CONTROL-
CURRENT CHARACTERISTIC

important that this characteristic should vary little from
sample to sample in order that similar compression/
expansion characteristics will be obtained from all
compandors. In practice the greatest spread of a.c.
resistance/control-current characteristic inthe range 10pxA
to I mA occurs at the high-current end and, for the type of
transistor used, amounts to 7 per cent approximately.

In the past, other devices used as variable-loss circuit
elements have included copper-oxide rectifiers® and
germanium point-contact diodes,” and it has been found
necessary to select and match the devices in pairs to
achieve the required degree of balance in the variable-
loss networks, thus preventing harmonic currents
generated in the control-current rectifier from appearing
as signals in the transmission path. Oven-control of
temperature has sometimes been used to avoid excessive
departure from the ideal characteristic.

The variable-loss circuits are shown in Fig. 4 and 5.

5 5 1]

CONTROL
CURRENT

FIG. 4—COMPRESSOR VARIABLE-LOSS CIRCUIT
* CONTROL

FIG. 5—EXPANDER VARIABLE-LOSS CIRCUIT

In the compressor circuit the a.c. resistances of two
junctions are used in series as a shunt between generator
and load resistances, each of which is much greater
than the greatest value reached by the junction resist-
ances within the range of control current used. The
expander variable-loss circuit is novel in that the transis-
tors used as controlled elements also provide useful gain.
The circuit is effectively a single-stage push-pull common-
base amplifier. The voltage gain of such an amplifier
operating into a constant load resistance is almost
exactly inversely proportional to the input resistance of
the transistors. This varies with the control current as
shown in Fig. 3, so that the gain of the circuit can be
made directly proportional to the control current by
driving the circuit from a source resistance that is very
low compared with the lowest value reached by the
junction resistances over the range of control current
used. The variable-loss elements are non-linear and
therefore introduce distortion; this is kept to an accept-
ably low level by arranging that the ratio of control
current to signal current in these elements is sufficiently
large.

Control-Current Rectifier

The control-current rectifier is identical in compressor
and expander and is shown in Fig. 6. It consists of a
common-base junction transistor having no emitter bias
and in which half-wave rectification takes place in the
emitter—base junction. The very high output impedance
of the collector circuit makes the performance of the
rectifier almost independent of the collector load resist-
ance, which varies widely with control current. The
input-level/control-current characteristic of the rectifier
is shown in Fig. 7.
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The characteristic departs from the ideal at low
currents and high ambient temperatures because the
collector cut-off current augments the control current at
low signal levels. The error can easily be corrected by
causing the collector cut-off current of a similar transistor
to flow in the rectifier load circuit in opposition to the
control current. Compensation can be accurate because
there is little variation between transistors in the
coefficient of increase of collector cut-off current with
increase of temperature.

COMPANDOR
Compressor

The compressor has been designed so that, when a test
signal at a level of 0 dbm* (test level) is applied at the
origin of a circuit in which it is included, the input level
to the compressor is —14 dbm and the output level
—2 dbm; the control current corresponding to this
condition is 750 uA. The frequency response is flat to
within 0-5 db from 300 c/s to 3-4 kc/s, and the input and
output impedances, expressed as return losses against
600 ohms, exceed 20 db at 1kc/s and 15 db at 300 ¢/s and
3-4ke/s. The total harmonic distortion for an input
signal 7 db above test level is less than 5 per cent.

Fig. 8 shows the circuit of the compressor. R1 pro-
vides the required input impedance and also ensures that
the level of signal current in the variable-loss elements is
always well below the control current. The high-gain
amplifier, consisting of transistors VT4, VI5 and VT6,
provides two outputs; the normal signal output is
obtained via transformer T3, and an output to supply
the control-current rectifier circuit is provided via
transformer T4. The primary windings of T3 and T4
are fed in series in the high-impedance collector circuit
of the output transistor VT6, and this ensures that the
amount of coupling between output and control circuits
is sufficiently small.

The amplifier has a fixed gain of about 55 db, with
about 20 db of negative feedback applied over the three
stages by means of R14. This type of feedback increases
the input and output impedances of the amplifier and the
required output return loss is obtained by means of R17.
The d.c. operating conditions of the amplifier are stabil-
ized in a conventional manner. The transistor VTI
provides temperature compensation. In practice, it has
not been found necessary to match transistors VI1 and
VT7 for equal collector cut-off currents at equal tem-
peratures. It has been found that, if R2 is selected to give
the required compression ratio at 45°C, the performance
is adequate at lower temperatures.

* dbm—decibels relative to 1 milliwatt.
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FIG. 8—CIRCUIT DIAGRAM OF COMPRESSOR

16



o ; .
cz-Lne 'L
RI RS
2 v
2 2 oS
Ry CI vTI RIZ:; RI5S RIG:,
R4
¥ VT2
R MRI
T2 o
. VT4 T3 T4
R20
R10 3 RI3
R6 —wW——] ouT
) T

o— MM
! VTS
Rl VT3 RM%
-2iv
FIG. 9—CIRCUIT DIAGRAM OF EXPANDER
Expander from the disadvantage that some of the compressor

Test level for the expander corresponds to an input
level of 0 dbm, an output level of +10 dbm and a control
current of 750 pA. The frequency response and input
and output impedances are the same as those of the
compressor. The total harmonic distortion for an output
signal 7 db above test level is less than 5 per cent. The
circuit is shown in Fig. 9.

The input signal is divided, by means of R1, R2 and
R6, to supply an input to the signal path via transformer
T1, and an input to the control-current rectifier VT2
after amplification in the single-stage pre-amplifier VT1.
Resistor R6 provides the required low source resistance
for the variable-loss circuit, and resistors R1 and R2
provide the required input impedance and ensure that
the level of signal current in the variable-loss elements is
always well below the control current. The variable-loss
network is followed by a single-stage push-pull amplifier
of conventional common-emitter type having a gain of
about 30db with approximately 10db of negative
feedback applied by means of R17 and R18. The high
output impedance of the stage is reduced to the required
value by means of R19.

COMPRESSION/EXPANSION CHARACTERISTICS

Because the variable-loss circuit in the compressor
depends for its action on shunt elements and in the
expander on identical series elements, the departures
from the ideal compression/expansion laws are largely
complementary. The ideal characteristics have been
obtained over an input-signal-level range extending from
7 db above test level to 60 db below test level within an
accuracy of +1-2 db for either the compressors or the
expanders. For tandem connexion of compressor and
expander the errors do not exceed +0-5db. Typical
error characteristics are shown in Fig. 10.

ADJUSTMENT OF NOISE ADVANTAGE

The “no-signal” noise advantage may be adjusted by
reducing the level of signal sent to line by means of an
attenuator following the compressor and by compen-
sating for this loss by inserting additional gain at the
receiving end before the expander. This method suffers

advantage in the “‘signal-on” intervals is lost.

A better method is to restrict the range of signal levels
over which the compression/expansion law holds by
arranging that at a predetermined signal level the
2 : 1 law changes to 1 : 1. This can easily be done by
injecting a clamping current via a diode into the variable-
loss networks so that, as the signal level is reduced below
the predetermined value the control currents, and
therefore the gains of compressor and expander, cannot
change.
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FIG. 10—~TYPICAL ERRORS IN COMPRESSION/EXPANSION
CHARACTERISTICS

The second method has several advantages over the
first. The low-level region of the control-current range,
where temperature compensation is used and there is
greatest possibility of error, is only used when the full
noise advantage is required. A better transient response
is obtained because the maximum change of gain on
receipt of a signal (e.g. a signalling pulse) is reduced,
while no additional gain is required at the receiving end
of the channel preceding the expander.
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Components R21 (preset) and MR1 (see Fig. 8) and
R20 (preset) and MR (see Fig. 9) have been added to the
original design to give the facility of varying the noise
advantage. Fig. 11 shows a typical compandor input/
output characteristic clamped at a point corresponding
to 30 db below test level at the input to the compressor.
Because the maximum change of gain of expander
(relative to its gain at test level) that can occur is reduced
to 15 db by means of this clamp, the maximum no-signal
noise advantage obtainable is 15 db.
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FIG. 11—TYPICAL INPUT-LEVEL/OUTPUT-LEVEL CHARACTERISTICS

ATTACK AND RECOVERY TIMES

The requirements of a speech compandor regarding
speed of operation have been discussed previously.!

A signal applied suddenly to the input of the com-
pressor may be subjected to an initial excess gain of
more than 30 db, and this condition will tend to persist
until the control-current reaches the appropriate value,
the period depending on the time constant of the control-
current rectifier load circuit. This interval, the “‘attack
time,”” must be made short to avoid excessive distortion

that may be produced by overloading the output stage
of the compressor or the transmission channel itself.
Signalling pulses are less tolerant of this distortion than
are speech signals, and it has been found desirable to
restrict the initial excess gain of the compressor by
clamping the control current at a value corresponding
to a signal level at the compressor input of 50 db below
test level. This is shown in Fig. 11.

The interval between the cessation of a signal and the
steady state, i.e. the ‘‘recovery time,” must be short
enough to ensure that the advantage of low gain in the
expander is obtained in the intervals between words and
syllables. On the other hand, the time constants should
not be so short that the compressor and expander gains
can follow the waveform of the lowest signal frequency in
the band to be transmitted.

In order that the received signal shall be as nearly as
possible an exact replica of that transmitted, the control-
current rectifiers and their load circuits, and therefore
the attack times (4-5 ms) and recovery times (13-17 ms)
of compressor and expander, have been made identical
within the limits of component tolerances. Subjective
tests have shown that these attack and recovery times
are satisfactory for good speech quality.

CONCLUSION

Compandors of the type described above are being
manufactured commercially for the Post Office. Orders
have been placed for about 250, and some have already
been installed on certain channels of the TAT-1 system.
The orders include 180 which will be used on another
transatlantic telephone cable system, the TAT-3 system.
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“Radio Valve Data.” Seventh Edition. Published for
Wireless World by lliffe Books, Ltd. 156 pp. 6s.
(6s. 10d. post paid).

The latest edition of “Radio Valve Data’ has been com-
piled by the staff of Wireless World in co-operation with
20 British manufacturers and distributors. It has been
enlarged again, and now contains operating data for over
4,800 British and American radio valves, semiconductor
devices, rectifiers and cathode-ray tubes.
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The main tables have been based on a classification of the
devices by function, then by manufacturers’ names and
finally into current, replacement or obsolete types. The
index to the book, which covers all the individual items
included in the main tables, has been arranged so that
alongside each entry referring to a valve there is, in addition
to the page number, information regarding the base-
connexion code and, where appropriate, the equivalent
valve types.






Sending Levels: +10, 0, —10, —20, —30 dbm* into
600-ohm balanced or unbalanced circuits.

Sending-Level Accuracy: better than +0-5 db.

Return Loss (against 600 ohms): better than 30 db.

Receiving Circuit

Frequency Range: 300 c/s—15 kc/s.

Measuring Range: +25 dbm to —30 dbm on 600-ohm
balanced or unbalanced circuits. Both through and
terminated levels can be measured.

Measuring Accuracy: better than 40-5 db.

Bridging Loss: less than 0-2 db for through levels.

Return Loss (against 600 ohms). better than 30 db.

Dimensions
162 in. x 13in. X 5%in.

Weight
18 1b.

CIRCUIT DESCRIPTION

Sending Circuit

The circuit consists of a 2-stage spot-frequency
oscillator followed by a 2-stage output amplifier. The
oscillator circuit comprises the transistors VT1 and VT2
arranged as a 2-stage amplifier with positive feedback
applied via a Wien bridge network and negative feedback
applied via a thermistor, TH. A simplified circuit dia-
gram is shown in Fig. 2.

* dbm—decibels relative to 1 milliwatt.

The Wien bridge is the frequency-determining network
and is formed by C20 and R12 in series in one arm, with
the parallel combination of C31 and R13, R14 and R2
in the other arm. The oscillator frequency is varied by
means of the frequency-selector switch, which changes
the capacitance of C20 and C31 as required.

It can be shown that if C20 is equal in value to C3I,
and the resistance of R12 is equal to that of the parallel
combination R13, R14 and R2, the voltage loss in the
bridge at resonance is 3 (i.e. the ratio of input to output
voltage is 3 : 1). The oscillation frequency, f, is given by
27f = 1/(C20 X Ri2). Thus, for oscillation to take
place the amplifier must have a voltage gain of 3 and a
phase change of 360° overall.

The parallel arm of the bridge is shunted by the input
impedance of transistor VT1, and the series arm has the
output impedance of VT2 in series with it; these im-
pedances will therefore affect the frequency. By using
a high-gain amplifier and reducing the gain to the
required value (3) by negative feedback, the amplifier
output impedance is reduced and the input impedance
increased to such values that their effects become almost
negligible.

With the transistors arranged in common-emitter
configuration, considerable phase shift can occur even at
audio frequencies, with consequent large changes of
frequency in the event of a transistor being replaced or
if the supply voltage or temperature changes. The
negative feedback considerably reduces the effective
phase shift, and, by using transistors having a high
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The positions of switch SI are 1—OFF, 2—CHECK BATTERY, 3—ON.

The positions of switch S2 determine the range of the receive meter and whether terminated or through levels

are measured. If S2B is closed terminated levels are measured; 1f 1t 1s open through levels are measured. S3 is the microswitch that is operated when the hid of the carrying
case is fitted.

FIG. 2—SIMPLIFIED CIRCUIT DIAGRAM OF MEASURING SET
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alpha-cut-off frequency whose phase shift at audio
frequencies is small, the effective phase shift is reduced
to negligible proportions.

The thermistor stabilizes itself so that the overall
voltage gain of the amplifier is 3, and in this condition
the nominal thermistor voltage is 1 volt and the output
from the oscillator is 1-5 volts.

The output amplifier consists of two stages arranged
in common-emitter configuration with a large amount of
negative feedback to ensure a low output impedance
which, together with two 300-ohm series resistors,
ensures that the dynamic output impedance is 600 ohms.
The gain of the amplifier is controlled by a variable
resistance (RV1) in series with the input, and this control
has sufficient range to cater for differences in thermistor
characteristics and for temperature variations.

A microammeter (full-scale deflexion 200 wA) with an
associated rectifier bridge monitors the output, and the
meter scale is engraved with a 0db mark and addi-
tional marks at +0-2db and —0-2db. An adjustable
resistor chain is provided for calibrating the meter circuit.

The output is taken via a send-level switch and
associated pads that can be adjusted to give sending
levels of +10, 0, —10, —20 and —30 db relative to
1 milliwatt in 600 ohms when the monitor meter men-
tioned above indicates 0 db.

Receiving Circuit
The signal to be measured passes via an input trans-

former and range switch, S2A (20 to —20db) to a
2-stage amplifier feeding a rectifier and meter circuit.
The two transistor stages are arranged in common-
emitter configuration, the whole of the output current
being returned to the first-stage emitter as negative
feedback. This high degree of feedback ensures that the
gain/frequency characteristic of the amplifier remains
flat to within 4-0-2 db up to 15 ke/s. The feedback also
causes the amplifier to offer a high impedance to the
meter circuit, so producing an effective constant-current
source which ensures that the output current is sub-
stantially independent of the forward impedance of the
rectifiers. The feedback also causes the input impedance
of the amplifier to be high. The overall gain of the
amplifier can be adjusted by means of a pre-set variable-
resistance control (RV2) that varies the feedback.

The meter circuit is a conventional rectifier bridge
feeding a microammeter (full-scale deflexion 500pA)
having a scale calibrated in decibels from -+5to —10 db
in steps of 0-5db. The circuit is arranged so that the
meter indication is in terms of the r.m.s. value of a true
sine wave, but the meter actually responds to the full-
wave average value of the input waveform.
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Book Reviews

‘“An Introduction to the Theory and Practice of Transistors.”
J. R. Tillman, D.Sc., A.R.C.S., and F. F. Roberts,
B.Sc.(Eng.), AM.LE.E. Sir Isaac Pitman & Sons, Ltd.
xx1 + 340 pp. 227 ill. 57s. 6d.

Such is the flood of literature which began on the
discovery of the transistor that the first reaction to a new
contribution is usually alarm, especially if its title contains
the frequently suspect word ‘““‘Introduction.” The authors
are therefore wise to define the scope of this book rather
carefully and in terms of their intention towards the class
of reader to whom it is addressed. They seek to introduce
the serious student to the whole field, rather than to selected
parts of it, and to guide him reliably until he can begin to
make his own way along the specialized path of his choice.
In general, they succeed.

Part I occupies just over one third of the book and deals
with the basic physics of semiconductors in general and the
characteristics of p-n junctions in particular. The presenta-
tion is sound, straightforward and lucid, and a nice balance
is struck between fundamental concepts and factual infor-
mation. Readers with slightly more than the bare minimum
knowledge of quantum theory should be able to take these
three very useful chapters in their stride; others. less
familiar with the ideas of modern physics, may find the
going rather harder but will not regret the effort necessary
to master it. The subject simply is not easy and the authors
could hardly have made it appear so without sacrificing
precision.

Chapter 4, the first of the three which constitute Part II,
describes the technology of semiconducting materials and
semiconductor devices. Possibly because too many topics

have been covered in too few pages, the treatment is not up
to the standard of the rest of the book, especially where
chemical matters are involved, and some dubious statements
were noticed. Germanium does not volatilize in elementary
form in British gas works (of which, surely, it is a by-
product rather than of the coal industry). Flue dusts
containing 2 per cent of germanium have been found but
the average figure is much lower. The spelling “hydrolized™
(p. 135) will horrify most chemists (as the use of ‘‘schematic”
as a noun does the reviewer) and the definition of “‘segrega-
tion coefficient” (p. 136) is rather cumbersome. The
presence of an adventitious “in”’ in the penultimate sentence
of section 4.1.2 is unfortunate. None of these is a serious
fault, however.

The last two chapters of the book will appeal most to the
engineer whose prime interest is in the use of transistors and
related devices. Chapter 5 deals concisely yet adequately
with the all-important subject of the measurement of
electrical characteristics and the relationships between these
and the structure of the device on the one hand and its
potential uses on the other. Chapter 6, which occupies
nearly one quarter of the whole book, describes a
surprisingly large number of well-diversified applications of
semiconductor devices in a necessarily concise but sound
and readable manner.

The book contains four excellent plates, illustrating work
done in the authors’ laboratories, and a large number of
line drawings. Most of the latter are adequate, though a
few, such as those illustrating apparatus used for processing
semiconducting materials, are rather small. To sum up:
the authors have achieved their avowed object and the book
is recommended.

I.P.O.E.E. Library No. 2646. E. A. S.
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and outgoing relay-sets as soon as the operator has
established the outgoing connexion, but the speech path
is not extended 4-wire until the operator restores the
speak key. During the setting-up of the call, the 2-wire/
4-wire terminations in the incoming and outgoing relay-
sets are left in circuit to permit the operator to speak in
both directions. On restoration of the speak key the
2-wire/4-wire terminations are automatically discon-
nected and the 4-wire speech path is established via the
switching equipment. A high-impedance tapping of
both directions of transmission enables the controlling
operator to monitor the connexion. Re-operation of the
speak key introduces the 2-wire/4-wire terminations
again and re-connects the 2-wire speech path via the
cord circuit.

The switching unit utilises a link system in which each
link consists of two 100-outlet motor-uniselectors
connected wiper to wiper (Fig. 1). The unit caters for a
maximum of 1,000 incoming and 1,000 outgoing circuits
arranged in sections each having a capacity of 100
circuits. There will thus be a maximum of 10 incoming
and 10 outgoing sections. In order to allow for the
connexion of any incoming circuit to any outgoing

circuit, the link circuits are arranged in groups, each
group being capable of effecting connexions between
designated incoming and outgoing sections; for example,
link-circuit group 1/10 provides connexions between
incoming section 1 and outgoing section 10 (see Fig. 2).
One hundred groups of link circuits are necessary to
cater for the ultimate capacity of the unit. At the
instant a 4-wire connexion is to be made, the two circuits
already associated via the manual switchboard cord
circuit apply individual marking conditions to their
outlets in the incoming and outgoing section link-circuit
multiples. At the same time a free link-circuit in the
appropriate link-circuit group is allocated and its two
motor uniselectors search for the marked outlets. When
both have been found, link association takes place.

To prevent false switching it has been arranged that
the above operation is permitted on a “one-at-a-time”
only basis for the whole unit. This is achieved by dividing
the odd-numbered and even-numbered circuits of each
incoming section into two groups of 50 and associating
each group with a demand-control circuit that can be
seized by only one of the 50 circuits at any one time.
Having been successful in seizing its demand-control
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Electronic Allotter

Of the 1,000 incoming relay-sets, it is possible that, at
any one instant, relay-sets in different groups of 50 may
have made successful applications to their demand-
control circuits. It is therefore necessary to permit only
one of these relay-sets out of a maximum of 20 to
proceed with a link-circuit association; this control is
exercised by an electronic allotter.

With the operation of relay EA in the incoming
relay-set, contact EAl applies a demand signal to the
MK lead to the electronic allotter and, when the demand
is successful, a start signal is returned on the AS lead to
operate relay ST. For example, a successful demand on
the MKI1 lead (Fig. 6) implies that VI2 and VT4 in
each of the bi-stable trigger circuits A, L, R, T and U are
maintained in the off condition thereby barring all
existing and subsequent demands on MK2 at A, MK
leads 3 and 4 at L, MK leads 5-8 at R, MK leads 9-16
at T and MK leads 17-20 at U. The circuit (Fig. 7) and
method of operation of each of these bi-stable trigger
circuits is the same. A demand signal (—50 volts) on the
MK1 lead makes the potential of the base of transistor
VT3 negative relative to its emitter potential (—4-7 volts),
but in the absence of a collector supply potential this
transistor does not turn on. The emitter—base junction
of transistor VT2 is reverse biased and so VT2 does not
conduct. With VT2 off, its collector potential, and
therefore the base potential of VTI, is negative with

0 12 1314 1516 1718

m

A-U are bi-stable triggers MK—Input lead, AS—Output lead
FIG. 6—BLOCK SCHEMATIC DIAGRAM OF ELECTRONIC ALLOTTER

respect to the VT1 emitter potential, the emitter in
trigger circuit U being connected to —6-8 volts. With
trigger circuits A, L, R, T and U (Fig. 6) in this con-
dition, relay ST in the incoming relay-set operates in
series with the five VT1 transistors.
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FIG. 7—BI-STABLE TRIGGER CIRCUIT

If a demand signal (—50 volts) is connected to the
MK2 lead, VT3 turns on immediately and, in these
circumstances, the emitter—base junctions of transistors
VT2 and VT4 arc reverse biased; hence, these transistors
are maintained in the off condition and transistor VTI
continues to conduct. On the subsequent disappearance
of the demand signal on the MKI lead, transistor VT3
turns off and input 2 is then successful. The operation
of relay ST in the incoming relay-set indicates that a
one-at-a-time condition has now been established.

Selection Matrix

Before a link-circuit association can proceed, it is
necessary to determine the particular link-circuit group
capable of connecting the incoming relay-set to the
outgoing relay-set selected by the operator. A +50-volt
signal is extended, also over the ring wire of the opera-
tor’s cord circuit, to the outgoing relay-set (Fig. 5).
This operates relay IA in the outgoing relay-set, and an
IA contact extends an outgoing-section marking signal
(—50 volts) to one of the 10 contacts of each STM
relay in the selection matrix. Simultaneously, a — 50-volt
potential is extended from the incoming relay-set, to
operate the STM relay in the selection matrix appro-
priate to the particular incoming section. There is,
therefore, a unique combination of an STM make
contact with an outgoing-section marking potential, and
this potential is extended as a start signal to the link-
circuit allotter of the required link-circuit group.

Link-Circuit Allotter

A maximum of 10 link circuits is provided in each
link-circuit group, and the particular link circuit that
will be used to associate the incoming relay-sets and
outgoing relay-sets is chosen by a link-circuit allotter.
Normally, the allotter will be standing on a free link
circuit and, when the start signal is received from the
selection matrix, this is extended to the pre-allotted free
link circuit. Should all link circuits be engaged and
none become free within 2-5-5 seconds, the incoming
relay-set disconnects its demands to the common equip-
ment and a flashing supervisory signal is extended to the
operator.

Link-Circuit Association

At the same time as the signals are extended from the
incoming and outgoing relay-sets to the selection matrix,
each relay-set extends marking potentials to its outlets
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in the link-circuit multiples. The link circuit, on receipt
of a start signal via the link-circuit allotter, causes its
two motor-uniselectors to hunt for these marked outlets.
The testing relays TA and TB, used to cut the drive at
the marked outlets, are included in the common equip-
ment associated with the link-circuit allotter. With both
finders on the marked outlets, relay H in the link circuit
operates and relay H contacts connect the wipers of the
two finders together. The outgoing relay-sets and
incoming relay-sets are then associated, the selection
matrix, allotters and demand-control circuits are released
and the marking signals are removed. A further link-
circuit association can now take place.

Four-Wire Switching

The 2-wire/4-wire terminations of the incoming and
outgoing circuits must be switched out of the connexion
to complete the 4-wire transmission path. It is possible
that neither of these 2-wire/4-wire terminations will form
part of the switchboard relay-sets involved but will be
located in the incoming and outgoing relay-sets. To
appreciate fully the implications of 4-wire switching, a
connexion of this type will be considered, an example of
such a connexion being one between an incoming
continental «ircuit and an outgoing provincial circuit
extended by a Code 11 operator.®

It is necessary firstly for the switchboard relay-sets to
detect restoration of the speak key. This is a standard
requirement of relay-sets providing the facility of speak-
key supervision,* but detection of whether or not the
speak-key is operated is normally only necessary in the
absence of a clearing supervisory signal. In the present
circumstances, however, this condition must be detected
at all times, for it is the setting of the speak key that
determines whether the connexion should be 2-wire
switched via the cord circuit so that the operator can
speak, or 4-wire switched via the link circuit so that an
improved overall transmission performance for the
connexion can be achieved.

The sleeve circuit shown in Fig. 8 provides the required
facility. In the presence of a clearing signal, i.e. with

DI (OR LS1)

FIG 8—SLEEVE CIRCUIT ELEMENT

contact D1 (or LS1) normal, and on restoration of the
speak key, relay DRA operates from —50 volts via a
resistance of 300 ohms in the sleeve of the cord circuit.

*Speak-key supervision—the return of supervisory signals to
the distant end under the control of the cord-circuit speak key.



Contact DRAL1 disconnects the 900-ohm balance winding
of relay DR, which then releases. With contacts
DRI1 normal and FS2 operated, relay SW operates. In
the absence of a clearing signal contact D1 (or LS1) is
operated and relay DRA is not involved. With —50 volts
connected via the 300-ohm resistance in the sleeve circuit,
ampere-turn balance in the windings of differentially-
connected relay DR causes the release of that relay, and
as before, relay SW operates. SW contacts switch the
2-wire speech path via the link circuit to form the receive
pair of the 4-wire connexion and complete circuits over
the transmit path for 4-wire switching signals (Fig. 9).
The FW relays operate in series in the outgoing
switchboard and line relay-sets, the FW relay in the line
relay-set switching out the 2-wire/4-wire termination and
that in the switchboard relay-set repeating a 4-wire switch-
ing signal back via the link circuit to operate a further
FW relay in the incoming switchboard relay-set. This
relay again repeats the signal, this time to the incoming
line relay-set, where a fourth FW relay operates and
switches out the 2-wire/4-wire termination in that relay-
set. The 4-wire speech path is now in use. Had the
outgoing connexion terminated on a circuit having 2-wire
access only, then the transmit pair would have remained
disconnected and consequently no FW relays would
have operated. In these circumstances the connexion
would have been switched 2-wire via the link circuit.

Echo-Suppressor Switching

On new long-distance cable circuits, a half echo-
suppressor is provided at each end of the circuit, and each
half is connected to provide for far-end suppression.
When two such circuits are connected in tandem and

4-wire switched, the resultant circuit has only one major
echo path; it is, however, equipped for both far-end and
intermediate suppression. This may lead to interaction
between the echo suppressors, particularly if the trans-
mission time of each circuit is appreciable. Arrange-
ments have therefore been included in the design of the
4-wire switching unit to disable the half echo-suppressors
of each circuit at the transit switching point. The
resultant connexion then becomes a single 4-wire circuit
with far-end suppression at each terminal station.

In addition to the 4-wire interconnexion of long-
distance cable circuits, the 4-wire switching unit provides
for the 4-wire connexion of radio circuits to other radio
circuits as well as to long-distance cable circuits. At
present, radio links are equipped with singing sup-
pressors and constant-volume amplifiers at each end of
the radio circuit. A singing suppressor acts in a similar
manner to a full echo-suppressor and provides both
near-end and far-end suppression. With two radio
circuits connected in tandem and 4-wire switched, the
resultant connexion has four singing suppressors and
four constant-volume amplifiers in the 4-wire path, and
considerable interaction may occur. Arrangements
have therefore been included in the design of the 4-wire
switching unit to indicate when two radio circuits are
connected in tandem.

Since the radio-control equipment is located in a
building separate from the signalling and switching
relay-sets, signals passed between these relay-sets have to
be extended to the radio-control centre. In a similar
manner, indications are given when a radio circuitand a
long-distance cable circuit equipped with a half echo-
suppressor are connected in tandem. These signals are
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used to reduce the number of echo suppressors on the
resultant connexions, and for radio-radio connexions,
arrangements can be made to restrict the level range of
the constant-volume amplifiers.

Signalling between the relay-sets on either side of the
switching unit to indicate the type of connexion is
accomplished over a single-wire connexion via the link
circuit.

CONFERENCE FACILITIES

Both the Continental and International switchboards
are provided with facilities to permit setting up con-
ference connexions between a number of continental or
international circuits and United Kingdom associates.
Access to conference amplifiers is provided via relay-sets
associated with the 4-wire switching unit and these relay-
sets are provided with outgoing and reverting switch-
board multiple appearances. To set up a conference
connexion the controlling operator at London calls each
of the subscribers concerned and connects each sub-
scriber to the conference equipment. If the subscriber
is called via the outgoing multiple the connexion to the
conference equipment is made via a reverting jack, and
conversely, if the call is reverted to the subscriber, the
connexion to the conference equipment is made via the
outgoing multiple.

CONCLUSION

The integration of the continental and international
telephone services so that they may be dealt with by a
common switching unit permits single-operator control
at London, with 4-wire switching of any transit con-
nexion. Particular attention has been paid in the design
of the equipment to maintain standard sleeve-control
operating procedure, and 4-wire association is achieved
automatically at the appropriate time. The only de-
parture from standard sleeve-control operating pro-
cedure occurs when the controlling operator at London
has to set up a booked call to both the calling and called
subscribers. This necessitates the use of a reverting jack
for one of the connexions, the other being made via an
ordinary outgoing jack. To avoid errors, the multiple

has been divided horizontally into three main sections,
each section being clearly marked. The lower section is
the normal answering multiple; the middle section is the
ordinary outgoing multiple, and the top section is the
reverting multiple. Cord-circuit connexions will, there-
fore, be either between the lower and the middle sections
or the middle and the upper sections, and never between
the lower and the upper sections.

All long-distance cable circuits, radio circuits, con-
tinental manually-operated circuits, and some of the
continental semi-automatic circuits, used for public
telephone traffic have connexions to the 4-wire switching
unit described in this article. Later, switchboard
relay-sets associated with long-distance cable circuits
operated semi-automatically will also be connected to
this unit. All traffic carried by the unit is that which, at
present, requires manual control at London. With the
current rate of increase of continental and international
traffic, it is obvious that, to prevent the switching unit
becoming overloaded in the future, further development
will be necessary so that much of the traffic can be
switched automatically at London. These developments
will include semi-automatic operation of the trans-
atlantic cable circuits,” international subscriber dialling,®
and automatic transit-switching of international calls.

References

1The Transatiantic Telephone Cable. P.O.E.E.J., Vol. 49,
Part 4, Jan. 1957.

:CLiNcH, C. E. E. Time Assignment Speech Interpolation
(T.A.S.1.). P.O.E.E.J., Vol. 53, p. 197, Oct. 1960.

3CANTAT—A New Submarine Telephone Cable System to
Canada. P.O.E.E.J., Vol. 54, p. 220, Jan. 1962.

*Proposed Commonwealth Pacific Telephone Cable System.
P.O.E.E.J., Vol. 53, p. 42, Apr. 1960.

SWATERS, H. S., and Yeo, B. F. Switching Arrangements in
London for Telephone Calls over the Transatlantic Telephone
Cable. P.O.E.E.J., Vol. 49, p. 449, Jan. 1957.

STURNBULL, M. G. Introduction of Semi-Automatic Operation
of Continental Telephone Services. P.O.E.E.J., Vol. 52, p. 89,
July 1959.

“WELCH, S. Signalling Arrangements for Dialling over the
Transatlantic Telephone Cables. P.O.E.E.J., Vol. 53, p. 201,
Oct. 1960.

SMAURER, C. J. Dialling of International Trunk Telephone
Calls by United Kingdom Subscribers. P.O.E.E.J.. Vol. 54,
p. 92, July 1961.

Book Review

“Operatorenrechnung. Mit Anwendungen auf Technische
Probleme.” Prof. J. P. Schouten. Springer-Verlag,
Berlin, Gottingen and Heidelberg. viii + 224 pp.
128 ill. DM31.50.

Since World War II the Laplace transformation has
become widely used in science and engineering, and several
books have been written, mainly in English, to explain the
techniques to people who need to use them and who are not
primarily mathematicians. There tends to be a common
pattern to these books in so far as they attempt to cater for
two classes of readers. They begin by defining the trans-
formation by the usual integral and from this is compiled a
small table of elementary transforms. With a little manipu-
lation the use of this table allows many transforms, which
arise in the solving of simpler problems, to be inverted
almost by inspection. This is as far as many users wish to
go with the subject and their needs are satisfied by the first
few chapters. The remainder of the book is, in most cases,
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devoted to a description of the inversion integral, the means
of its evaluation, and its use in solving more sophisticated
problems.

The book by Professor Schouten, written in German,
follows this same pattern with minor variations. It opens
with a short historical review of the subject, from its
inception as the operational calculus of Heaviside to its
present form as a precise mathematical discipline as
described in the standard books by Doetsch and Van der
Pol; thereafter, the book follows the conventional approach.
It gives copious examples, all taken from electrical engineer-
ing and with some special emphasis on transmission lines.

The book has been written for the German-speaking
world which so far has not been well supplied with works
in this class. The English reader, however, will find a wide
choice of text books written in his native language and it is
felt that the present volume is unlikely to offer much which
would warrant the extra labour of studying from a German
text.

H.J. O.
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FIG. 3—TOGGLE ACTION—SINGLE-THROW KEY

the presence of the auxiliary toggle-arm shown in
Fig. 4. In the non-locking/non-locking and non-
locking/stop mechanical actions the toggle action is
overriden by an additional return spring housed in the
handle frame, as shown in Fig. 5.

NON-LOCKING LOCKING

TOGGLE
ARM

AUXILIARY
TOGGLE ARM

Key Normat
FIG. 4—LOCKING/NON-LOCKING ACTION

Key Operated

q ADDITIONAL RETURN-
[l SPRING IN HANDLE

FIG 5—NON-LOCKING/NON-LOCKING ACTION

Methods of Mounting 1,000-Type Keys

Fig. 6 illustrates some of the possible methods of
mounting the 1,000-type key. Methods (a) and (b) give
a clear front panel; two screws are visible from the front
of the panel if method, (¢) is used. The standard-type key
requires at least four, and in some instances six, fixing
screws all of which are visible from the front of the panel.

A further development, of particular significance in the
design of the new cordless switchboards, is the use of
frames upon which two, three or four keys can be
mounted end-to-end while still requiring only two
fixing screws. This gives a further saving of Zin. on a
strip of four 1,000-type keys. The additional saving of
space is made possible by the wedge shape of the handle
and by the reduction of the angle of throw from 40° to
24°. These two factors ensure that ample space is left
for operating two adjacent keys towards each other.

i

cghﬂ = [ghE
o0 1> I

(©)

(@)

(a) 8 BA Studs Welded to Rear of Panel
(b) 8 BA Studs Carried on Subsidiary Frame
(¢) 8 BA Screws Through Key Panel

FIG 6—~MOUNTING METHODS

Contact Springs

Up to 12 contact springs can be operated by each throw
of the key, and these springs can be arranged to provide
make, break, change-over or make-before-break actions
as required.

The arrangements adopted for the make-before-break
action are somewhat unconventional as far as Post
Office practice is concerned. The contacts are arranged
as for a normal change-over action, but the make spring
and the centre spring are provided with enlarged contact-
domes. These give the required bunching action during
the transit period.

In view of the large number (21,944) of contact arrange-
ments possible with 1,000-type keys it is desirable to
avoid difficulty in providing and maintaining stocks by
restricting the combinations of springs available to as small
a range as possible, thus keeping the number of separate
versions of the key to a minimum and so ensuring the
maximum utilization of each particular variant. To this
end the first keys to be made available for general use all
have two change-over and two make-before-break
actions on each throw for each type of mechanical
action. Such a contact assembly caters for the greatest
number (7,139) of possible combinations of contact
arrangements.

By insisting that in the vast majority of applications a
full complement of springs (i.e. 12 springs per throw)
should be provided, the total number of possible variants
is reduced to 1,224. Only if a large number of keys were
required for a specific purpose would it be econom-
ical to use a key having an incomplete set of springs.
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to mask the signal. Furthermore, it was found that when
a fault occurred on the high-voltage line, the over-
voltage protection on the telephone line flashed over and
put the circuit out of commission just when it was most
needed.

Nevertheless, the system served the company and its
successor, the Yorkshire Electricity Board, well and is
still in use on some routes.

JOINT USE OF POLES FOR TELECOMMUNICATION AND
LOW-VOLTAGE POWER SUPPLY

The Postmaster General is empowered by Section 20
of the Electric Lighting (Clauses) Act 1899 to lay down
requirements for the protection of his lines against
induction or other forms of disturbance, including
contact from power wires. These requirements, which
must be readily available to the electricity supply
industry, are published in the form of memoranda. One
of these documents, “Memorandum on the protection
of Post Office lines from low or medium voltage power
lines,” issued in February, 1939, included a section
specifying the conditions under which power wires
could be attached to Post Office poles. In this mem-
orandum it was stipulated that the power conductors
other than the neutral conductor should have a covering
of insulating paper with a lapping of cotton and a cotton
braid overall, the cotton and cotton braid being im-
pregnated with a mixture containing a high proportion
of red lead. Because paper-braided jute had originally
been used, such a covering was known as P.B.J. It was
also stipulated that the power conductors had to be
attached above the Post Office wires, which were bare,
and that there should be a clearance of not less than
1 ft 9in. between the topmost Post Office wire and the
lowermost power conductor if the attachment was to one
pole, and not less than 3 ft if attachments were made to
two or more consecutive poles. A maximum of six spans
of jointly-used plant were permissible.

Theoretically, the Post Office requirements were such
that the power conductors could be attached directly to
the Post Office pole, but in practice, to achieve the
necessary clearances without reconstruction of Post
Office plant, it was usual for electricity undertakings to
fit a metal extension piece to the Post Office pole to carry
the power conductors; Fig. 3 shows the arrangement
adopted. To provide a safeguard against the metal
extension piece becoming live, it was bonded to the
low-voltage system neutral conductor.

o LOW-VOLTAGE ﬁﬂ -
‘ LOW-VOLTAGE
. CONDUCTORS |
- . } JifEsy INSULATORS
|

; | METALWORK

| BONDED TO

! IFT.9IN, NEUTRAL

o1 ST

Note: The minimum separation between the power conductors and Post Office
conductors is 1ft 91, If attachment 1s made to consecutive poles the
minimum clearance is 3 ft.

FIG. 3—EXTENSION PIECE FITTED TO POST OFFICE POLE TO CARRY
POWER CONDUCTORS
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The type of construction described above has, with
minor modifications, been retained to the present day.

RECIPROCAL AGREEMENT FOR ATTACHMENT OF WIRES TO
POLES

Impetus was given to a more general use of shared
poles by a parliamentary question posed in 1945 to the
then Minister of Fuel and Power. In that question the
Minister was asked if it was necessary to have separate
sets of poles to carry power and telephone wires in rural
areas of the country, it being asserted that failure to
share poles was hindering the supply of electricity to the
countryside. Resulting from this question, negotiations
were opened between the Ministry of Fuel and Power and
the Post Office with the object of extending the joint
usage of pole lines by low-voltage power and telephone
conductors. At that time, however, the electricity supply
industry was in the hands of a multiplicity of under-
takers using many forms of overhead-line construction.
There were, therefore, considerable difficulties in evolving
standardized methods of sharing plant or obtaining agree-
ments under which suchmethods could be putinto practice.

The position changed when the Electricity Act of 1947
set up the British Electricity Authority and 14 Electricity
Boards, the latter assuming responsibility for the supply
of electricity in areas previously covered by some 560
municipal or private undertakings.

Subsequent negotiations carried out with Electricity
Boards resulted, in 1951, in the conclusion of an agree-
ment with each individual Board. This agreement
permitted joint usage of poles at crossings and in line of
route. Such joint usage was restricted to single-phase or
3-phase 50 c/s power lines whose voltage did not exceed
250 volts r.m.s. between phase and earth. To meet the
situations most likely to be encountered, the agreement
was divided into four parts which set out the conditions
to apply when

(i) the Post Office desired to make attachments to
poles belonging to a Board,

(it) the Post Office poles were to be recovered at the
request of a Board and the Post Office lines transferred
to a new line of power poles erected by the Board (this
usually applied when a Board was experiencing difficulty
in obtaining wayleaves or planning consent),

(iiiy a Board desired to make attachments to poles
belonging to the Post Office, or

(iv) a Board’s poles were to be recovered at the request
of the Post Office and the Board’s conductors transferred
to a new line of poles erected by the Post Office.

Considerable use has been made of the joint usage
agreement and the pillargraphs in Fig. 4 illustrate the
numbers of poles jointly used up to 31 May, 1960. It
will be seen that while Electricity Boards have been able
to make rather more use of the agreement, by taking over
the other party’s routes, than has the Post Office,
nevertheless, the advantage to the Post Office of the use
of simple attachments to power-line poles is very obvious.

The agreement covers joint usage of wood pole routes
only, and it is specified that either the live power wires
or the Post Office conductors must be insulated with a
covering approved by the Post Office. This covering is
usually of p.v.c.* The neutral power conductor is,
however, generally left bare. The Post Office conductors
must always be below the power wires, the separation
between the lowermost power conductor and uppermost

* p.v.c.—polyvinyl chloride.
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power line of a voltage within the specified limits. In
practice the major application is on routes giving over-
head supplies to domestic electricity consumers and
telephone subscribers.

Safety Requirements

To ensure the safety of plant and personnel the
following requirements are included in the agreement.

(@) The administration owning the poles must make
regular inspections, tests and, if necessary, renewals of
its poles, and must clearly mark those that are in any way
decayed.

(b) If a stay wire requiring a stay insulator is fitted to a
power pole, that part of the stay which is above the
insulator is considered to be potentially dangerous, and
the insulator and stay must be so positioned that Post
Office plant or personnel cannot be endangered by
possible contact with the part of the stay above the
insulator.

(c) Both administrations undertake to maintain their
plant in safe condition.

(d) Electricity Boards agree that when they insulate
their conductors they will use an insulated wire manu-
factured to a specification approved by the Post Office.

(e) Neither administration is permitted to attach arms
or other fittings to the other’s poles in a way that entails
cutting the poles.

(f) Electricity Boards undertake to give to the Post
Office at least 3 months’ notice of any intention to raise
the working voltage of their power wires.

Neither the Post Office nor the Electricity Boards use
special additional protective devices on their lines because
of the joint use of poles, reliance being placed on the
insulated covering of one or other group of conductors
to prevent contact between the two sets of plant.

Although the terms of the agreement include a clause
to the effect that, should it be considered necessary, the
power conductors can be de-energized whilst work is
proceeding on the telephone wires, this provision is
seldom invoked, and by far the greater portion of Post
Office work on such routes is carried out with the power
conductors live.

Interference

The circumstances in which low-voltage power lines
share poles with telecommunication lines in the United
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Kingdom are such that interference due to fundamental-
frequency induction or noise is unlikely. The majority
of jointly-used routes are only of the order of some
hundreds of yards in length and the voltages and currents
in the power systems are relatively low. In consequence,
the telephone circuits do not suffer from interference
or difficulties due to their close proximity to the power
conductors.

Accidents

There has only been one accident on jointly-used pole
routes since the agreement on sharing the use of poles
was introduced. The accident occurred on a pole carrying
a metal extension piece. In accordance with standard
practice the neutral conductor of the power line carried
by the extension piece was electrically bonded to the
extension piece but, because of a mistake, the phase and
neutral connexion had become reversed at a point
remote from the jointly-used pole, and the extension piece
became live. When a Post Office employee working on
the pole touched both the extension piece and an
adjacent Post Office line wire that was at earth potential,
he received an electric shock and fell to the ground,
sustaining severe injuries as the result of the fall.

JOINT USE OF POLES SUPPORTING HIGH-VOLTAGE LINES

For various reasons mainly connected with the diffi-
culty of preventing contact between power and tele-
communication conductors and the supersession of the
main overhead trunk routes, the arrangement shown in
Fig. 1 fell into disuse as far as Post Office plant was
concerned, and it was not until 1937 that interest in the
joint use of poles carrying high-voltage lines revived. At
that time the Electricity Commissioners made certain
concessions to electricity supply undertakers permitting
the construction of a light form of power line operating
at voltages up to 6:6 kV. Such lines were intended to
facilitate the provision of electricity supplies to rural
areas. Since these power lines would mainly be erected
along roads, they would inevitably need to cross Post
Office overhead wires. To enable crossings to be made
with minimum risk the Post Office agreed to attach their
wires to the power poles. It was, however, stipulated that
the Post Office wires should have a covering of P.B.J.
Furthermore, not more than four Post Office wires could
be attached to any one power pole. Other requirements
were that the conductors of the high-voltage system
should be arranged with an earthed conductor lowermost
and that a guard, bonded to that earthed conductor,
should be provided on each pole to which Post Office
conductors were attached. For a 3-phase high-voltage
line, one phase conductor could form the earthed
conductor if desired. It was also specified that the Post
Office wires should not be less than 3 ft below the earthed
conductor of the high-voltage system.

On occasion, low-voltage wires were also attached
to poles of light rural power lines. In these circum-
stances the Post Office wires had to be at least 1 ft 9 in.
below an earthed low-voltage conductor. Fig. 7 shows
a typical arrangement of a jointly-used pole con-
structed to the above requirements carrying, from the
top downwards, high-voltage, low-voltage and Post
Office lines. The inverted “rakes” just below the high-
voltage wires are the earthed guards referred to above.

Although plant was shared to a limited extent in the
1930s, only crossings were involved. In 1946, however,
the East Anglian Electric Supply Company, who were






limited to lines not exceeding half a mile in length.
Experiments are, however, proceeding with longer
routes.

As when plant is shared with low-voltage power lines,
telephone conductors are only permitted to be fitted
below high-voltage power wires, but there must be a
minimum separation of 6 ft between the two sets of
conductors. If open wires are used they must be insulated
with 0-06 in. of p.v.c., and if the telephone conductors
are in a cable this must be polythene or p.v.c. sheathed.
The power conductors are generally bare. Span lengths
have been provisionally limited to 50 yards. Experiments
have, however, been carried out with spans up to 100 yd
and recent developments in aerial-cable construction will
enable such spans to be adopted as standard.

Post Office line wires or aerial cables are not attached
to poles having exposed high-voltage conductors at low
level, e.g. poles carrying transformers or switchgear.
Routine maintenance work on Post Office conductors
carried on poles that also support high-voltage wires is
normally done with the power wires live but, to protect
Post Office staff against leakage currents from faulty high-
voltage equipment, all metal work supporting high-
voltage conductors must be permanently bonded to
earth.

A jointly-used route with high-voltage power con-
ductors operating at 11 kV is shown in Fig. 9.

A number of routes have also been constructed that
carry, from the tops of the poles downwards, high-
voltage wires in horizontal formation, low-voltage
conductors, usually in vertical formation, and telephone
wires or aerial cables.

There have been no accidents on the 150 or so jointly-
used high-voltage routes that have been constructed
during the last six years.

It is hoped that before long there will be a formal
agreement with Electricity Boards on the joint use of
poles carrying high-voltage power lines. In the mean-
time each requirement for joint usage is considered
separately.
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Progress in the Provision of Subscriber Trunk Dialling

U.D.C. 621.395.374

INTRODUCTION

HEN subscriber trunk dialling (S.T.D.) was
brought into use for the first time in the United

Kingdom at Bristol exchange on 5 December
1958,* plans were already being made for the gradual
introduction of the service throughout the Post Office
telephone system.

The background to those plans was that the system
contained some 6,000 exchanges serving 4-5 million
exchange connexions, and that it was expected to grow
at the rate of approximately 170,000 connexions per
year. The system carried about 330 million inland trunk
calls per yéar, and trunk traffic was then expected to
grow- at about 4 per cent per year in the system as a
whole plus an average increase of 20 per cent at indi-
vidual exchanges when S.T.D. became available. The
6,000 exchanges consisted of approximately

320 director exchanges,
580 non-director exchanges (including satellites),
4,050 unit automatic exchanges (U.A.X.s),
and 1,050 manual exchanges (about half of which would
be converted to director and non-director ex-
changes, and the other half to U.A.X.s).

The plans for nation-wide S.T.D. therefore required a
concurrent plan for conversion of the remaining manual
exchanges to automatic working, and the cost of this
work plus the cost of providing S.T.D. equipment (each
of which was estimated to be between 35 and 40 million
pounds for completion of the work by about 1970) did

* Subscriber Trunk Dialling. P.O.E.E.J., Vol. 51, Part 4, Jan.
1959.
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not allow plans envisaging earlier completion than 1970.

Since 1958 it has become necessary to cater for growth
of the system at the increased rate of 250,000 connexions
per year and for growth of trunk traffic at 10 to 12 per
cent per year, but it has not been found necessary to
depart from the original target of providing S.T.D.
equipment to enable 90 per cent of trunk calls to be
dialled by subscribers by 1970. Also, since 1958, register-
translators have been developed that can serve up to
three different charging groups and this has reduced the
number of group switching centres (G.S.C.s) required for
nation-wide S.T.D. to some 375.

PROGRESS IN PROVIDING S.T.D.

Existing automatic exchanges contain equipment of
varying ages up to 45 years and it is, therefore, necessary
to provide for S.T.D. at exchanges containing all types of
50-volt step-by-step equipment from pre-2,000-type with
pre-3,000-type relays to the most modern 4,000-type.
Nevertheless, the plans for introducing S.T.D. have not
been restricted at any stage by inability to design S.T.D.
equipment for use with step-by-step exchanges. In fact,
such is the versatility of step-by-step equipment that even
the older types of plant are now providing S.T.D. service
in conjunction with both electronic and electromagnetic
register-translators.

To spread the design work over a reasonable period it
was decided to develop S.T.D. equipment for different
applications in sequence, and Table 1 shows the dates at
which the ordering of S.T.D. for various types of exchange
could begin. It was decided not to develop S.T.D. equip-



TABLE 1
Sequence of Development of S.T.D. Equipment

Date for Start of Ordering

September, 1956

Type of Exchange

Bristol Exchange (prototype)

G.S.C.s in non-director areas June 1957
Remote non-director exchanges

with group-selector-type equip-

ment April 1958
Group-selector satellite exchanges April 1958
Director exchanges July 1958

G.S.C.s in director areas ' January 1959

Incoming trunk automatic ex-
changes in director areas

Discriminating satellite exchanges

Remote non-director exchanges
with discriminating-satellite-
type equipment

Non-director exchanges (other
than G.S.C.s) incharging groups
adjacent to the London director
area

U.A.X.s No. 12, 13 and 14

January 1959
April 1959

April 1959

July 1959
‘ March 1963 (target)

ment for the few non-standard exchanges in the system.
e.g. those with common-control or by-path equipment,
or for use with certain other old patterns of equipment,
such as Siemens 16, 100-outlet first-code selectors and
U.A.X.s No. 7, which would become due for replace-
ment before an economic life could be obtained from
their S.T.D. equipment.

The ordering of S.T.D. equipment built up rapidly after
1957 until now it is normal practice to include it in all
contracts for new exchanges and extensions of existing
exchanges if the G.S.C. for the exchange is already work-
ing or will be brought into service during the design
period of the contract. At present 80 per cent of contracts
include the provision of S.T.D. equipment.

After the prototype S.T.D. equipment was brought
into service at Bristol in December 1958 nearly 12 months
elapsed before the second installation was ready for
service. From then on the program gathered momentum,

as is shown by Table 2, until, by the end of 1961, 69
G.S.C.s were working and S.T.D. was available at
178 exchanges serving 675,000 working connexions, i.e.
S.T.D. was in service in 13-5 per cent of the Post Office
telephone system.

In addition to the S.T.D. equipment already working,
other contracts placed before 31 December 1961 will
provide for 124 more G.S.C.s and 477 exchanges serving
approximately two million more connexions. Most of
this equipment will be in service by the end of 1963, so
that by then S.T.D. will have been extended to just over
half of the system.

This high rate of ordering of S.T.D. equipment is
already planned to continue up to 31 March 1963; by
which time S.T.D. will have been either provided or
ordered for:

(@) two thirds of the number of G.S.C.s required,

(b) 860 out of approximately 1,400 director and non-
director exchanges that will exist when all manual
exchanges have been converted to automatic working
(and these 860 exchanges will include nearly all the very
large ones), and

(¢) approximately 65 per cent of the working con-
nexions in the telephone system.

CONCLUSION

The progress made in providing S.T.D. is well in line
with the original plans for having the provision of S.T.D.
throughout the Post Office telephone system substantially
completed by 1970, and it is noteworthy that the original
estimates of the cost of providing S.T.D. equipment do
not differ appreciably from the actual costs for the work
completed to date. Furthermore the cost of exchange
equipment to provide S.T.D., excluding the costs of
exchange equipment associated with pay-on-answer
coin-boxes and local-call timing which are being pro-
vided concurrently with the S.T.D. equipment, is com-
parable to the cost of equipment required to handle the
same amount of trunk traffic manually. W.A.H.

TABLE 2 >
Growth of S.T.D. in Each Quarter Since September 1959

]
| Exchanges Working C .
- g Connexions
! GS.Cs | wﬁrﬁ)\élf-ire'%. ‘ having S.T.D. (Note) F
Quarter — — ‘ —- Percentage
Ended . | Total | | Total ' At Exchanges 1 of System
Opened | Working | During |, at End | provided with “ Total having S.T.D.
in at End | Quarter ‘ of S.T.D. during
Quarter of Quarter ! the Quarter
| | Quarter , I I |
31 Dec. 1959 | 1 2 1 ‘ 2 ‘ 600 8,000 ‘ 0-15
31 Mar. 1960 1 3 2 4 | 2,500 10,500 0-2
30 June 1960 1 4 3 7 10,500 21,000 0-4
30 Sept. 1960 1 5 2 ! 9 16,000 37,000 ’ 0-75
31 Dec. 1960 10 15 14 23 53,000 90,000 1-8
31 Mar. 1961 22 37 34 57 110,000 200,000 } 4
30 June 1961 12 , 49 27 | 84 95,000 295,000 6
30 Sept. 1961 ' 8 57 40 L1224 ‘ 180,000 475,000 9-5
31 Dec. 1961 12 69 54 , 178 200,000 675,000 | 13-5

Note: The number of working connexions at each exchange provided with S.T.D. has increased since the
date that S.T.D. was provided. The approximate numbers of working connexions at 31 Dec. 1961 have

therefore been shown throughout this table.
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cable terminal stations gives the necessary translation
to and from the full-group range of 60-108 kc/s and
the half-group range of 60-84 kc/s. Group reference
pilots of 84 kc/s are provided on both the full and half
groups.

Connexion between Vestmannaeyjar and Reykjavik, a
distance of about 72 miles, is by means of a new 24 channel
v.h.f. radio link. Between Gairloch and Inverness
24 channels are provided on audio cables with inter-
mediate repeater stations at Achnasheen and Dingwall.
To guard against variations in attenuation due to
temperature changes on the aerial-cable section between
Gairloch and Achnasheen, audio a.g.c. equipment is
provided at Gairloch, which operates on the change in
d.c. resistance of the phantoms of the circuits. Between
Inverness and London International Maintenance Centre
(LM.C./A),* two 12-channel groups are provided over
separate routes, one via a 24-circuit carrier system and
one via a mixed carrier and coaxial route.

The SCOTICE system was inaugurated by Miss
Mervyn Pike, M.P., Assistant Postmaster General, in
London, Mr. Ingolfur Jonsson, the Icelandic Minister of
Posts and Telegraphs, in Reykjavik, and Mr. Peter
Mohr Dam, the Lagmand (Lord Lieutenant) of the
Faroes, in Torshavn. The photographshows the ceremony
in London.

The system provides initially London-Reykjavik
telephone and v.f. telegraph circuits, London-Torshavn
telephone and v.f. telegraph circuits, Copenhagen—
Reykjavik and Copenhagen—-Torshavn circuits (via
London) together with an omnibus speech circuit and
v.f. telegraph channels for air-traffic control purposes
leased by the International Civil Aviation Organization
(I.C.A.O.).*

The telephone circuits are operated on a manual basis,
500/20 ¢/s generator signalling being employed; the
exception is one Torshavn-Copenhagen circuit which is

operated on a semi-automatic basis. In late 1962 or
early 1963 the Copenhagen-Reykjavik circuits will be
operated on a semi-automatic basis. At Torshavn 2-wire
pad switching is used, and 4-wire switching is used at
London on transit calls. At present 2-wire pad switching
is used at Reykjavik but this will be changed to 4-wire
switching in 1963. Differential far-end-operated half
echo-suppressors are used on the circuits, the echo
suppressors being installed at London, Copenhagen,
Torshayn and Reykjavik.

Other telephone and telegraph facilities are provided
between Iceland and the Faroes. Telephone and tele-
graph speaker circuits for maintenance use are also
provided over the system. It remains to be seen to what
extent telephone and telegraph traffic between the
United Kingdom and the Faroes and Iceland is stimu-
lated by the provision of the SCOTICE system, but first
impressions are very favourable.

The completion of the ICECAN® submarine cable
system, which will link with the SCOTICE system at
Vestmannaeyjar in late 1962, is awaited with interest.
Apart from completing the full requirements for the
International Civil Aviation Organization circuits it
will provide another possible communication link
between the continents of Europe and North America.

F.H.
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Book Review

“Mathematics for Telecommunications and Flectrical
Engineering.”” Vol. 2. D. F. Spooner, B.Sc., and
W. H. Grinstead, O.B.E., M.LLE.E., F.C.G.I. The
English Universities Press, Ltd. xiv + 514 pp. 159 ill.
15s.

The authors of this book should need no introduction to
students of telecommunication engineering, and, although
there are many text books on the fundamental material
covered, it should be comforting to students taking the City
and Guilds’ Telecommunication Technicians' Course to
know that this book has been written to meet their needs
and that one of the co-authors is the chief examiner in
mathematics.

The book is in two distinct parts: Chapters 1 to 7 cover
the Mathematics B syllabus of the third year of the
Technicians’ Course, with adequate revision of earlier work,
and the remaining five chapters deal with Mathematics C,
the final year of that course. The general treatment and
worked examples have a strong telecommunications bias
but the book could well be used by National Certificate
students for the new 01 and 02 courses.

An attractive feature of this book is the care taken by the
authors to explain each item in clear, concise and simple
language, amply supported by illustrative examples. The

figures and graphs have obviously been prepared by an
expert, and it is a*pity that the editorial work is not of an
equally high standard. There are many small but annoying
errors in the text; for example, in one instance cos 157 is
given as 1/4/2 (obviously a misprint), and in one of the
worked examples diametral and radial values are confused.

. d
In Chapter 8 it is incorrectly stated that rP (tan x) — secix
is demonstrated in the previous chapter, and in Chapter 7

it is also wrongly claimed that the relations chi (sin x) =

cos x and % (cos x) = sin x are proved in Chapter 10.

There is a liberal supply of exercises for the students to
solve, many being taken from past examination papers, and
a further valuable feature of the book is the inclusion, with
answers, of complete City and Guilds’ examination papers
and comparable papers used for National Certificate
courses. If these exercises are used conscientiously, an
industrious student will be able to acquire not only the
ability to pass the examination, but also a sound experience
in the application of fundamental mathematical principles
that will prove most useful should he embark oh more
advanced studies.

1.P.O.E.E. Library No. 2619. G H. K.
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Cooling System for High-Power Radio Transmitters

A.E. N. WASE, AMILEE."

U.D.C. 621.396.61—171

A cooling system for high-power radio transmitters is described

with particular reference to a new method of cooling transmitting

valves by water-vaporization, which has advantages over con-
ventional water or forced-air cooling.

INTRODUCTION

ADIO transmitters used for point-to-point h.f.
Rcommunication have an overall efficiency of about

37 per cent, so that a typical transmitter which is
rated at 20 kW continuous radio-frequency (r.f.) output
power has a total power consumption of 54 kW. Thus,
approximately 34 kW of electrical energy is dissipated
as heat within the complete transmitter installation and
has to be removed by means of a cooling system which
comprises an important part of the transmitter equip-
ment.

Of the 34 kW energy dissipated as heat, some 5 kW
are due to transformer and motor losses outside the
transmitter enclosure and up to 2 kW are dissipated
within the transmitter by radiation and convection. The
remaining 27 kW are dissipated in fairly high concentra-
tions in the power-amplifying stages of the transmitter,
and it is the main function of the cooling system to
remove this heat and so keep working temperatures
within acceptable limits. Most of this energy is dissipated
in the valve anodes of the main power amplifiers which
may be cooled either by forced-air or water. Certain
components, such as inductors and contacts, carrying
large r.f. currents also require special cooling by directing
jets of forced air on to them, and general cooling by
air ventilation of each cabinet is necessary in a large
transmitter installation.

After dealing briefly with the methods in current use
for cooling high-power valve anodes a new method,
shortly to be introduced into Post Office radio stations
and which promises important economic and technical
advantages, is described in some detail.

METHODS OF REMOVING HEAT FROM VALVE ANODES

The three methods of cooling a valve anode, which are
at present in common use, are direct radiation, forced-air
cooling and water cooling.

Valves of up to about 1-5 kW anode dissipation can
be cooled by direct-radiation cooling of the anode through
the envelope but above this rating they become incon-
veniently large and fragile. Silica-envelope valves were
made in the past for greater dissipations than this but for
the larger valves, in modern practice, the anode is made
as part of the valve envelope. The cylindrically-shaped
copper anode can then be cooled either by immersion in
water or, with radial fins attached to form a radiator, by
forced-air.

Forced-air cooling is most generally adopted for cooling
valves of moderate rating, exceptionally up to about
40 kW anode dissipation. A finned copper radiator is
soldered to the external surface of the cylindrical copper
anode and air is forced through the small passage-ways
between the fins at considerable velocity. Sufficient air

T Overseas Radio Planning and Provision Branch, E.-in-C.’s
Office.
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must flow to enable the heat transfer from the anode to
the air to keep the temperature of the anode from exceed-
ing about 200°C and the temperature of the glass-to-metal
anode seal from exceeding about 180°C. Air is the most
readily available and easily handled cooling agent, but
its inherently low specific heat and, therefore, low thermal
capacity entails the use of large volumes. Thus, a typical
valve anode dissipating 20 KW requires an air flow of
1,500 ft*/min at a pressure of 3in. water-gauge; a
pumping power of about 1kW is needed and the
temperature of the air is raised by 22°C. Higher pressures
have been used but are not favoured by the Post Office
as they lead to excessive noise levels in the transmitter
hall.

Water cooling a valve anode mounted in an external
jacket through which the water is pumped, provides a
more effective means of removing heat than air cooling
and permits the anode-dissipation rating of a valve to be
increased by 50 per cent. Water cooling is not often used
for valves rated at less than 10 kW anode dissipation but
valves of this type are readily available for powers up to
50 kW and have been made with anode dissipations of
the order of 200 kW. Steam bubbles which form on the
anode surface must be brushed off by using a high-
velocity water flow to prevent formation of local hot
spots. A water supply of 8 gallons/minute at a pressure
of 251b/in® is required to cater for a typical valve-
anode dissipation of 20 kW; the temperature of the
water is raised by 8°C and about 200 watts of pumping
power is needed, which shows an appreciable economy
compared with forced-air.

THE NEW METHOD OF COOLING VALVE ANODES

A new method of cooling high-power valves by
vaporization of water has been developed during recent
years; it uses a specially constructed thick-walled anode
immersed in water in a small boiler. Usually, deep
channels are cut in the external surface or cylindrical
waterways are bored axially through the anode, although
in some designs massive teeth have been provided giving
the anode a pineapple appearance. A channelled-
anode type of vapour-cooled valve is shown in Fig. 1.
and the valve in its boiler jacket, is shown in Fig. 2. The
heavily-ridged construction substantially increases the
external surface area of the anode in contact with the
coolant and aids dispersion of steam bubbles which are
created in the regions at the roots of the channels, i.e.
nearest to the internal anode surface. Heat is removed
from the anode by conversion of the cooling water into
steam, which causes considerable turbulence of the water
and rapidly causes the steam bubbles to be conveyed away
from the anode to the surface. The maximum permitted
anode-surface temperature is 125°C at the roots of the
channel, because above this temperature vigorous
boiling occurs at the ridges, preventing adequate wetting
by the water and so insulating the anode. In practice
the maximum operating temperature is usually about
110°C to prevent the possibility of this happening. The
steam generated passes to a condenser and the water
formed is returned by gravity to the boiler.






tion. Some cooling by forced-ventilation is usually
applied to most rectifiers and auxiliary supply equipment
sections of a transmitter, even where metal rectifiers are
employed.

During the last decade the general trend in design has
been towards wholly air-cooled transmitters with self-
contained forced-air ventilation systems providing the
ventilation required for all parts of the transmitter
equipment, using either a single blower or extractor fan.
Alternatively, a balanced blower and extractor fan
arrangement can be used which eases the problem of mak-
ing the transmitter cabinets reasonably air-tight. Itis now
Post Office practice to draw the air supply from the trans-
mitter-equipment hall to provide general ventilation of
the room and to re-circulate a proportion of the heated
air expelled from each transmitter back into the hall under
thermostatic control. Unwanted heated air is ejected to
the external atmosphere. Motor-operated louvres vary
the amount of air-recirculation from full, when the internal
ambient temperature falls to 15-5°C (60°F), to total
ejection of the heated air when the internal temperature
exceeds 21°C (70°F). The system has shown worthwhile
economies in space-heating transmitter buildings.

A fan driven by a 6 h.p. electric-motor is required to
provide some 3,000 ft*/min air flow at a pressure of
4 in. water-gauge for a practical cooling system of a
complete transmitter of 20 kW r.f. output power in
which all valves are air-cooled and the temperature of
the air is raised by 17°C. Using a vapour-cooled valve
in place of an air-blast type in the transmitter output-
amplifier stage reduces the total transmitter air-flow
requirements to about 1,800 ft*/min, for which an
electric motor of about 4 h.p. is adequate; the air
temperature is raised by 28°C. This waste heat can be
used effectively for space-heating purposes and the
smaller air flow can be conveyed in more conveniently
sized ducts than are required for a transmitter employing

conventional air-cooled valves. Also, the volume of air
displaced inside the building is reduced and is less likely
to cause draughts when the heated air from a number of
transmitters is being fully recirculated.

The advantages of vapour-cooled valves are much more
marked in higher-power amplifiers than the 20 kW r.f.
transmitter considered in this article, and a typical
transmitter using vapour-cooled valves giving 100 kW r.f.
output requires about 5,000 ft'/min. This is less than
half that required for cooling a transmitter of the same
size by forced air.

CONCLUSIONS

Water-vapour cooling of the anodes of the larger
valves effects the removal of waste heat at a higher
temperature in the coolant than can be achieved by
direct cooling by air or water alone, and also facilitates
the design of a more compact ventilation and cooling
system for a transmitter installation. The water-vapour
system is generally silent and does not produce un-
pleasant bubbling or hissing noises; care in design can
also ensure that the ventilation system is acceptably quiet
in operation. Water-cooled or vapour-cooled valves are
preferred in many applications because of the higher
anode-dissipation ratings potentially available; this may
permit, for example, the use of a single valve instead of
a pair of air-cooled valves in an amplifier, thereby achiev-
ing a simpler circuit arrangement and construction. Also,
at high frequencies, where stray circuit-reactance is
important, lower stray capacitance to earth may be
realized with an anode in a water-jacket than with a
large-finned radiator such as is used for forced-air
cooling. Increasing use is being made of vapour-cooled
valves in high-power h.f. amplifiers, broadcast trans-
mitters and industrial r.f. heaters where the saving in
size and cost of the forced-air ventilation system is
considerable.

Book Review

“The Arc Discharge. Its Application to Power Control.”
H. de B. Knight, M.Sc., M.1ILE.E., F.Inst.P. Chapman
& Hall, Ltd. xix + 444 pp. 209 ill. 63s.

The book is one of a series recommended for publication
py the Technical Papers Panels of Associated Electrical
Industries, Ltd. It describes single anode valves in which
the current is carried by an arc discharge and which can be
controlled by grids or ignitors. These valves are generally
referred to as thyratrons, excitrons and ignitrons. Rectifiers
without control electrodes, however, are also described.

The work is arranged in three main parts, comprising a
total of 10 chapters. Part 1 deals with general principles,
characteristics and construction, Part Il with physical
processes in the discharge and Part III with the various
applications of the valve.

The early chapters describe the functions of the valve
as an electronic switch, the flow of electrons and ions, the
design and construction of the hot-cathode rectifier and
other types of hot-cathode valves. Later chapters discuss
the general theory, thermionic emission, particle collision,

and the various physical processes and characteristics of the
discharge. The last four chapters are of most interest and
use to the practical engineer as they contain many practical
applications, such as half-wave and full-wave rectification,
and the various single-phase and three-phase bridge
rectification circuits. The factors affecting regulation of the
output voltage are discussed as well as the manner in which
valves may be employed as switches to control the current
supplied to a.c. loads. The different methods of controlling
the grid are described, whilst the interpretation of manu-
facturers’ specifications and ratings, and the notes on
operation and maintenance, are very useful. There are four
rather academic appendices dealing with units, fields of
force, gases, vapours and particle concentration.

The book is clearly written and well produced and can be
read and understood without an extensive knowledge of
mathematics. It will be very useful to those concerned with
the use of valves for power supply, rectification and control
purposes. For the reader who wishes to probe further into
any particular aspect of the subject there is a very com-
prehensive bibliography at the end of each chapter.

R.S. P
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The Use of Hammer Finish on Apparatus

U.D.C. 667.66

HE surface coating known as ‘“hammer” or

“hammered” finish first came into general use in

1946. The original system, a product of the U.S.A.,
was introduced into this country as the “Dimenso
Process.” It necessitated the use of special spraying
equipment that included an unusual gun equipped with
separate liquid feeds for the paint and for the thinners,
which entered the gun separately and were mixed after
Jeaving the nozzle.

This special apparatus could be obtained only on hire,
but the finish was extremely decorative and really did
resemble the deep hammered effect of old pewter. Due
to the effect of war-time restrictions, supplies of good-
quality metal were still difficult to obtain, and, quite
apart from its pleasing appearance, the process had
obvious possibilities in obscuring surface defects.

It was not long before a modified paint, which could
be applied by means of an ordinary spray gun, appeared
on the market. It relied partly on a controlled “leafing”
of the aluminium powder present in the paint (the plate-
like particles of aluminium becoming somewhat orient-
ated instead of being positioned completely at random)
and partly on a degree of coagulation of the varnish
medium during the flash-off* period. This latter effect
was obtained by a careful balance of solvent and diluent.

More recently, a different type of paint has been
marketed. It contains a silicone compound which is not
in true solution but consists of a fine suspension of tiny
micelles.t When such a paint is sprayed, each silicone
particle repels the varnish surrounding it, so causing a
pitting effect. The film obtained, unlike the non-silicone
variety, is not continuous, and may well have pin-holes
in the centre of the depressions through which the under-
lying surface can be seen. This defect is known as
“cissing” and the earlier type of enamel, containing no
silicone, is often referred to as “‘non-cissing.” This sort
of finish bears little resemblance to the original hammered-
pewter effect, but is extremely useful in camouflaging the
surface imperfections of metal. Both varieties can be
obtained in stoving or air-drying forms, but whenever
possible the former is preferred.

The Post Office accepted hammer finish on apparatus
largely because of the difficulty in obtaining an accurate
colour-match to the grey glossy enamel previously in use.
As various components may be supplied by different
manufacturers, variations in colour can be very obvious
after assembly.

After the change it was found, however, that matching
difficulties remained. At first, attempts were made to
produce such a finish similar in colour to the original
grey, but they had to be abandoned, and a new standard
for colour and pattern was agreed. Sample panels
showing the agreed finish were produced and are now
available for control purposes.

When production commenced it was soon noticed that
great differences both in colour and pattern can result

* Flash-off period—time taken for most of the solvent to
evaporate,
¥ Micelles— colloidal aggregates.

from variations in spraying technique, even from the
same tin of paint. Size of gun nozzle, air pressure,
viscosity of paint, and speed of application are among the
factors contributing to these variations. Furthermore,
the colour and pattern of the finished article may differ
considerably according to the angle from which the
surface is viewed. It was decided, therefore, that com-
parisons between samples and the standard should be
made by placing them side by side and viewing them from
a distance of approximately 4 ft and from a number of
angles. Identity of colour and pattern is not obtainable,
but two pieces of equipment having the maximum
deviation from the standard in opposite senses (e.g.one
lighter than the standard and one darker) must not
offend the eye.

Earlier specifications demanded a non-cissing enamel
applied as a one-coat system to a suitably pre-treated
metal, e.g. steel to be hot-dip-phosphated and zinc alloys
to be passivated (i.e. with the surface rendered chemically
inactive). Unfortunately, the spraying of this type of
finish requires a high degree of technical ability, and this
is not available at all factories. Some contractors found it
impossible to satisfy Post Office requirements and alterna-
tive finishes were therefore considered. It was decided
to accept silicone-type finishes but, because of the
possibility of the pinholes in this type of material giving
less efficient protection to the metal, it was thought
advisable to insist on the use of an undercoat. Further-
more, since the undercoat may be visible through the
pinholes, its colour is required to be similar to that of the
final paint film. The current specification permits either
a non-silicone finish as a one-coat process, or a silicone-
type finish applied over a matching undercoat.

Sometimes metal surface roughness, welding marks
and similar imperfections show even through a hammer
finish, but, in such circumstances, a ‘““filler-surfacer’” can
be used as the undercoat, resulting in a much improved
surface.

A further difficulty arose because some suppliers found
that the required degree of hardness could be obtained
only at the expense of flexibility and adhesion. Investiga-
tion showed that hot-dip-phosphating improves adhesion
only if all the residual salts are thoroughly washed away.
If this is not carried out efficiently the adhesion of any
paint film subsequently applied may be much worse than
that obtained on the bare metal with no pre-treatment.

After a number of alternatives had been tested, it was
decided to accept chromated acid-etching primers as an
alternative to the hot-dip-phosphate treatment for steel.
and these are proving quite satisfactory.

The permitted use of two types of hammer finish has
given rise to a number of requests from suppliers for
separate standards for the silicone and the non-silicone
varieties. It was felt, however, that this would lead to
further complications, and if a firm chooses to use the
alternative because of its greater ease of application, then
their finish must tone acceptably with the existing
standard when tested in the manner previously described.
This has not apparently proved to be an undue hardship.

A.D.W.
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fitted with a Schraeder valve to enable pressure checks of
the sealing to be made.

163A4-Type Coaxial Pair

The 163A-type coaxial pair has copper conductors.
The outer conductor is essentially a copper tape, with
crimped edges, formed longitudinally round the expanded-
polythene dielectric and with the edges of the tape butted.
Two steel tapes are wrapped helically round the outer
conductor to reduce crosstalk at lower frequencies and
to add mechanical strength to the cable. The inner
diameter of the outer conductor is 0-163 in., and at
1 Mc/s the cable attenuation is approximately 10 db/mile,
the characteristic impedance being approximately 66
ohms. The coaxial pairs are insulated from each cther
by a lapping of polythene adhesive tape.

The Eastbourne-Hastings cable has six coaxial pairs
laid round a centre group of five polythene-insulated
10 Ib/mile symmetrical pairs.

SYSTEM DESIGN

A block schematic diagram of the terminal equipment
is shown in Fig. 2, while Fig. 3 shows the dependent
repeater equipment in a similar manner.

The system is of the regulated type, i.e. it includes
automatic level regulation to compensate for attenuation
changes caused by variations in cable temperature. Level
regulation is effected at alternate dependent repeaters;
the principles of such systems have already been
adequately described’ 3. The present system, however,
differs from other coaxial systems in employing transis-
tors throughout instead of thermionic valves. The
regulating circuits, in addition to correcting level
changes due to cable-temperature variation, also absorb
the effects on transmission level of the small tolerances
in repeater-section length (4220 yards).

The system is designed to meet C.C.LT.T.* noise

* C.C.I.T.T.—International Telephone and Telegraph Con-
sultative Committee.
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limits of 3 pW/km under the conditions specified for the
hypothetical reference circuit* of 2,500 km.

The regulating pilot is 1,054 kc/s and it falls within the
small frequency band separating supergroups 4 and 5.
It is generated by main and standby oscillators with
automatic change-over in the event of failure. The
national 60 kc/s frequency-synchronizing pilot is also
transmitted, and a stabilizer on the monitor rack ensures
that this pilot is sent to line at a constant level so that,
when it is monitored at the receiving end, it gives a
reliable indication of the performance of the link. The
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FIG. 2—SIMPLIFIED BLOCK SCHEMATIC DIAGRAM OF TERMINAL EQUIPMENT

45



received level of both pilots is continuously displayed on
meters on the monitor rack. Recording decibelmeters
that give a permanent record of the received pilot levels
are provided.

The temperature coefficient of attenuation of the cable
is not constant throughout the frequency spectrum of
60-1,300 kc/s, being greater at 60 kc/s than at other
frequencies. Consequently, on long routes, cumulative
errors may occur when the cable is at a temperature
other than the mean for the territory. A manually-
operated cable-temperature equalizer is therefore incor-
porated in the system and compensates for this effect.

Emphasis and De-emphasis

So that the system can operate with optimum signal-
to-noise ratios, the send-line terminal is arranged to
transmit signals to line with a flat gain over the major
part of the band. This flat characteristic is modified
slightly at frequencies close to the pilot frequency
(1,054 kc/s) by means of a pre-emphasis network. An
inverse network in the receive terminal restores the
signal levels to their original relationship.

Amplifiers

The basic amplifier stage used throughout employs
two transistors in grounded-base push-pull configuration
with input and output transformers (Fig. 4). This
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FIG. 4—BASIC AMPLIFIER STAGE

arrangement gives a linear input-current/output-current
relationship, and in complete amplifiers employing a
number of these stages only small amounts of negative
feedback are used, mainly to improve output impedances.

Dependent Repeaters

The dependent repeater provides the gain and
equalization required for one line section (approximately
7 db gain at 60 kc/s and approximately 27 db gain at
1,300 ke/s). The repeater (Fig. 3) consists of an input
equalizer and two amplifiers each comprising two of the
stages shown in Fig. 4. The amplifiers are coupled by a
Bode-type regulator network® plus a second equalizer.
The two equalizers give the required shape to the
gain/frequency characteristic.

Each unregulated repeater has its Bode-regulator net-
work terminated in 510 ohms and in this condition the
network has a uniform loss of 5 db from 60-1,300 kc/s.
At regulated points, however, the network is terminated
in a thermistor, which is the loss-controlling element.
Heater power for the thermistor is derived from the
1,054 kc/s pilot at the repeater output. Regulated
dependent repeaters have a control ratio of approximately
4 : 1. Regulation at a dependent repeater is normally
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carried out in one direction of transmission only, the
signals for opposite directions being regulated at each
successive repeater.

Terminal Repeaters

The auxiliary, transmit and receive flat amplifiers each
comprise three basic stages with a small amount of
negative feedback between the last two stages to improve
the output impedances; the gain of each amplifier is 25 db.
The receive line amplifier at the terminal stations is
electrically similar to a regulated dependent amplifier
although it differs physically to make it suitable for
mounting on a 56-type rack-side, and in addition the
control ratio of the amplifier and regulator is of the order
of 10 : 1 so as to provide the increased control required
by the last station in a regulated line section.

POWER SUPPLIES
Safety Considerations

The small amounts of power consumed by transistor
repeaters have made it possible, for the first time, to
employ constant-current power feeding at safe voltages
on coaxial-cable links, thus permitting a major simplifi-
cation of power-feeding arrangements. Complicated
power-switching procedures, designed to protect per-
sonnel from high voltages, and expensive standby power
arrangements for dependent repeaters are unnecessary.
Power-separating circuits are also simpler. It was,
nevertheless, necessary to fix an upper limit to voltages
and line currents in the interests of safety, and the limits
decided were as follows:

(a) The voltage between an inner conductor and earth
should not exceed 250 volts.

(b) The current through a 2,000-ohm resistor between
any conductor and earth should not exceed 50 mA, even
under fault conditions.

(c) The time taken for the current stabilizer to reduce
current to 50 mA when power is first switched on to the
line, or the power unit is loaded with 2,000 ohms, should
not exceed 250 ms.

Terminal-Station Power Circuits

A block schematic diagram of the power circuits on the
terminal rack is shown in Fig. 5. The conversion of a.c.
mains to outputs of 20 volts d.c. and 21 volts d.c.
anticipates the provision of coaxial line systems of this
type in stations where power supplies for transistor
equipment only are available.
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FIG. 5—BLOCK SCHEMATIC DIAGRAM OF TERMINAL-EQUIPMENT
POWER-SUPPLY ARRANGEMENTS



The power-supply unit for the supervisory circuits
provides a nominal 120-volt d.c. output by means of a
single-transistor switch in a transformer-coupled circuit.

The d.c. convertor and current stabilizer is capable of
feeding 15 dependent stations and the current is
stabilized at 49 4- 1 mA. The voltage required to supply
15 stations, however, exceeds the safety limits imposed by
the Post Office, and the maximum number of dependent
stations that can be fed using the permitted 250-0-250
volts d.c. is 12. Each repeater section accounts for a
voltage drop of some 40 volts.

The stabilizer is operated from 21 volts d.c. Uni-
directional pulses are applied to the primary of a step-up
transformer to yield a high-voltage secondary current
which, after rectification and smoothing, is suitable for
feeding to line. The frequency of the pulses is constant
at 1 kc/s, under the control of very short pulses derived
from a 1 kc/s square-wave oscillator. The duration of
the pulses is, however, governed by voltages from
comparison circuits that monitor the current to line.
These voltages change with changing line current,
lengthening the duration of the applied pulses when the
value of the line current falls and shortening the duration
of the applied pulses when it rises.

Dependent-Repeater Power Circuits

A schematic diagram of the power-separating circuits
at dependent repeaters is shown in Fig. 6. The current is
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applied in series with the amplifiers and regulators, but a
Zener diode in parallel with each unit maintains a
constant supply-voltage and prevents damage to the
units by line surges.

SUPERVISORY AND ALARM CIRCUITS
Dependent Repeaters

The alarm and supervisory circuits of a dependent
repeater are shown in Fig. 6. Relay PF is operated when

power is on the circuit. If power fails relay PF releases
and short-circuits the alarm and supervisory pairs.
Under fault conditions, e.g. a broken inner conductor,
the power-fail condition is applied at all succeeding
repeaters to the end of the power-feeding section. Power
is maintained at stations up to the one preceding the
fault, however, as at this station relay PF releases and
loops the inner conductors, and a contact of relay APF
disconnects the pilot-deviation circuit preventing the
simultaneous operation of relays APF and APD.

A 1,054 kc/s pilot failure or a deviation in level by
more than --4db operates relay APD from pilot-
deviation contacts provided on regulated repeaters only.
A contact of relay APD connects a rectifier across
the alarm and supervisory pair. The sense in which the
rectifier is connected to the alarm pairs identifies the
direction of the pilot that has failed. Location of faults
is made by resistance-bridge methods. In general it is
necessary to locate pilot failure from the pilot-sending
terminal and power failure from both terminals.

Terminal Stations

At terminal stations, alternate positive and negative
pulses of some seconds duration are applied to the alarm
pair. These pulses are monitored by relay circuits that
are sensitive to large changes in line impedance and
respond distinctively to the three basic alarm conditions:

(a) alarm pair looped,

(h) alarm pair looped via a rectifier, and

(¢) alarm pair looped via a rectifier connected in
reverse sense to the one provided under (b).

The detection of an alarm condition causes a suitably-
labelled lamp to glow and operates the station alarms.

TEST EQUIPMENT

A portable transistor-type inter-supergroup pilot-
measuring set powered by batteries has been designed,
and suitable level-measuring points (and also power-
voltage check points) are provided at dependent repeaters.
The set also measures the 1,054 kc/s regulating pilot.
There is also a portable amplifier change-over unit that
allows amplifiers at dependent repeaters {0 be changed
without interruption to service. This set can also be used
as a test jig when servicing amplifiers.

As an aid to locating intermittent faults without
interfering with service on a route, a small 308 kc/s
transistor oscillator has been designed that may be
placed inside a dependent-repeater container and its
outpit applied to the system at a level-measuring point.
The oscillator may be moved from repeater to repeater
along a route until its output, monitored at a receiving
terminal, is no longer subject to intermittent interruption.
The approximate position of the trouble is then known.

A portable transistor-type telephone set is used for
communicating with the terminals from dependent-
repeater points and, for the short Eastbourne-Hastings
system, a 2-wire circuit is used. The set has a loudspeaker
that also serves as a microphone. The circuit is changed
over from ‘listen’ to ‘speak’ by operating a non-locking
key. D.C. loop signalling under the control of a push-
button is used to call the terminal stations.

BRIGHTON—CHICHESTER SYSTEM

The system manufactured by the Automatic Telephone
& Electric Co., Ltd.,* and installed between Brighton and
Chichester differs in several respects from the one just
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described. The intermediate repeaters are housed in
nickel-iron box-type containers that can be placed either
in existing manholes or in footway boxes.

The cable used is the 163B-type, which has a character-
istic impedance of 75 ohms and a slightly higher attenua-
tion than the 163A-type. In spite of this, repeater
spacing is maintained at 4,000 yards and regulation is
only effected at every fourth dependent repeater. A novel
feature of the control system is the provision of an
external test socket that may be cabled to a point remote
from the manhole, enabling transmission and power
measurements to be made without opening the repeater
container; a portable transistor-type level-measuring set
and pilot-level indicator are provided. This test point
also gives access to the speaker circuit, for which a
portable amplified telephone is provided.

The terminal transmission, supervisory and power-
feeding equipment for two systems is mounted on one
rack-side.

POST OFFICE STANDARD SYSTEM

For future installations an overall design specification
has been prepared by the Post Office Engineering
Department, making use of the experience gained during
the present field trials and incorporating later recom-
mendations of the C.C.LT.T. An attempt has been
made in this design to combine reliability of operation
with simplicity and ease of maintenance.

The cable for new installations will be the 174-type
(75-ohm), samples of which have been made by a
number of contractors. Various methods of supporting
the inner conductor are used. Although essentially an
air-spaced cable, a thin continuous layer of insulant
exists between the inner and outer conductors to guard
against the possibility of contact between conductors due
to kinking. The attenuation of the cable is of the order
of 8-5 db/mile at 1-0 Mc/s.

The dependent repeaters, spaced at 6,300-yard intervals,
will be installed in a newly designed container (Repeater
Equipment Box No. 1).

It is hoped that the first standard system, between
Widemouth and Tavistock and forming part of the
TAT-3 link,” will be ready for service in 1963.

POSSIBLE FUTURE APPLICATIONS

The next 10 years should see the installation of many
of the standard systems as short links between large
towns and as spur routes; other possible applications.
such as radio-link extensions and perhaps wide-band
data-transmission circuits, can be envisaged.

Junction cables between exchanges in high telephone-
density areas are costly and could perhaps be superseded
by small-diameter coaxial ‘“audio—audio” links using
composite rack-sides with built-in signalling facilities for
the terminal equipment. The capacity of existing duct
routes would be increased at the cost of small additional
space requirements within the exchange. These require-
ments would be partly offset by a decrease in the space
required on the main distribution frame.

There may also be a challenge to existing methods of
providing trunk routes between large cities because
multiple small-tube cables carrying systems of simple
design might prove preferable to single large-capacity
complex systems. On multi-system routes the loss of a
single small-tube system would not be catastrophic and
provision of spare lines could be both simple and liberal.
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Book Review

“Static Relays for Electronic Circuits.”” Edited by R. F. Blake.
Reinhold Publishing Corporation, New York, and
Chapman & Hall, Ltd., London. viii + 198 pp.
168 ill. 63s.

The book is based on a Static Relay Symposium spon-
sored by a U.S.A. military organjzation. In 17 chapters by
different authors the static relay is treated as an entity
which can be packaged as an interchangeable and replace-
able unit for general use. As such it is more familiar and
useful to control-system than to communication engineers,
and, indeed, even some of the items common to both are
known by different names, e.g. transwitch for pnpn tran-
sistors.

One chapter states at some length the requirements of
static relays; included is not only a high impedance in
series with a load when the circuit is open and a high
conductance when the circuit is closed but also a snap
action and other features further to simulate relays with
metal contacts. When to these requirements are added
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isolation between input and output and, in some cases, no
power supplies other than the operating input, some quite
complicated circuit arrangements resalt. It is recognized
that static relays compete with mechanical relays in such
circumstances only when they are required to have some
feature not obtainable mechanically, such as a very high
speed of operation or the ability to withstand vibration or
high acceleration.

A wide range of basic switching elements and their
characteristics are described. Circuit configurations to
simulate most types of electromechanical relays and
applications are given, and two chapters are included on
bistable magnetic amplifiers. Solid-state ‘‘contacts™ for
various control-switching purposes are described, together
with power switches. There is a chapter on tunnel
diodes as amplifiers and switches.

The book is practical and easy to read, and is commended
to power and control-system engineers for the quantity of
useful information collected in one volume, and to tele-
phone-switching engineers for general interest.

T. H. F.



Power Units for Use at Subscribers’ Premises

M. B. MOORE, A.M.I.E.E.T

U.D.C. 621.311.62 : 621.395.721.1

A series of small mains-operated power units has been developed

to operate telephone equipment at subscribers’ premises. The

characteristics of the power units and the considerations that led
to their development are briefly outlined.

INTRODUCTION

OME types of subscribers’ telephone equipment, e.g.
Ssmall private branch exchanges, are usually operated

by direct current drawn from wet or dry primary-cell
batteries or secondary-cell batteries, and maintenance
costs are disproportionately high. The use of power
leads from public telephone exchanges as an alternative
source is wasteful of line plant. A series of simple mains-
operated power units has, therefore, been developed
particularly for use at small private branch exchanges and
similar installations.

DESCRIPTION
The power units consist essentially of a mains trans-
former associated with a rectifier element, a choke and
an electrolytic capacitor; a typical circuit is shown in
Fig. 1. The input fuse, which is of a surge-resistant type

FIG. 1—-TYPICAL CIRCUIT OF A POWER UNIT

that withstands initial surges when the unit is switched
on, gives adequate protection against faults that might
develop within the unit. The output fuse protects the
rectifier from damage in the event of a breakdown of the
capacitor. Tappings on the transformer cater for various
input voltages and, on the secondary winding, for
variations of rectifier-element characteristics as well as
providing compensation for aging of the rectifier
elements.

Economically, the broadest possible limits of voltage
regulation are desirable for units of this type, and the
designed output-voltage excursions (at nominal input
voltage) between no load and full load are the maxima
that can be tolerated by the equipment to be served.
Fig. 2 shows the relationship between load current and
output voltage of a typical power unit. The section AB
represents the load of the resistor, and the section BC is
the useful load that can be drawn from the unit. The

t Subscribers’ Apparatus and Miscellaneous Services Branch,
E.-in-C.’s Office.

!HaLLAYy, C. M., and LIDBETTER, E. J. A New Small
Cordless P.M.B.X. Switchboard. P.0.E.E.J., Vol. 54, p. 22,
Apr. 1961.

? AKESTER, K. M. A Switching Unit for Use with 700-Type
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resistor provides both an economical means of improving
the regulation of the unit and a leakage path for any
charge that might otherwise be left on the capacitor when
the supply is disconnected. The output characteristics of
the power units are, in general, such that the units are
unsuitable for battery charging.

A number of units have already been developed,
including two intended for use with the new cordless
lamp-signalling switchboards.! These units have full-load
outputs of 0-5 amp and 1 amp at 45 volts, and a no-load
output of 55 volts. Their output is smoothed so that
the ripple-noise voltage is below the permissible maxi-
mum of 2 millivolts.

A further power unit has been designed for use with a
Plan Set N625.2 There is no transmission bridge in this
telephone switching apparatus to filter some of the
ripple noise, and the maximum ripple voltage on the
unit is, therefore, limited to 0-75 millivolts. Its output
voltage of 10 volts at 0-25 amp rises to 12-25 volts with
no load. .

A series of units with full-load outputs of 0-33 amp,
1 amp and 2 amp at 22 volts, and a no-load voltage of
28 volts, has also been designed for use with the older
types of indicator switchboards serving up to 65 lines.
The output of these units is smoothed to give a ripple
voltage of less than 2 millivolts.

The principal characteristics of the power units that
have so far been developed are summarized in the table.

Ringing Converter

All the power units, except that designed for use with
the Plan Set N625, include space and fixing holes for a
small self-contained mains-driven ringing converter so
that power ringing can easily be provided if required
(Fig. 3).

Mounting Arrangements

The mounting arrangements for the 45-volt power
units are such that the units match other ancillary equip-
ment associated with the cordless lamp-signalling
switchboards, i.e. the connexion box and. auxiliary
apparatus units, which are wall-mounted. Fig. 4 shows
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Signalling System A.C. No. 9
J. V. MILES and D. KELSON, AM.LEE.}

U.D.C. 621.395.385.4

A new 1 v.f. 4-wire connected signalling system (S.S.A.C. No. 9)
has been developed for completing the trunk-mechanization program
and for subscriber trunk-dialling applications. The new signalling
system has superseded S.S.A.C. No. 1 for the provision of voice-
frequency signalling facilities on the national trunk telephone
network. This article describes the principal features and require-
ments of the new design and includes the facilities and details
of the v.f. receiver and buffer amplifier.

INTRODUCTION

RIOR to the development of the new voice-frequency
Psignalling system, S.S.A.C. No. 9, inband voice-

frequency signalling on the inland network was given
by the S.S.A.C. No. 1 system." While the S.S.A.C. No. 9
system gives the same basic facilities as the S.S.A.C. No. 1
system, which it now supersedes, advantage has been
taken of modern thought and trends in the inband
voice-frequency signalling art, which have resulted in the
new signalling system being much less expensive, more
compact and smaller in physical dimensions, and simpler
than the older system. Opportunity has also been taken
to include some additional facilities and to incorporate
features designed to eliminate certain limitations of the
S.S.A.C. No. 1 system.

The relative simplicity and reduced costs have, in
general, been achieved by the use of a single signalling
frequency (2,280c¢/s) with the signalling equipment
inserted in the 4-wire circuit, compared with the two
signalling frequencies (600 and 750 c/s) and signalling
equipment connected in the 2-wire, as used for the
S.S.A.C. No. 1 system.

FEATURES OF THE NEW DESIGN

Connexion and Mounting Arrangements of 4-wire[2-wire
Termination and Line-Signalling Equipment

For association of the signalling equipment with a
circuit, the 4-wire audio ends of the transmission circuit
are cabled to the S.S.A.C. No. 9 relay-set racks in the
trunk automatic exchange. The signalling equipment is
4-wire connected as shown by the block-schematic dia-
gram given in Fig. 1. When, however, the circuits are
switched on a 2-wire basis it is necessary to provide a
4-wire/2-wire termination in the circuit. The hybrid
transformer used for this purpose in the 2 v.f. system
forms part of the transmission equipment but for the
1 v.f. system a new transformer (Transformer No. 3/326A)
has been designed.

In the overall economy of the design all the items that
are associated with the line at either end of a unidirect-
ional S.S.A.C. No. 9 circuit are contained on a single
base-plate of a standard 2,000-type relay-set. This
includes the transformer used for the 4-wire/2-wire
termination, which was designed to take the position of
two 3,000-type relays and i1s fitted with the signalling
equipment on the exchange relay-set mounting-plate.

Tandem Dialling and Interworking on a Link-by-Link Basis
Subscriber trunk-dialling tandem routings will, in the

f.iri Telephone Exchange Systems Development Branch, E.-in-C.’s
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FIG. 1—SIGNALLING EQUIPMENT CONNECTED IN THE 4-WIRE LINE

future, be carried by a new 4-wire-switched transit net-
work but S.S.A.C. No. 9 will not be used for this.
While most of the applications of S.S.A.C. No. 9 will
concern circuits that are used only to provide a direct
route to the terminal zone centre some tandem routings
will, however, be required with this system. Where a
tandem routing is involved S.S.A.C. No. 9 uses the
link-by-link method of signalling. No through-signalling
using end-to-end v.f. signals is employed, so that, for
either a direct routing or a tandem routing, it is necessary
to split the line at the 4-wire v.f. signal-receiving point
and confine the signals that the system uses to the
individual link within which a v.f. signal originates. Any
signal requiring end-to-end recognition on a tandem
connexion involves a d.c. signal repetition at the tandem
switching point.

In the absence of the discriminating requirements
which fully-flexible through-signalling arrangements
would have entailed, the circuit design is less complex
than it otherwise would have been.

Echo Suppressors Associated with a Circuit using V.F.
Signalling

An echo suppressor, when performing its designed
function, must permit transmission in only one direction
of the two possible directions provided by the trans-
mission path of a 4-wire circuit. To take full advantage
of the possibilities of a 4-wire connected v.f. signalling
system simultaneous signalling in the two directions is
desirable. If for transmission considerations an echo
suppressor is present in a circuit so that it prevents signal-
ling in both directions simultaneously then the signalling
has to be delayed in one direction of transmission, with a
resultant complexity of the signalling equipment.

Furthermore, in the presence of speech or tone in one
direction, an echo suppressor can effectively block the
transmission path required for signalling in the reverse
direction. This causes particular difficulty when a tone
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originating from a continuous source in the switching
system (e.g. number-unobtainable tone) exercises control
over the echo suppressor. In a 2-wire connected signal-
ling system it is generally necessary to include means
within the signalling relay-set to overcome this difficulty.
In S.S.A.C. No. 1 the transmission path is interrupted to
allow echo suppressors to restore from the effects of

No. 1. For these purposes, the new system uses a single
signalling frequency of 2,280 ¢/s which is transmitted as
indicated in the table. The table also shows the recogni-
tion times for the different signals.

Signals used for S.S.A.C. No. 9

continuous tone in the backward direction, thus per- \ R -
mitting forward v.f. signals to function correctly. L Duration of ﬁi;’f‘}‘;;"“
Maximum advantage can be obtained if the design of Pirection of Signal Signal Trans- | g;onal Trans-
the signalling system offers the opportunity of connecting ransmission (in mg) mission
the echo suppressor in the 4-wire line where the suppressor (in ms)
cannot in any circumstances affect the v.f. signalling Seizure 50-80 20-35
path. Link-by-link signalling permits this if the echo Element of I
suppressor is connected at the position shown in Fig. 1, Forward digit pulse-
from which it can be seen that the suppressor insertion plrain 78(*79 ! 4(2)&20
points are not within the v.f. signalling path; these orward clear 0 min. | 0
insertion points are connected to U-points on the shelf Answer 200-300 | 100-150
jack of the outgoing relay-set. Clear back 200-300 100-150
The number of circuits in which it is necessary to Backward geliase %uafd 650 min. 400-600
conneet echo suppressors is a small percentage of the ! agu:)',a(rNote) Continuous | 35 max.
total number of inland circuits, and the allocated |

U-points are wired out to a rack connexion block only
from those shelf-jack positions nominated on a pro-
portional basis; the cabling from the rack is provided as
required.

Operator Access

In general, operators will gain access to the S.S.A.C.
No. 9 circuits using loop-disconnect pulsing circuits via
selector levels. Provision has been made, in certain
circumstances, for direct access to S.S.A.C. No. 9
circuits from a manual board over 3-wire junctions: a
loop-disconnect pulsing relay-set, having a P-wire
controlled relay for guarding, can be connected, via the
3-wire junction, directly to the S.S.A.C. No. 9 auto-auto
relay-set at the trunk exchange. Direct-access facilities
on a sleeve-control basis are not provided. A typical
routing used by an operator to gain access to the S.S.A.C.
No. 9 circuits via a selector level is shown in Fig. 2.

SIGNALLING FACILITIES

Facilities Equivalent to Those Provided by S.S.A4.C. No. 1
In catering for seizure, digital pulsing and forward
clearing, and for called-subscriber answering, backward
clearing and backward busying, S.S.A.C. No. 9 provides
facilities equivalent to those provided by S.S.A.C.

Note: On a bothway circuit the backward busy signal is transmitted for a minimum

period of 1,650 ms. This signal is recognized by the incoming equipment at the

distant end as a seizure signal; after 120~180 ms this seizure 1s cancelied but the
associated outgoing equipment remains busied.

Signal Sending Level

The maximum signalling level allowed decreases as the
signalling frequency increases, due to channel-to-channel
crosstalk considerations of the transmission systems.
A lower signalling level is therefore used for the new
1 v.f. system than for the older 2 v.f. system. In the new
system the signals are transmitted at a sending level of
— 6 4= 1 db with reference to a point of zero relative level.
Therefore, from the — 4 dbr point of the 4-wire circuit,
at which the signal sending circuit is associated with the
line, the signals are transmitted at the nominal signal
level of — 10 dbm.

Release Guarding and Repeat Clearing

In general, the S.S.A.C. No. 9 circuits will be available
from selector-level outlets and from this aspect it is
important that a circuit should not remain continuously
available for traffic from the associated selector-level
outlet when a failure has rendered the circuit unworkable;
this is particularly so when the calls have been originated
by subscribers who have subscriber trunk-dialling
facilities. To meet such circumstances the system design

includes a sequenced release guard

1
1
|
I

develops a fault condition such that a

ORIGINATING TRUNK SWITCHING TRUNK SWITCHING TerMiNaL  using the release-guard signal shown in

GROUP CENTRE CENTRE A CENTRE B EXCHANGE the table. Using this sequence a Sjgnal-
| 1 ] | | i 1 is dete W i 1
| 0op-oisconnecT | I : ! | ling failure is detected when the circuit
I PULSING | ! | | | is cleared down.

v o200 onme T ' l | ' When a forward-clear signal has been
| 0-2000 OHMS | | i ] ¢ 1 A

AMPLIFIED OR | wem ! 1 { recognized by the incoming equipment
I | = lssacs | . "
| UNAMPLIFIEC) | = I Ne o1 \ ; and has ceased, a release-guard signal is
i I . —{] ! | returned to the outgoing equipment as
I m— 1 —-— 3 -
| == A/ RIS | e s = ! L00P-0ISCONNECT | an acknowledgement signal. At the out
I | WITH PULSE! | WITH == U PULSING l going equipment the selector-level outlet
I | CORRECTOR ! PULSE st A/A H——— ] ] remains busy until the release-guard
i I [ [CORRECTOR s 0-1500 OHMS : :
1 ) - (UNAMPLIFIED) signal has been recognized and has
-— . . . . . .

I | ceased. When a circuit which is in service
I |
| I
I |

52

i

| |
| | NOTE

| i

1

I I

| 1 |

Note: 0~2,000 ohms (unamplified) where the terminal exchange equipment is 2,000-type.

FIG. 2—TYPICAL OPERATOR ROUTING OVER S.S.A.C. No. 9 CIRCUIT

release-guard sequence will be prevented
it may be taken into use by a call which
will be lost, but this will be the only call



lost as thereafter the faulty circuit remains continuously
guarded. Following the failure of the release-guard
sequence on a circuit the outgoing relay-set gives a
delayed visible and audible alarm at the trunk test rack.

In order that a circuit may automatically be returned
to service following the clearance of a short-term failure,
particularly where the circuits are controlled at an
unattended exchange, the facility of ‘“‘repeat clearing”
has been included in the system design: the seizure and
forward-clear signals are transmitted from the outgoing
relay-set as a continuously repeated test sequence, con-
trolled by a standard thermal relay giving a 50-second
cycle time. When the release-guard signal is eventually
returned correctly the circuit is released in the normal
way.

Pulse Correction of Repeated Signals

To obtain the advantages of pulse-corrected digit pulse-
signals without using a pulse-storage method the new
system employs a relay-type pulse-corrector element.
This pulse-corrector element provides a delayed fixed-
break output, using a capacitor-control circuit, and was
developed in two forms: (@) using a standard double-
contact high-speed relay, and (b) using two standard
single-contact polarized relays. Details of the design and
the performance of these two types of pulse-corrector,
including the performance limits of type (b) when pulsing
into a terminal-area network, have already been described
in the Journal.?

Both of the types are used in the S.S.A.C. No. 9
system. The cheaper element, using the high-speed relay,
controls the duration of the digit pulse-signals sent by the
outgoing relay-set. These signals, representing the fixed-
break output from the outgoing corrector, are trans-
mitted within the limits shown in the table. The output
of the incoming polarized-relay-type corrector is designed
to transmit the digit pulse-trains from the incoming
relay-set to the forward equipment with fixed-break
limits of 57 + 4 ms.

The outgoing-circuit elements concerned with trans-
mitting the seizure and digit pulse signals are shown in
simplified form in Fig. 3. In the S.S.A.C. No. 9 system
provision has been made for a “silent prefix” of at least
15 ms prior to the sending of any system signal to allow
the receiver guard-circuit time to recover fully from the
effects of any preceding d.c. surge. As indicated by the
circuit-operation sequence shown in Fig. 3 the delay
time of the outgoing-pulse corrector has been adapted
to provide the silent prefix preceding a digit pulse-train.

The circuit elements concerned with seizure-signal
recognition and digit-pulse repetition are shown in
simplified form in Fig. 4. The performance of relays B
and CD in this circuit is such that they will hold satis-
factorily over the range of make and break durations of
the received digit pulse-trains originated by a dial giving
pulses within a range of 8-12 p.p.s.

Safeguarding an Answered Call Against a False Forward
Clear

The forward-clear recognition time is related to the
performance limits of relays which must hold during
pulsing, when they are not continuously energized, and
is adequate to meet the voice-immunity requirement
under normal circumstances. When, however, the room
noise includes high-level “whistling” effects, either oral
or similar to those that emanate from high-speed
rotating machinery, such effects may succeed in imitating
the 2,280 ¢/s signalling frequency for periods which
exceed the forward-clear recognition time.

Although such occurrences are likely to arise very
infrequently, the circuit has been designed, at very little
additional cost, to prevent the loss of an answered call
in these circumstances. This safeguard has been in-
cluded by using relay XS in the outgoing relay-set
(Fig. 3), and using relays already incorporated in the
design of the incoming relay-set to provide a recognition
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xs SEIZURE SEQUENCE
pt A+
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2W/4W PD+
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In the circuit-operation sequences shown at the right-hand side the letter codes refer to the relays; the - sign denotes operation of the relay and the
— sign denotes 1ts release.

FIG. 3—SEIZURE AND OUTGOING-PULSE-CORRECTOR CIRCUIT ELEMENTS
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SEIZURE SEQUENCE
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In the circuit-operation sequences shown at the right-hand side the letter codes refer to the relays; the -- sign denotes operation of the relay and the
— sign denotes its release.

FIG. 4—SEIZURE-RECOGNITION AND INCOMING-PULSE-CORRECTOR CIRCUIT ELEMENTS

time of 50-80 ms. If a continuous tone at the signalling
frequency is received at an incoming relay-set which is
in the answered-call condition, it returns a continuous
signal after a delay of 50-80 ms. When this signal is
received at the outgoing relay-set, the outgoing relay-set
checks whether it is sending the forward-clear signal; if
it is not, the continuous tone in the forward direction is
interrupted by the release of relay XS, which splits the
transmission path. The incoming relay-set then stops
sending the continuous signal in the backward direction,
and, when this signal ceases, the outgoing relay-set
restores the transmission path. If the false signal is still
present, the interaction between the incoming and
outgoing relay-sets continues until the false signal ceases.

Line Splitting

To avoid misoperation of subsequent v.f. signalling
systems in a connexion, v.f. signals should, as far as
possible, be confined to the link on which they are
used, and to achieve this a line-splitting technique
is employed. Spill-over of signals from one link to
another will occur during the operating time of the line-
splitting arrangements, which time should, on the one
hand, be short to minimize the spill-over but, on the
other hand, sufficiently long to minimize false line splitting
during speech due to signal imitation by the speech. The
maximum period of spill-over should not exceed the
minimum signal-recognition time of other systems using
the same or nearly the same signalling frequency.

In the S.S.A.C. No. 9 system the line splitting occurs
within the limits 5-15ms before the called-subscriber-
answer signal is received, but after this signal has
been received the line-splitting time limits are 20-35 ms;
by splitting the line within 35 ms the new system meets
the C.CIT.T. recommendations. The line-splitting
function is performed by the buffer amplifier.
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Suppression of Near-End Interference

In the absence of special precautions, the near-end
interference, in the form of speech or tones, will be
received by a v.f. receiver connected to the receive path.
This interference can be at a level within the the normal
working range of the receiver and could energize both
the receiver guard circuit and the receiver signal circuit,
or either one or the other, just prior to, or during the
receipt of, v.f. signals. In the S.S.A.C. No. 9 system the
suppression of near-end interference is performed by the
buffer amplifier, a device which gives a high insertion loss
in the direction 4-wire/2-wire termination to receiver and
a substantially zero loss in the reverse direction.

Influence of Voice Immunity on the Choice of Signalling
Code

The voice-immunity characteristics of the system as a
whole have been assisted by the choice of the signal
code. For instance, the lower limit of the signal recogni-
tion time for the clear-back signal has been set solely to
provide immunity from speech imitation of this signal
after the call has been answered as a normal metered call.
Again, S.S.A.C. No. 9 permits 2-way speech transmission
without the need to first receive an answer signal (a
facility not given with S.S.A.C. No. 1) and the lower
limit of the answer-signal recognition time has been set
solely to provide voice immunity.

The upper limit for the transmitted durations of the
answer and clear-back signals gives the new signalling
system a reasonably fast speed of supervisory signalling.
Furthermore, where the routing of a call is extended via
a distant manual board, the single-pulse clear-back
signal assists the operating procedure: the line splitting
is not continuous during the time that a backward clear
is indicated by the distant equipment.

As the answer and clear-back signals are transmitted



for similar durations and the recognition times are the
same it has been possible to use a common timing relay
for both these signals. For the foregoing advantages the
system relies on the non-operation of the v.f. receiver
for periods which would release this common timing
relay when it is giving its minimum release lag of 100 ms.
The lower limit for the forward-clear recognition time
influences the characteristics of relay B which must
remain operated during the signalling of digit pulse-
trains. It will be seen that the limit required for this
purpose is well in excess of that provided for voice
immunity withrespect to theanswerand clear-back signals.

On routes controlled by operators, the distant receiver
is exposed to any effects of speech that may be injected
via the controlling operator’s instrument during the
inter-digital pauses. Thus, the voice-immunity perfor-
mance of the v.f. receiver should be such that false
operations of 20 ms occur very infrequently.

V.F. RECEIVER AND BUFFER AMPLIFIER

The v.f. receiver of a v.f. inband signalling system has
to perform two main functions, the requirements of
which are mutually opposed. It should convert the
signalling pulse, which is of a frequency within the
speech band, to a d.c. pulse without distortion, and it
should not operate to speech currents. The practical
design is always a compromise between these two con-
flicting requirements; the limits of pulse distortion and
voice operation that can be tolerated are determined by
the associated signalling and switching equipment.

The buffer amplifier, as previously mentioned, is used
to guard the v.f. receiver from near-end interference.
In the S.S.A.C. No. 9 system the buffer amplifier is also
used to split the transmission path. Line splitting by
the buffer amplifier is performed quickly but without
causing noise in its output; this has been achieved by a
novel and simple method.’

Factors Governing Design

The five main factors which governed the design of the
receiver and buffer amplifier are indicated below butare
not listed in any order of importance.

(i) Size. The receiver and buffer amplifier together
occupy only eight relay spaces. This has been achieved
mainly by the use of transformers requiring only one
relay space each; the transformer assemblies are also used
to mount associated components.

(ii) Cost. The cost is substantially lower than earlier
v.f. receivers, due mainly to the use of a high-speed relay
instead of a polarized relay.

(iii) Performance. The receiver and buffer amplifier
meet the C.C.LLT.T. recommendations and the perform-
ance specification set for S.S.A.C. No. 9.

(iv) Ease of production. Attention was given, both in
design and the component specification, to the necessity
of being able to manufacture large quantities with their
performance maintained within the allowed limits.

(v) Ease of maintenance. Only one type of valve is
used in both the receiver and buffer amplifier. Should
a fault develop in a transformer or an associated com-
ponent the whole transformer unit will be changed, and
facilities are provided so that the receiver signal-
frequency resonant circuit can be re-tuned.

V.F. Receiver Design

Voice Immunity. The main design feature ensuring a
good voice-immunity performance is the use of a
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Ve—Voltage developed by guard-circuit element.
V—Voltage developed by signal-circuit element.
fs—Signalling frequency.

FIG. 5—~GUARD-CIRCUIT CHARACTERISTICS

“dipping’” guard characteristic which gives a considerable
improvement over receivers using an aperiodic guard
characteristic,* shown in Fig. 5 (e) and (b), respectively.
The new design departs from the ideal dipping guard
characteristic because, for considerations of cost and
space, only two valves are used, one in an amplifier-
limiter stage and one in the relay stage. With this arrange-
ment it was necessary to use a tuned-anode load in the
amplifier-limiter stage in order to obtain adequate
amplification of the guarding frequencies relative to the
signalling frequency. The resulting guard characteristic
is shown in Fig. 6; the guard characteristic shown in
Fig. 5 (a) has been reproduced in Fig. 6 to show the
relative response of the two characteristics.

IDEAL Vg
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Vg—Voltage developed by guard-circuit element.
Vgs—Voltage developed by signal-circuit element.
fs—Signalling frequency.

FIG. 6-—S.S.A.C. No. 9 GUARD-CIRCUIT CHARACTERISTIC

Voice immunity® is considerably improved by the use
of the higher signalling frequency of 2,280 c/s compared
with systems having signalling frequencies such as the
600 and 750 c/s used with S.S.A.C. No. 1.

Voice immunity is also related to the operating band-
width of the receiver: the narrower the bandwidth the
better the immunity performance. The limiting factor is
the bandwidth necessary to meet the pulsing limits, and
the bandwidth chosen for any particular design of receiver
is always a compromise between these two conflicting
requirements.

The relative rise and decay time-constants of the signal
and guard circuits have a bearing on the number of short
operations recorded by a receiver. The design is such
that the rise time of the guard circuit is less than that of the
signal circuit but the decay time is greater, thus ensuring
that the receiver does not operate at the beginning and
end of each speech current which contains signalling as
well as guarding frequencies.

Pulsing. The length of a pulse applied to the control
grid of the valve in the relay stage is shorter than the v.f.
signal applied at the receiver input. This reduction in
pulse length is due mainly to the action of the signal and
guard circuit voltage-doubler circuits which, for purposes
of good voice immunity as explained previously, have
differing charge and discharge time constants. For
distortionless pulsing the operated time of the relay must
be increased in order to give an output pulse equal to the
input pulse.
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2. Resistor R17 is required for routine test purposes.

FIG. 7—S.S.A.C. No. 9 V.F. RECEIVER

The specified pulsing performance must be maintained
under simultaneous adverse conditions of supply voltages,
relay adjustment, input-signal level, and signal-frequency
deviation. This requirement constitutes a difficult
design problem which is partially solved by employing
signal limiting over practically the whole of the input-
level range. Thus, all rectifiers, capacitors, and the relay
stage operate under almost constant conditions for
varying input levels. A design having the relay operated
in the “no-tone’” condition offers minor advantages but
was not used as receiver failure would cause seizure of
the incoming selector.

Circuit Details and Operation of V.F. Receiver

The complete circuit of the v.f. receiver is shown in
Fig. 7 and the various circuit elements into which it can
be split are described below.

Amplifier-Limiter. Signals from line are fed via input
transformer T1 to the control grid of pentode valve V1
(CV 138). The potential of the screen grid is made
independent of the valve characteristics in order to
stabilize the stage gain. Valve VI operates with a short
grid base, and input signals exceeding this grid base are
amplitude limited on the negative half-cycles. Limiting
also occurs on the positive half-cycles due to the
1-megohm resistor, R8, in the grid circuit.

These two features ensure that the peak-to-peak anode
swing of valve VI is substantially independent of the
signalling level over the working range of 4 3 dbm to
— 15 dbm. Resistor R9 provides the bias to the limiting
stage and its value was chosen to give symmetrical
limiting of the input waveform; as R9 is not decoupled it
helps to stabilize the operating point of the valve. The
anode circuit of valve V1 consists of a transformer, the
primary of which is tuned approximately to 1,400 c/s; the
anode load is tuned in order to obtain sufficient pre-
emphasis of the guarding frequencies relative to the
signalling frequency (see Fig. 6).
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Frequency-Selective Bridge. The voltage developed in
the anode circuit of valve VI is fed via the anode trans-
former T2 to the frequency-selective bridge circuit,
consisting of the centre-tapped secondary winding of
transformer T2, the signal-tuned transformer T3, and a
balance resistor R10. The secondary windings of trans-
former T2 form two arms of the bridge, the balance
resistor R10 and the parallel-tuned circuit (transformer
T3 and capacitor C3) forming the other two.

When only the signalling frequency is received the
tuned circuit is at resonance and has a parallel effective
resistance of approximately 32,000 ohms. The bridge is
then nearest to its balance point and the potential differ-
ence across points X and Y is a minimum, and the signal
voltage developed across transformer T3 is a maximum.
Complete balance of the tuned circuit at resonance by
means of resistor R10 is not attempted as it is necessary
to develop some guard output when a signal is being
received so that the operating bandwidth of the receiver
may be controlled, as indicated in Fig. 8.

At frequencies other than the signal frequency the
tuned circuit is of low impedance and the bridge is
unbalanced. Therefore, virtually no signal voltage is
developed across transformer T3 and a higher potential
is now developed across points X and Y; the maximum

VOLTAGE

FREQUENCY-

OPERATING BANDWIDTH OF RECEIVER.

Vg—Voltage developed by guard-circuit element,
Vi —Voltage developed by signal-circuit element.
fs—Signalling frequency.

FIG. 8—CONTROL OF RECEIVER OPERATING BANDWIDTH



potential is developed across points X and Y at approxi-
mately 1,400 c/s, the frequency to which the anode load
of valve V1 is broadly tuned.

The value of resistor R11 is chosen during manufacture
so that the parallel effective resistance of the resonant
circuit, with its associated voltage-doubler circuit and
load connected, is equal to 32,000 -4 1,000 ohms when
measured at 6 volts r.m.s. This adjustment ensures a
controlled signal-to-guard ratio from the frequency-
selective bridge, which in turn ensures good pulsing and
voice immunity. A typical value for resistor R11 is
80 ohms. Capacitors C11 and C12 are small capacitors
used to finely tune the signal-frequency resonant circuit
when the receiver is completely assembled or whenever
a transformer unit is changed for maintenance reasons.

Voltage-Doubler Circuits. The guard and signal
voltages from the bridge circuit feed two separate voltage-
doubler networks. The load resistors, R12 and R13, of
these networks are connected in series and to the grid
of the relay-operating valve V2. As shown in Fig. 9, the
polarity of the voltage outputs is such that the grid is
driven positive (curve (¢)) when the rectified signal voltage
(curve (¢)) exceeds the sum of the rectified guard voltage
(curve (b)) plus the standing bias voltage.

(a) 2,280 c/s signal input (not to
scale)

[\

d) Gnid-cathode voltage of V2 in GI [ \

Fig. 7 (volts) or\/ \//
-1

1

0 10 20 30 40 50 60[ 70 80 90 100 10
[-— s4ms PULSE 46ms INTERVAL|

FIG. 9—WAVEFORMS IN THE V.F. RECEIVER ON RECEIPT OF A PULSE
SIGNAL

(b) Guard voltage across R13 in
Fig. 7 (volts) ~10|

20
20

(¢) Signal voltage across R12 in +|(
Fig. 7 (volts)

(e) V2 anode current through 3
relay RS in Fig. 7 (mA)

(f) Relay RS operated

Relay RS released

As mentioned previously, the rise time of the guard
circuit is designed to be less than that of the signal
circuit but the delay time is designed to be greater to
improve voice immunity. This is demonstrated by
curves (b) and (¢). The choice of the time constants,
particularly the discharge time of the guard circuit, is
also influenced by the need for a fast guard-circuit
recovery after energization by noise currents.

Relay Stage. The reduction in duration of a pulse at
the grid of valve V2 compared with the input v.f. signal
can be seen by comparing curves (a) and (d) of Fig. 9.
This reduction will be constant only if the voltage
applied to the voltage-doubler networks is constant, and
this is achieved as a result of the action of the amplifier-
limiter. The pulse distortion is therefore practically
constant with changes of level and frequency of a signal
at the receiver input, within the specified limits, and may

thus be corrected in the relay-operating stage by lengthen-
ing the operated period of the relay by a constant
amount; this is illustrated by curves (e) and (f) of Fig. 9.

The pulse-correcting circuit is illustrated by the curves
shown in Fig. 10. The waveform of current through a

TIME —=
(b) With Pulse Correction

a) Without Pulse Correction

I,—Current to operate relay.
Iz—Current to release relay.

FIG. 10--PULSE CORRECTION IN V.F. RECEIVER

relay coil without a correcting circuit is shown in Fig.
10 (a). The time intervals ¢ and fz represent the relay
operating and releasing lags, respectively. When no v.f.
signal is being received no anode current flows in valve
V2, and capacitors C9 and CI10 (Fig. 7) are charged to
the supply voltage. When a signal is received the anode
current of valve V2 increases from zero, the potential of
the anode falls and capacitor C9 partially discharges via
the relay coil and valve. The resulting current waveform
is shown in Fig. 10 (b) and it is seen that the relay
operating lag is reduced from # to #,’. Capacitor C10
also partially discharges but the resulting current passes
via the valve only and not the relay coil.

When the v.f. signal ceases the anode current falls, the
potential of the anode of valve V2 rises and capacitor C10
charges to the supply voltage. The resulting charging
current flows via the relay and increases the release time.
The current waveform through the relay is shown in
Fig. 10 (b) and it is seen that the relay releasing lag is
increased from #z to #z’. Capacitor C9 also charges to the
supply voltage but the resulting current flows via resistor
R16 only and not the relay coil.

Resistor R16 limits the V2 anode current when a v.f.
signal is received and the valve bottoms with an anode
current of approximately 3-0 mA ; this limiting action is
an additional factor in producing a square waveform
through the relay. Resistor R16 also reduces the L/R
ratio of the anode load and thus ensures a fast rise time
of the V2 anode current. The potential divider, R14 and
R15, provides a standing bias to valve V2 of approxi-
mately — 3 volts. Resistor R18 limits the screen-grid
current of valve V2 when anode current flows.

Circuit Details and Operation of Buffer Amplifier

As mentioned previously, v.f. signalling requires the
receiver to be protected against near-end interference.
The buffer-amplifier arrangement adopted for the
S.S.A.C. No. 9 system gives an attenuation of the order of
60 db to near-end interference but, as the buffer-
amplifier is connected i1 the speech transmission path,
gives substantially zero loss to the speech. The buffer
amplifier is also used to provide the line splitting which is
necessary to limit the period of spillover of v.f. signals.
The circuit of the buffer amplifier is shown in Fig. 11.

Circuit Details. The buffer amplifier uses a single
pentode valve (CV 138) the gain of which is stabilized by
series-connected voltage and current negative.feedback.
The voltage negative feedback is derived from a tertiary
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winding on the output transformer, whilst current
feedback is derived from the bias resistor, R4, together
with the resistance of the tertiary winding. The overall
feedback of the buffer amplifier is such that the voltage
gain between the primary winding of the input trans-
former (T1 of Fig. 7) and the secondary winding of the
output transformer is unity. The overall amplification,
therefore, is 0 db as both the input and output imped-
ances are nominally 600 ohms.

The input transformer terminates the receiver trans-
mission path and is common to both the buffer amplifier
and the v.f. receiver. The resistor chain R1-R6 of Fig. 7,
of a total value of 60,840 ohms -+ 1 per cent, terminates
the input transformer and provides for gain adjustment;
resistors R2-R5 (Fig. 7) give an adjustment of nominally
4 db steps over a range of + 1 db. The impedance as
seen from the line via the 1 : 10 voltage step-up trans-
former is therefore approximately 600 ohms, which
together with the resistance of the primary winding gives
a total of approximately 630 ohms. This value is
modified by the shunt loss of the transformer core and
also when grid current flows in valve V1 of the receiver
(Fig. 7) and in the buffer-amplifier valve, giving a nominal
value of 600 ohms.

The responses of the input transformer at the extremes
of the pass band, i.e. 300 and 3,400 c/s, are related to the
open-circuit and short-circuit performances, respectively,
of the transformer. The transformer design is such that
the loss throughout the amplifier pass band will not
exceed the mid-band loss by more than 0-2 db.

Resistor R1 (Fig. 11) reduces the shunting effect on
the input impedance of the grid—cathode impedance at
high-level signals. Capacitor C2 together with the
output-transformer leakage inductance and leakage
capacitance forms a simple low-pass filter which limits
the frequency response above the required pass band,
particularly in the region of the self-resonant frequency
of the output transformer. The capacitor does affect the
output return loss at the higher frequencies but has little
effect over the pass band. Resistor R3 and capacitor C1
provide decoupling for the anode h.t. supply.

Operation of Line-Splitting Circuit. When the line-
splitting contact in the associated relay-set is operated a
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circuit is completed via resistors R2 and R4 and the
tertiary winding of the output-transformer to — 50 volts.
The cathode of the buffer-amplifier valve is then at a
potential of approximately 27 volts negative with respect
to earth, giving a cut-off bias relative to the grid, which
is connected to — 50 volts, of approximately 23 volts;
the valve is switched off.

Due to the very rapid fall in anode current the energy
stored in the anode winding of the output transformer
produces a surge which could cause noise in the output
winding. However, this surge is neutralized by arranging
for an equal and opposite surge to be produced in the
output transformer by making the ampere-turns of the
tertiary feedback winding equal to those of the anode
winding. During the period in which the splitting action
occurs the net change in flux in the output-transformer
core is small and the resulting transient at the amplifier
output is negligible.

Power Consumption for Receiver and Buffer Amplifier

The receiver input stage and the buffer amplifier are
operated between -~ 140 volts and the exchange — 50
volts, giving a total h.t. of 190 volts. It is only possible,
however, to operate the receiver relay stage between
-+ 140 volts and earth potential as it is necessary to
derive a standing cut-off bias for the valve from the
— 50-volt exchange battery. The 6:3 volt a.c. heater
supply is obtained from the mains power panel. The
approximate power consumption for the receiver and
buffer amplifier is 6-5-8-5 watts.

CONCLUSIONS

The 4-wire connected 1 v.f. signalling system des-
cribed above is of compact design and shows considerable
economies over the earlier 2 v.f. system. Some routes
equipped with S.S.A.C. No. 9 equipment are already in
service and are operating successfully. However, since
the initial development was completed, the v.f. receiver
and buffer amplifier have been redesigned usingtransistors
instead of valves so that they will operate from a nominal
50 volt supply obtained from exchange batteries. This
later version of the S.S.A.C. No. 9 equipment with
transistor-type receivers and buffer-amplifiers will be
available for new installations in the near future.
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Institution of Post Office Electrical Engineers

Retired Members

The following members, who retired during 1961, have
retained their membership of the Institution under Rule
11 (a):

W. F. Bevis, 38 Village Way, Rayners Lane, Pinner,

Middlesex.
J. H. Watson, 26 Westwood Avenue, Timperley,
Altrincham, Cheshire.
A. N. McKie, 81 Suffolk Road, North Harrow, Middlesex.
A. E. W. Maslin, 13 Greenwood Avenue, Cosham,
Portsmouth, Hampshire.
F. H. Horner, 502 Bexhill Road, St. Leonards-on-Sea,
Sussex.
J. Lawton, 6 Corona Avenue, Oldham, Lancashire.
F. H. Proctor, “Bishops Garth,” Sea Road, Fairlight
Cove, Hastings, Sussex.
S. WELCH,
General Secretary.

Additions to the Library

Library requisition forms are available from Honorary
Local Secretaries, from Associate Section Centre Secretaries
and representatives, and from the Librarian, 1.P.O.E.E,,
G.P.O., 2-12 Gresham Street, London, E.C.2.

2657 Automobile Transmission Servicing and Overhaul.
S. Abbey (Brit. 1961).

Includes conventional and automatic transmissions,
two-pedal controls, clutches, gearboxes, propeller
shafts and rear axles. Emphasis is on work within the
scope of a practically minded owner or smaller garage.

2658 Modern Physics. M. S. Smith (Brit. 1960).

Requires a good knowledge of physics (including
wave theory) and some knowledge of elementary
chemistry, plus a willingness to think about the
logical and philosophical bases of the subject.

2659 Principles of Semiconductors. M. G. Scroggie (Brit.
1961).

An introduction to the properties and applications
of semiconducting materials.

2660 Mathematics in Your World. K. Menninger (German
1958).
An informal book on the nature of mathematics

and mathematical thought.
2661 The Earth, the Planets and the Stars. K. E. Edgeworth
(Brit. 1961).

Deals with the structure and past history of the
Earth and the solar system, and with the past history
and distribution of the stars.

2662 The Scientific American Book of Projects for the
Amateur Scientist. C. L. Stong (Amer. 1960).

Experiments, constructions, challenges and diver-
sion in various fields, selected from Mr. Stong’s
clearing house of amateur activities appearing monthly
in Scientific American.

2663 Founders of British Science. J. S. Crowther (Brit.
1960).

Looks at the life, social background and work of
six great founders of British Science: Wilkins, Boyle,
Ray, Wren, Hooke and Newton.

2664 Radio & Television Servicing (1960-61 Models). J. P.
Hawke and J. Reddihough (Editors) (Brit. 1960).

Contains the servicing data for the 1960-61 models
and covers tape recorders.

2665 Introduction to Transients. D. K. McCleery (Brit.
1961).

An attempt at a simpler approach to the study of
transient phenomena using the Heaviside operational
calculus.

2666 The Art of Administration. A. L. Banks and J. A.
Hislop (Brit. 1961).

Intended for the professional man coming into
contact with administrative machinery for the first
time.

2667 Colour Television. N.T.S.C. System, Principles and
Practice. P.S. Carnt and G. B. Townsend (Brit. 1961).

Provides a comprehensive account of the American
N.T.S.C. colour-television system, and the British and
Continental versions, from the point of view of the
colour-receiver engineer.

2668 Hot Water Supply: Design and Practice. J. J. Barton
(Brit. 1961).

A comprehensive treatise, explaining the details in a

practical way without unnecessary theory.

W. D. FLORENCE,
Librarian.

Book Review

“Television Receiver Servicing—Vol. 1. Time-Base
Circuits.” Second Edition. E. A. W. Spreadbury,
M.Brit.I.R.E. Iliffe Books, Ltd. viii + 362 pp. 214 ill.
25s.

This is the second edition of a book first published in 1954
and reviewed in the July 1954 issue of this Journal. Since
then the second-program television service has become
firmly established on an almost nationwide basis and the
number of television licences issued in the United Kingdom
has more than doubled to reach the present staggering total
of over eleven million. The shape, size, and performance of
television receivers have undergone some very noticeable
changes during this period and it might be expected that
considerable changes in the circuit design would also have
taken place. However, in so far as the time-base section of
the receiver is concerned, a comparison of this book with
its earlier counterpart does not show many very significant
changes. It may be, of course, that more far-reaching
developments will be found when the second volume,
dealing with the receiver proper, is brought up to date.

The most notable development that has taken place is
undoubtedly the introduction of the wide-angle (110°)
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cathode-ray tube, which has enabled the back-to-front
dimension of the domestic television receiver to be reduced
in a spectacular manner. This has entailed a number of
modifications in the design of time bases and these are fully
dealt with. Other notable features are the trend towards
electrostatic focusing and the more widespread use of
flywheel synchronizing. A number of new circuits for
achieving the latter are now described.

Apart from the sections dealing with these developments
the book is almost identical with the earlier edition. As
before, the first chapter is entitled “Symptom: Blank
Screen’” and goes on to analyse the faults that may give rise
to this symptom. Once something is visible on the screen
this will in itself assist in the tracing of any other faults in
the receiver. The time bases, tube supply, and ancillary
circuits are all described in detail with many practical
circuit diagrams taken from normal domestic receivers. The
book is intended primarily for the professional service
engineer but it will also be found extremely valuable by the
amateur. The latter, in particular, should take note of the
%ection on safety that has now been added at the end of the

ook.
LP.O.E.E. Library No. 2211. T. K.






carried out with conventional brushes, dusters, etc. These
methods are not entirely satisfactory, because it is difficult
to prevent dust disturbance which results in the dust being
re-deposited on other surfaces.

A field trial of a proprietary dust-control system is being
carried out at Newcastle Central Exchange; the basis of the
system being a cloth impregnated with an oil which
holds dust and dirt on contact. The level of impregnation
is closely controlled by the supplier so that no streaky
residue is left behind after the cloths have been used. The
cloths are available in cover form to shroud sweeping tools
and also in the form of dusters. Both materials and tools
are hired on a fortnighly basis from the firm supplying the
service. The trial, which is an extension of an Engineering
Department field trial, has been in progress in this Region
for some three months, and, although full evaluation cannot
be made yet, the results so far are most promising.

T.W.

London Telecommunications Region
A YEAR OF ACTIVITY IN LONG-DISTANCE AREA

The year 1961 was one of outstanding activity in the
Long-Distance Area. The final and most important event
occurred on 19 December 1961 when the new CANTAT
communication link between London and Montreal was
opened. This new link will be used to add to the communi-
cation circuits across the Atlantic and it also forms the first
part of the Commonwealth telephone cable system.

During the first half of the year a large number of contract
and direct labour works were in progress preparing for the
program of events which were scheduled for the second half
of the year. A briefnote of eachitem is given in chronological
order.

1 July. The first centralized register-translator unit
affording subscriber trunk-dialling (S.T.D.) facilities for
London subscribers was opened in the Citadel Building. At
the end of the year there were 15 exchanges connected to
the unit using over 2,000 junctions and 600 trunk circuits.
Another 400 trunk circuits have also been provided for
routing calls via other Long-Distance Area trunk automatic-
exchange units.

26 July. A new 4-wire switching unit was brought into
service for switching incoming continental circuits to inland
trunk circuits on a 4-wire basis, thus giving improved
transmission. This unit opened with 300 circuits incoming
from the Continent and about 150 inland trunk circuits.

4 August. A new suite of test-control positions had been
constructed by direct labour in the Faraday North Block,
and, with the new repeater equipment which had been
installed under contract, the new International Maintenance
Control (Atlantic) and the new International Repeater
Station were formed. The international circuits associated
with the first transatlantic telephone (TAT-1) cable were
transferred from the Kingsway trunk-switching unit to the
new installation in the North Block of Faraday Building on
4 August. This transfer required the complete realignment
of the 15 h.f. groups between London and Oban and com-
prehensive end-to-end tests on individual circuits.

August and September. Throughout the year work had
been in progress rewiring the switchboards in the main
switchrooms on the second floor. When this work was com-
pleted, a number of rearrangements of switchroom use
were made during August and September.

The international circuits were then changed from the
Wood Street building to the main second-floor switchroom
at Faraday building on 13 November, and these changes
together with the other rearrangements made it necessary
to provide some 37,000 cross-connexions. Change-over
facilities had to be provided so that there was the minimum
interruption to service.

3 October. Over 100 4-wire circuits outgoing to the
Continent were brought into service with as many inland
trunk circuits. A considerable number of groups of conti-
nental circuits had to be rearranged in preparation for the
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opening of the outgoing service from this unit, and on the
Berne, Switzerland, route in particular the rearrangements
had to be planned into 28 separate operations so as to
maintain service while the work was being completed.

19 December. On this day the new CANTAT link was
brought into service following an inaugural call by Her
Majesty the Queen. For the opening ceremony special
circuits had to be provided to Lancaster House, London,
where the guests were assembled. Program-type circuits
for relaying music, demonstration circuits, press circuits and
picture circuits were all provided.

Immediately the inaugural ceremony was completed these
special circuits had to be disconnected and the various
channels of the CANTAT system were tested and brought
into service., The circuits were 17 London-Montreal
traffic circuits, 10 Montreal-Continental circuits and three
telegraph main circuits.

When this was completed the overall line-up and testing
was carried out on the two groups (24 circuits) extended from
Montreal to New York to form an additional London-
New York link. These circuits were 10 London—-New York
traffic circuits, 13 New York-Continental circuits and five
telegraph main circuits.

B.H.M.

OPENING OF NORTHWOOD AUTOMATIC
TELEPHONE EXCHANGE

At 1.30 p.m. on Wednesday, 8 November 1961, 4,198
subscribers were transferred from the old CB No. 1 exchange
to a new non-director exchange at Northwood. The equip-
ment was installed by Standard Telephones and Cables, Ltd.,
who installed the original manual exchange in 1932.

The new exchange uses 4,000-type equipment, with 50-
point line-finders and uniselector calling equipment, The
power unit is a Power Plant 210 J with a battery capacity of
800 amp-hours.

Solderless wrapped terminations* are incorporated on all
frames and racks as an alternative to soldered connexions.
The tags for such connexions are solder-coated and notch-
less. A special tool is used to strip the ends of the wire for a
pre-determined length and each end is then wrapped
around the tag with a special tool. The wrapping tool or
gun consists of a 110-volt power drill, the chuck of which
grips a slim hollow barrel 1% in. in length. A further hole
off-set from the centre within the hollow barrel receives the
bare wire. With the wire correctly placed in the hollow
barrel, the gun is applied to the tag and switched on. This
causes the wire to be evenly wrapped round the tag six
times without relaxation of the tension.

To ensure that all wrapped terminations are uniform and
conform to specification each wrapping tool or gun is
tested daily before use; each test termination should resist a
“pull-off” force of 6% 1b and the median value from a series
of five tests must be less than 9 1b. Should this test fail the
tool is withdrawn from service.

A.EA.

ENGINEERING TRAINING

The increased recruitment of Youths-in-Training and
adults which has taken place in the last year or two has
necessitated an unprecedented expansion of engineering
training facilities in the Regional Training School in the
London Telecommunications Region. In addition, the
introduction of new techniques and equipment such as the
gas pressurization of cables, the new coin-collecting box for
subscriber trunk dialling (S.T.D.), the cordless switchboard
P.M.B.X. 2/2A, and S.T.D. metering facilities for P.M.B.X.s
have also increased the need for training. Other urgent
training arrangements, now in the planning stage, will pro-
vide for the new preliminary and general automatic systems
courses, which are being devolved from the Central Engineer-
ing Training School, for the new wiremens’ course for power

* Hix, K. W. Solderless Wrapped Joints in Telephore Ex-
changes. P.O.E.E.J., Vol. 54, p. 204, Oct. 1961.




staff and for a workshop course for Youths-in-Training
engaged on power work.

The recent increase in the Regional training estimates is
shown by the following figures, which also show the approxi-
mate numbers of students and the ‘‘student-weeks” for the
years 1960-61, 1961-62 and 1962-63.

telecommunications are conducted for all Regions in the
country.

The following table shows the amount of training arranged
for Regional students attending courses at the Central
Training School, Stone. The increase is due to new S.T.D.
courses, the replacement of the basic automatic telephony
course by two courses, the need for increased numbers of

1960-61 1961-62 1962-63 external-planning staff and the introduction of new types
0 (Estimated) | (Estimated) of line connector.
Students 3,960 7,050 7,150 Year '1958—59[1959—60'1960—61'1961—62 1962-63
Student weeks 12,025 23,200 23,500 Number of
_ — : students 1,049 | 1,412 | 1,408 | 1,600 | 1,600
Existing engineering training accommodation in five courses g (Esti- (Esti-
separate establishments in the Region is in full use and mated) | mated)

additional requirements are being met by the use of accom-
modation in new or existing buildings, which is not at
present required for its planned purpose, the acquisition of
a new building and the temporary use of space provided by
Telephone Managers.

The greater part of the first floor and part of the second
floor of Fleet Building in Farringdon Street have been
equipped as an engineering training school for external,
internal and Youths-in-Training courses and it is now in
operation with five simultaneous courses. All lecture and
practical-work rooms are acoustically-treated and air-
conditioned. In addition, the use of other premises is being
negotiated for training courses on automatic telephony and
power duties for Youths-in-Training from all Regions.
Telephone Managers have provided accommodation in
different parts of the Region for six Regional Engineering
Training School preliminary courses on fitting and jointing.

The maximum number of simultaneous courses in opera-
tion is now 28 of which about 12 are Youths-in-Training
(A and B) courses. A number of courses on power and

A further commitment is the amount of training now
required for supervising officers, both departmental and
non-departmental. The figures for the Region during 1961
are as follows:

Student apprentices .. .. .. 3
Sandwich course students .. .. 8
University vacation students .. .. 8
Limited competition Assistant Engineers 12
Contractors’ student apprentices o1
Overseas students . . .. .. .. 4

Total 42

Theincreased recruitment of Youths-in-Training, advances
in technique, the possible further devolution of courses from
the Central Training School, Stone, the need for more
management courses and the general expansion of the
telephone and telegraph system will, it is expected, result in
still greater demands for training from 1962 onwards.

E.M.G-R.

Associate Section Notes

Guildford Centre

On 31 August 1961 ten members paid an evening visit to
the Daily Mirror offices, where the production of the
following day’s newspaper was seen. A copy of this was
given to each member on leaving the building.

Our program for this session has been:

10 September: Mr. C. A. May, Telephone Electronic
Exchange Systems Development Branch, gave an illus-
trated talk entitled “Introduction to Electronic Telephone
Exchanges.”” This was followed by a lively question time.

25 October: 20 members had an interesting half-day visit to
Pirelli-General Cable Works, Ltd., at Southampton.

24 November: A very enjoyable show was organized by one
of our members, Mr. M. Spice.

20 December: A whole day visit was paid by 30 members to
Vauxhall Motors, at Luton.

22 January: A talk “S.T.D. as it affects the Non-Director
Exchange” was given by Mr. B. B. Gould of the Telephone
Exchange Systems and Developments Branch, Engineer-
ing Department.

20 February: A talk and short film on *‘Advanced Driving”
was given by a member of the Surrey County Con-
stabulary.

30 February: A film show was given in the Prince of Wales,
Guildford.

The Centre would like to thank Mr. H. W. Harrison, the
Regional Liaison Officer, who retired in February, for his
help and advice, and also to wish him well in his retirement.

JET.W.

Bournemouth Centre

We are pleased to report that the Bournemouth Centre
has been reopened successfully, and well attended visits have
been made to the following places:

24 May: Pirelli-General Cable Works, Ltd.

5 July: Poole Power Station.

19 August: Hurn Airport.

21 October: Lecture and tour of the United Kingdom

Atomic Energy Authority station at Winfrith.

The annual general meeting was held on 22 November
and the officers and committee were elected. The meeting
was followed by a most interesting lecture given by Mr. F.
Guscott entitled “Subscriber Trunk Dialling.”

The officers are at present arranging a most interesting
program for the months ahead. At present we have 50
members and we hope for full support from all our colleagues
to ensure our continued success in the future.

P.M.K.

Bath Centre

Meetings have been held monthly during the Autumn
session. The lectures have been well attended and received.

In October, Mr. E. S. Woods, M.B.E., gave a double-
feature program dealing with both his work and hobby.
Mr. Woods, who is a Senior Communications Engineer
with the Lines Branch of the B.B.C., talked freely on
the problems that beset a lines engineer, and some of
the solutions that he has used during 33 years of outside-
broadcast duties. Such is his distinction in this field, that
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he was awarded the M.B.E. for his services to broadcasting
in 1958. Mr. Woods was also persuaded to talk on his
hobby, bee-keeping, and, in particular, the adaption of
electronic techniques in studying the habits and behaviour
of the creatures. Much of his research in this respect has
been original, and has won him innumerable fellowships of
Institutes and Universities throughout the world. Such was
the mutual interest of speaker and audience, that his
excellent lecture lasted until 10.30 p.m.

Mr. P. Morgan visited the centre in November and spoke
of his job as Main Works Controller in the Bristol Area,
under the title “Life Cycle of an External Estimate.” The
lecture was illustrated with film and slides of local projects
and of the control procedure.

The Chairman of the Centre was invited to attend the
December meeting of the Senior Section, at Bristol
University, to witness the presentation of awards gained by
two Bath members in the national competiton for a written
paper. Mr. C. E. Moffat (Chief Regional Engineer), con-
gratulated Mr. C. W. Read upon the prize gained by his
paper on “Transistors,” and also his recent promotion to
the regional planning office.

A prize and Institution Certificate were awarded to
Mr. D. G. Rossiter for his paper entitled “The Atom and its
Energy.” The C.R.E. congratulated Bath on receiving their
fourth certificate in 11 years; a record which he thought to
be excellent, and one which few provincial centres could
match.

A former centre member, Mr. R. M. Burt of the Bristol
Area Traffic office, was the December lecturer. He presented
a splendid account of the functions and responsibilities of
the Traffic Department under the title ‘““Traffic Work. What
the Deuce is That?” His treatment of the subject was as
lively as his provocative choice of title; members enjoyed
his vigorous and stimulating approach. Question time
produced some challenging retorts which were answered
with great skill, enthusiasm and confidence by Mr. Burt.
His lecture did much to give members an appreciation of
the extent of his varied duties.

D.G.R.

Bletchley Centre

We are pleased to announce that we now have 82 mem-
bers. Despite this, however, the attendance at the meeting
in December was poor and many members missed a good
illustrated talk on “The Television Network” given by Mr.
W. L. Newman.

In November, although our meeting had to be cancelled
at short notice, members had the opportunity of a visit to
A.C. Delco Division of General Motors, and being the guests
of the Foremans® Association for the evening.

The committee has been busy organizing a trip to Holland
for the Bletchley Centre members, to see our Dutch col-
leagues at work and meet them socially. This will be by
invitation of the Director-in-Chief of the Netherlands Postal
and Telecommunications service and will be from
5-8 April 1962.

A technical reference library is being set up in the Centre,
the committee having approved Mr. J. S. Salmon as the
Hon. Librarian. So far over 60 books, pamphlets and
catalogues for reference and of general interest have been
obtained from a large number of firms and organizations.

Members may be interested to note that the Centre has
been registered under the Mullard educational scheme and
we can obtain much assistance for those who may wish to
further their personal studies and hobbies in the electronics,
radio and television fields.

The draft rules of the Centre were finally amended and
approved in October and all members should now be in
possession of a copy.

The committee feel satisfied and encouraged by the
interest shown by the membership in the few activities which
have been organized in the brief period since the Centre was
started last June.

A.J.H.
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Middlesbrough Centre

The Middlesbrough Centre’s 1961 program started on
13 September 1961 with a talk entitled “The Electrical
Engineer at Sea” by Commander J. C. Turnbull of I.C.I.
The Commander described the layout of the electrical
system of a ship and the maintenance problems at sea,
punctuating his talk with his many experiences whilst on
active service.

Local interest was the theme for the November meeting
when Mr. P. Barton gave his talk “Tees Journey.”> Although
the journey was described by a stranger to the area he
nevertheless showed himself to be an authority on the
subject. Mr. Barton showed us how the river, its life, and
industry had changed throughout the last 100 years and to
illustrate the talk he used some 40-50 slides, which included
reproductions of old prints and documents, all of which he
had prepared himself. An appreciative audience of nearly
30 members attended.

“American Visit” was the title of the December meeting
given by Mr. J. S. Gill, Efficiency Engineer, Middlesbrough
This was a filmed record of an American holiday spent by
Mr. Gill and his wife last year. The film taken by Mr. Gill
showed many beauty spots and a commentary was given by
the photographer. Some 25 members and wives attended
and all agreed that it was a most entertaining evening.

A week later, 12 December, 15 members paid an evening
visit to Messrs. Dorman Long Steel Works and the party
were shown around one of the most modern steel plants in
the country; the beam mill, for example, is some three-
quarters of a mile in length. The whole process from the
moulding of the ingots to the rolling of the beams was seen.

Leeds Centre

December brought once again the festive season and this
year our annual dinner and dance was held at the Guildford
Hotel, Leeds, where 133 people sat down to dinner, followed
by a dance. An enjoyable evening was had by all. We are
pleased to have with us Mr. E. Hopkinson, Area Engineer,
Leeds and Mrs. Hopkinson, and Mr. A. K. Robinson,
Regional Liaison Officer.

On 3 January, 25 of our members visited Tetley’s brewery.

An evening visit was also made during January to the
Yorkshire Copper Works, and in February Mr. M. C.
Metcalfe gave a lecture on “Space flight.”

E.B.B.

Dundee Centre

Our opening meeting of this session, a Saturday visit to
Kirk-o’-Shotts, was very successful; 42 members and
friends were shown over the Post Office, B.B.C. and I.T.A.
television stations.

Due to most inclement weather our visit to the Royal
Observer Corps, Craigiebarns, had to be cancelled, but we
managed a most interesting visit to the North British Relay
Station in October. Also in October we had a show of
films, supplied by Mullard, Ltd., in the new telephone
exchange Perth.

On 7 November, Mr. D. Wilson, one of our Assistant
Engineers who had been on an exchange visit to Holland,
gave a very interesting talk on “Dutch Telecommunica-
tions.”

On 23 November, Mr. H. E. James of J. Keillor & Sons
spoke on “Time and Motion Study.” This was an excellent
talk which was thoroughly enjoyed.

The last meeting of the year was of a lighter nature when
Mr. C. Robertson of Newport-on-Tay gave an illustrated
talk on “Continental Camping.”

A visit was made to the Radiology Department of the
Dundee Royal Infirmary in February.

Mr. K. F. Jalland, our Area Engineer, spoke on “Trunk
Circuits over Microwave Links™ at the meeting on 13
March. Of additional interest at this meeting was the
presentation by Mr. R. J. Hines, Chief Regional Engineer, to
Mr. J. S. R. Lawson of the Institution Certificate for his



paper “Microwaves for the Layman” and the Silver Medal
of the City and Guilds for the Radio C examination results.

Aberdeen Centre

The 1961-62 session commenced with a talk on “The
Water Supply to Aberdeen” which was followed by a visit
to the filter beds and intakes on Deeside. Talks on the
following subjects were also given during the session:
“Microwaves for the Layman,” “The 10-Line Semi-
Electronic Exchange for Radio Systems 8/3,” *““The Slide-
Rule,” “The Conversion from Steam to Diesel Working on
British Railways,” and “The Television Network Switching
Centre.”

Visits have been tentatively arranged for the remainder of
the session.

J.B.L.

Cornwall Centre

The Winter program began in October with a lecture by
Mr. Hubber, Area Engineer of the South-Western Electricity
Board, who read a paper on “Power Distribution in Corn-
wall.”

In November Mr. Taylor of Dollis Hill Research Station
read a paper on “The use of Microwave Aerials as applied to
Satellite Communications.” Mr. Taylor also brought along
some excellent coloured slides of various microwave
aerials in operation in the United States and included in his
paper the part that the station at Goonhilly Downs in
Cornwall will play when the first communication satellite is
launched.

A film show on “Cornish Steam Engines” was arranged
for December and we are grateful to Mr. S. T. Stevens for
projecting these films for us and also including in the
program a colour film which he had previously taken of
“Cornish Industries.”

In January Mr. Procter, O.B.E., C.R.E., London Tele-
communications Region, made his annual visit to the
Cornwall Centre. His paper this year was entitled “Space
Communications.” In February Mr. Longman, Resident
Engineer of Hinkley Point Atomic Power Station, gave us a
paper on “The Peaceful Uses of Atomic Energy.” This was
followed in March by Mr. Warren, Director of the Marine
Biological Museum, Plymouth, who read a paper on
“Marine Life.”

The annual dinner and dance was also held in March.

A.R.B.

London Centre

At a presentation held in Fleet Building on Tuesday, 23
January, the City Area Telephone Manager, Mr. Markby,
presented Mr. G. E. Gorringe with a certificate and cheque
for seven guineas for his paper “The Electronic Digital
Computer,”” which had merited the award of first prize from
the Institution for the best paper submitted by the local
Centre Committees.

Now an Assistant Engineer in the Engineering Depart-
ment, Mr. Gorringe was at the time of writing the paper a
Technical Officer in City Area, London Telecommunications
Region.

The January talk “The Pressurization of Local Cables™
was given before an audience of 80 members by Mr. J. F.
Craggs, who described, with the aid of displays and working
models, present techniques and the latest developments in
the pressurization of the local cable network.

A visit took place in January to the Middlesex Hospital.
The party saw the X-ray film-processing unit, where
automatic machines are in use which develop, fix, wash and
dry the films in seven minutes. The specialized methods of
handling and storage of radioactive materials and certain
aspects of electro-medical treatment, including one of the
latest deep-therapy machines, which employs a cobalt
isotope, were seen.

The final talk of his career was given before an audience
of nearly 200 members by Mr. W. S. Procter, the Chief
Regional Engineer of the L.T.R., at the Assembly Hall,
Fleet Building on Thursday, 8 February. To use his own
words his talk “went off with a bang,” when he launched a
dummy satellite into the hall amid clouds of smoke. Mr.
Procter was giving a practical demonstration, showing how
satellites will be used to bounce radio signals across the
Atlantic, to illustrate his subject, ““Global Communications.”
He spoke about some of the technical considerations of such
a task, and mentioned, in particular, the satellite tracking
station which is nearing completion at Goonhilly Down,
Cornwall. An interesting historical parallel, he said, was
that 60 years ago Marconi made his first radio trans-
missions from Poldu, not far away. Although regular live-
television programmes from across the Atlantic will not
take place for several years, short news items may be
possible in the near future.

At the conclusion of his talk Mr. Procter accepted
honorary membership of the Associate Section, and was
presented with the London Centre tie and square.

E. S. G.

Book Review

“Differential Equations for Engineers and Scientists.”
C. G. Lambe, B.A., Ph.D., and C. J. Tranter, O.B.E,,
M.A., D.Sc. The English Universities Press, Ltd.
xi + 372 pp. 75ill. 30s.

Differential equations are among the more intangible
mathematical entities that require the attention of engineers
and scientists, and books on the subject intended for pure
mathematicians make difficult reading for the non-specialist.
They tend to concentrate on such matters as proving
existence theorems, investigating the completeness of solu-
tions, the convergence of series solutions, and all the other
topics that give the specialist his sleepless nights. When the
engineer or scientist has reached the stage of triumphantly
producing what he fondly believes is the right differential
equation to describe his problem he is in no need of existence
theorems—he would gamble his last pittance that his
equation has a solution—all he wants is to find it, by hook
or by crook.

For this large class of people the present volume will be

most welcome. The outlook is typified by the following
quotation from the introduction to the chapter on relaxation
methods: ““It is not proposed to discuss the more mathe-
matical aspects of the relaxation method. . . . It is sufficient
to say here that the method outlined in this chapter works
in practice and that its great power has been clearly demon-
strated by the many important engineering and physical
problems which have been recently solved by its use.”
What could be fairer than this?

The writers are obviously two very experienced teachers
of mathematics and the book is a pleasure to read. It
follows the traditional pattern of subject matter in the first
seven chapters (first order equations and then various
brands of linear equations), and then in the remaining four
chapters deals with, respectively, integral transforms,
graphical and numerical methods, the relaxation method,
and non-linear equations. The general level of treatment
corresponds to that required for an engineering or physics
degree. It is reasonably priced, clearly printed and can be
recommended to any student of the subject.

H. J. O.
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Staff Changes

Promotions
Name Region, etc. Date Name Region, etc. Date
Deputy Chief Scientific Officer to Deputy Director of Research Assistant Engineer (Open Competition)—continued
Metson, G. H. E.-in-C.O. .. .. 1.2.62 Kendall, J. P. .. E.-in-C.O. .. 22.8.61
Askew, A. R. C. E.-in-C.O. .. 22.8.61
Regional Engineer to Staff Engineer Knowles, D. .. E.-@n-C.O. .. 30.10.61
Boocock, R. O. H.C. Reg. to E~in-C.O. ..  14.2.62 Bailey, K. E. .. E.-in-C.O. .. 26.6.61
Senior Executive Engineer to Assistant Staff Engineer Assistant Engineer (Limited Competition)
Horsfield, B. R. E.-in-C.O. .. 9.11.61 Butler, H. K. .. Mid. Reg. .. 8.5.61
Davidson, C. F. E.-in-C.O. .. 23.11.61 Turner, A. S. .. Mid. Reg. 8.5.61
Ogilvy, A. W. Scot. .. 8.5.61
Area Engineer to Regional Engineer Pch}l:h?mj BI:IV. g g }}%eg EO {“’Vg geg- ggg}
ichols, J. H. eg. to W.B.C. 5.
Stevenson, H. C. Scot. to N.W. Reg. 4.12.61 Griffiths, D. H. W.BC. to ET.E. .. 8561
Efficiency Engineer to Regional Engineer g{gfgf'? k}m’ A J. I};I_llin-lée(g) e ggg}
Palmer, R. N. W.B.C. to Scot. 27.11.61 Rowsefl, G. N S.W. R'eg' o 8.5.61
Edwards, R. J. Mid. Reg. .. 8.5.61
Executive Engineer to Senior Executive Engineer Smith, T. M. .. N.E. Reg. to Mid. Reg 8.5.61
Forbes, E. D. .. E.-in-C.0. to Factories Hobster, B. D. N.W. Reg. to E.-in C.O. .. 8.5.61
Department A 31.10.61 Jolly, A. M. .. H.C. Reg. .. .. 8.5.61
Belk, J. L. .. L.T. Reg. to E.-in-C.O. 20.11.61 Crowther, G. H. N.E. Reg to N.W. Reg. . 8.5.61
Bearham, D. R. L.T. Reg. to E.-in-C.O. 11.12.61 Young, P. S. J. H.C. Reg. .. 8.5.61
Newell, E. .. E.-in-C.O. .. 11.12.61 Nicoll, T. R. .. L.T. Reg. 29.5.61
Whittaker, J. W. LT Reg. to E.-in-C.O. 28.12.61 Gill, B. S. S.W. Reg. .. 29.5.61
Lowe, W. T. .. E.-in-C.O. .. 18.12.61 Kirby, A. E.-in-C.O. .. . 29.5.61
Male, N. R, .. E.T.E. to E.-in-C.O. - 29.5.61
Executive Engineer (Open Competition) %(;(}i]de\x}, g {:’V II;} gl (%(% to E-in-C.O. .. %ggg}
Knight, R. A. E.-in-C.O. .. 9.10.61 Crump, N. G... E-in-C.O. 29.5.61
Brown, R. J. .. E.-in-C.O. .. 15.11.61 Kirby, D. J. .. E.-in-C.O. to L.T. Reg 29.5.61
Mullins, D. W. J. L.T. Reg. 29.5.61
Assistant Engineer to Executive Engineer Flanagan, J. Scot. .. .. .. Zg .5.61
Bridger, F. J. .. H.C. Reg. .. 11.10.61 Lock, R. D. E.-in-C.O. . - 12,661
Tealg, J. N.E. Rgg 11.10.61 Miles, D. V. .. H.C. Reg to E.-in-C.O. .. 29.5.61
Whiteley, L N.E. Reg. .. 11.10.61 Monro, D. I. .. E.-in-C.O 29.5.61
Murray, F. N.E. Reg. 11.10.61 Stephens, G. G. L.T. Reg 'to E.-in-C.O. 29.5.61
Hart, G. B. C. N.E. Reg. .. 11.10.61 Platt, S. M. K. E.-in-C.O. .. 29.5.61
Lamont P. A. Scot. to Mid. Reg 30.10.61 Coackley, R. .. E.-in-C.O. . 29.5.61
Friday, F. F. .. Mid. Reg. to E.-in-C.O. 1.11.61 Robb, J. W. Scot. to E.-in-C.0. - 29.5.61
Allan, M. W. J. Scot. ) 12.10.61 Mason, J. S.W. Reg .o 12.6.61
Kimber, R. T. S.W. Reg. .. 30.10.61 McKay, N. P.. L.T. Reg ‘toE-in-C.O. .. 12,661
Esseen, D. O. .. L. T.Reg. to E.-in-C.O. 20.11.61 Brooks-Johnson, F. L. L.T. Reg. . 12.6.61
Tungate, R. G. Mid. Reg. .. 22.11.61 Sheehan, D. .. W.B.C. to E.-in-C.O. 12.6.61
Pagett, F. A. T. Mid. Reg.to N. W. Reg. ..  28.6.61 Canham, A. O. LT. Reg. .. . .. 12,661
Heward, F. C. E-in-C.O. .. .. .. 6.10.61 Birch, G. M. .. L.T. Reg. .. 12.6.61
Cole, A. C. .. E.-in-C.O. .. 6.10.61 Walkden, M. R. N.W. Reg. to E.-in-C.O. 29.5.61
Rowbotham, F. J. N.L .. .. 7.9.61 Morris, R. .. H.C. Reg. to L.T. Reg. ..  12.6.61
Heathcote, S. .. Mid. Reg. .. 7.9.61 Wood, C. D. .. L.T. Reg. to E.-in-C.O. 12.6.61
Veasey, D. W. Mid. Reg. .. .. .. 7.9.61 Power, W. L. .. S.W. Reg. to E.-in-C.O. 12.6.61
Pearce, F. W. .. H.C. Reg. to SSW. Reg. ..  6.11.61 Crooks, K. R. L.T. Reg. .. 29.5.61
Wood, H. J. .. N.W.Reg. .. .. 22.11.61 Buffin, J. D. .. H.C. Reg. to E.-in-C.0. 12.6.61
Williams, N. R. H.C. Reg. to N.E. Reg. 4.12.61 Adams, T. W... L.T. Reg . 12.6.61
Flanagan, E. G. E.-in-C.O. .. .. 11.12.61 Jupp, G. F. L.T. Reg. 12.6.61
Lee, L. R. .. E.-in-C.O. .. 11.12.61 Berry, G. N E. Reg. t0 E.-in-C.O. 12.6.61
Fidler, R. G. .. E.-in-C.O. .. 18.12.61 Probert, P. E. . E-in-C.O. .. 12.6.61
Tles, S. H. .. E.-in-C.O. .. 18.12.61 Boardman, R. T. E-in-C.O. .. - 12661
Daniels, E. E. E.-in-C.O. .. 18.12.61 Wilkinson, K. N.W. Reg. to E. -in-C.0. .. 12.6.61
Redfern, A. E. E.-in-C.O. .. 18.12.61 Gasgoyne, P. F. Mid. Reg. to E.-in-C.O. ..  12.6.61
Edwards, R. G. E.-in-C.O. .. 18.12.61 Elliott, B. A. .. N.W. Reg. to E.-in-C.O. .. 3.7.61
Stubbington, C. J. H.C. Reg. .. 7.12.61 Walker, W. Scot. to E.-in-C.O. .. 10.7.61
Osborne, A. B. L.T. Reg. 15.12.61 Day, B. N.E. Reg. to Mid. Reg. .. 11.9.61
Peachey, M. W.B.C. to S W Reg .. 1.1.62
Yeatma‘lgl, R.A. H.C. Reg. to N.W. Reg. .. 15.1.62 Inspector to Assistant Engineer
Helps, W. F. .. L.T. Reg. to E.-in-C.O. 3.1.62 o, J. W. Scot. - 10.8.61
Frecknall, F. H. L. E.-in-C.O. .. 3.1.62 g;’;wek’ N HC(()j Reg. .. 19.10.61
Whittle, A. D. L.T. Reg. to E.-in-C.O. 3.1.62 Lambert, R, G. Mid. Reg, 1.11.61
Taylor, N. E -in-C.O. .. 3.1.62 Ware, H. o .. S.W. Reg .. .. 9061
Blakey, H. E-in-C.O. .. 3.1.62 Bell, S. . .. NIL. .. .. .. 51086l
Price, C. K. E.-in-C.O. .. 3.1.62 Clarke 7. .. NIL .. . 5.10.61
Williams, K. F. W.B.C 23.11.61
Assistant Engineer (Open Competition)
Burrows, K. G. E.-in-C.O. 22.8.61 Technical Officer to Assistant Engineer
Shean, P. G. T. E.-in-C.O. .. 18.9.61 White, C. .. N.W. Reg. .. .. .. 4.9.61
Gargan, J. E.-in-C.O. .. 22.8.61 Young, G.D. .. Scot. .. .. .. 10.8.61
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Promotions—continued

Name Region, etc. Date Name Region, etc. Date
|
Technical Officer to Assistant Engineer—continued ' Technical Officer to Inspector
Kitchen, D. C. H.C. Reg. 9.8.61 Wrylie, J. . .. Scot. 23.10.61
Wright, A. A. H.C. Reg. 18.9.61 Jeffreys, T. R. W.B.C. 2.10.61
Bond, M. 1. H.C. Reg. 4.9.61 Bennington, H. F. W.B.C. 27.9.61
Parrish, 1. P. H.C. Reg. 22.9.61 Chappell, B. W. W.B.C. 2.10.61
Trott, N.C. . W.B.C. 30.10.61 Gatward, A. E. L.T. Reg. 23.10.61
Clements A. W. H. C. Reg. 4.9.61 Watson, G. C. L.T. Reg. 23.10.61
Read, C. W, .. S.W. Reg. 4.10.61 Kerrison, L. L.T. Reg. 23.10.61
Coles, D. C. H.C. Reg. . 20.1061 ' Dadd, K.S. .. L.T. Reg. 23.10.61
Parker, H. G. .. N.W. Reg. . 2.10.61 Lacey, D. H. .. L.T. Reg. 23.10.61
Bolton, V. R. .. N.W. Reg. . 25.9.61 | TFoale, J. D. R. L.T. Reg. 23.10.61
Jones, D. H. N.W. Reg. . 24.10.61 Tipple, V. G. .. L.T. Reg. 23.10.61
Jones, H. H. N.W. Reg. . 18.10.61 Gough, R. L.T. Reg. 23.10.61
Genner, P. .. Mid. Reg. . 1.11.61 Neill, H. W. .. NI .. 5.10.61
Powell, N. G. .. Mid. Reg. . 1.11.61 McMorris, R. J. N.I .. 5.10.61
Chadd, R. A. .. E.-in-C.O. . 30.10.61 Rocks, T. A. .. NI .. 5.10.61
Evered, J. M. .. N.E. Reg. . 3.11.61
Towler, C. N.E. Reg. 3.11.61 | -
Campbell, J. .. LT. Reg. 23.10.61 Technician 1 to Inspector
Doherty, J. F... L.T. Reg. 23.10.61 * Robinson, M. .. E.-in-C.O. .. 13.11.61
Beardow, C. V. L.T. Reg. 23.10.61 ' Towell, W. G. E.-in-C.O. .. 13.11.61
Lewis, E. J. .. L.T. Reg. 23.10.61 Spruce, S. G. .. L.T. Reg. 23.10.61
Arnold, B. R. . L.T. Reg. 9.11.61
Day, J. F. . L.T. Reg. .10.
Wz};l(mson S. J' LT Rgg. zgi?gi | Senior Scientific Officer (Open Competition)
Elliott, R. G M. L.T. Reg. 9.11.61 l Chakraborty, D E.-in-C.O. .. 6.10.61
Walter, ClJ .. L.T. Reg. 23.10.61
i
gt?r‘;f’FI: W, . £¥ ﬁgg 22%(1)2} Scientific Officer (Open Competition)
Bignall, V. J. .. L.T. Reg. 23.10.61 @ Mellor,R.J. T. E.-in-C.O. .. 7.11.61
Murphy, F. W. K. L.T. Reg. 23.10.61 |
Baldwin, G. M. L.T. Reg. .10. , . ..
C?la(‘jl};lf?ck?l G. LT. Rgg. %giggi Assistant Experimental Officer (Open Competition)
Robinson, G. T. W.B.C. 1.11.61 Houghton, G. F. E.-in-C.O. .. 2.10.61
Briers, N. C. .. W.B.C 25.9.61 Jacobs, F. G. .. E.-in-C.O. .. 15.11.61
Marshall, D. .. Scot. 24.10.61 , Moore, P. E.-in-C.O. .. 6.11.61
Watters, T. C. Scot. 24.10.61 '
ibson, H. .. NI .. .10. . .
]cgillbggi D.S. .. NI. .. g}ggi Technical Assistant II to Technical Assistant 1
Naylor, R. T. A. L.T. Reg. 14.11.61 Rackley, C. E. E.-in-C.O. .. 6.12.61
Shzi)w, T. Né s E.W. Reg. 22.11.61
Robinson, B. G. .E. Reg. 21.12.61
Appleton, R. .. N.E. Reg. 21.12.61 | Chief Draughisman to Inspector of Drawing Offices
Burkitt, L. W. N.E. Reg. 21.12.61 Jury, R. J. E.-in-C.O. .. . 1.11.61
Ryder, C. E. .. L.T. Reg. 22.12.61
Thompson, L. J. L.T. Reg. 22.12.61 N .
Appletpord R. F. L.T. Rei 22.12.61 Draughtsman’ to Leading Draughtsman
Wray, L. L.T. Reg. 1.1.62 Edwards, F. H. .. LT.Reg .. 13.9.61
Willis, W. J. S, L.T. Reg. 22.12.61 | Molyneaux, G.C. .. E.-in-C.O. .. 4.12.61
Palmer R. J. L.T. Reg. 22.12.61 | Matheson, L. M. - E.-in-C.O. .. 4.12.61
Cassidy, G. H. L.T. Reg. 22.12.61 ‘ Smith, H. C. W. E.-in-C.O. .. 4.12.61
Smith, S. W. .. L.T. Reg. 22.12.61 Paynter, J. A. N. . E.-in-C.O. .. 4.12.61
Donnelly, J. NI .. 28.11.61 Leppington, P. M. J. E.-in-C.O. .. 4.12.61
Hume, B. J. .. NI .. 14.12.61 Bullivant, D. J. E.-in-C.O. .. 4.12.61
Osbaldeston, R. N.W. Reg. 28.12.61 Hawkins, A. G. E.-in-C.O. .. 4.12.61
Butler, A. R. .. N.W. Reg. 28.12.61 Morris, J. S. E.-in-C.O. .. 4.12.61
Jones, R. N.W. Reg. 28.12.61
Draughtsman to Assistani Engineer } Clerical Officer to Executive Officer
Woods, F. J. .. H.C. Reg 11.10.61 | MQ]OII, D. (M1ss) E.-in-C.O. .. 23.10.61
Cutts, G. F. .. .. H.C. Reg 9.8.61 Smith, R. A, E.-in-C.O. .. 16.10.61
Johnston, L. A. .. NIL.. 5.10.61 | Whlte 1P E.-in-C.O. .. 28.12.61
Retirements and Resignations
Name Region, etc. Date Name Region, etc. Date
. i Area Engineer
Deputy Director of Research . Allen. W €
Richards, C. E. E.-in-C.O. .. 31.12.61 Allen, W. C. E-T.E. r1Lel
. Senior Executive Engineer
Staff Engineer ) Partridge, F. V. L.T. Reg. 2.10.61
Harbottle, H. R. E.-in-C.O. .. 6.2.62
{ Executive Engineer
Assistant Staff Engineer Middleditch, E. G. H. E.T.E. . 21.8.61
Dunford, L. G. E.-in-C.O. .. 31.12.61 ' Lowton, J. .. N.W. Reg. .. 31.10.61

69



Retirements and Resignations—continued

Name Region, etc. Date Name Region, etc. Date
Executive Engineer—continued ; Assistant Engineer—continued
Fox, G. W.B.C. 13.9 61 Hartog, W. B. E.-in-C.O. .. 31.12.61
Hunter W. . N.E. Reg. 2.10.61 (Resigned)
Chapman, J. F. N.E. Reg. 9.9.61 I ‘
Emery, E. A. L.T. Reg. 14.11.61 Inspector
Leversuch, E. J. L.T. Reg. 30.11.61 Martin, H. J. .. L.T. Reg. .. 2.10.61
Ellis, W. i N.E. Reg. 30.11.61 Jennings, A. R. E. S.W. Reg. .. 25.10.61
Cqme CH .. S.W. Reg. 10.11.61 I —
g\(lltslllnrlei l({: E. S.W. Reg 16.1 %g 1 Temporary Senior Scientific Officer
irrell, R. C. .. cot. 11.11.61 : ; <in-C.O. .. 31.10.61
Mullard, R. E.-in-C.O 8.12.61 McKeon, A. (Resigned) E.-in-C.O
Assistant Experimental Officer
, , James, B. E. (Mrs.) E.-in-C.O. .. 31.10.61
Assistant Engineer (Resigned)
De( 15;;;::;15" C. E.-in-C.O. .. 30.11.61 Temporary Assistant Experimental Officer
Kelly, W. C. Scot. .. 10.8.61 | Peters, B. W. (Resigned) E.-in-C.O. .. 24.11.61
Hard, A. A. .. H.C. Reg. .. 5.9.61 Parry, M. J. (Resigned) E.-in-C.O. .. 31.12.61
Halsall N.J... N.W. Reg . 18.10.61 Assistant (Scientiﬁc)
Wright, F. C. . N.W. Reg. .. 24.10.61 - .
Mowbray, A. . E.-in-C.O. .. 1.11.61 Parry, H. W. (Resigned) E.-in-C.O. .. 31.12.61
ﬁydter E . IS\I-W- Reg 1411-} igi Temporary Assistant (Scientific)
astie, Ccot. 11 in- . 11.61
Cowley, G. N.E. Reg e | Rawle B N H. E-in-CO. .. i
Allaway, S. A. L.T. Reg 181161 | Goodman, R. W. E-in-C.O. .. 19.10.61
Belk, A. N.E. Reg. .. 29.11.61 (Resigned)
léng!iel}leld-Blshop, C. G E.-in-C.O. .. 30.11.61 o
Moafrlf,w ? 2 o i% ﬁgg 3(3)“2% Assistant Regional Motor Transport Officer
(Resigned) Lingwood, A. L. H.C. Reg. .. 25.9.61
Patterson, R. .. NI .. 17.9.61
g}’leidho]{:‘t, E. A. L.T. Reg. 9.10.61 Chief Draughtsman
arp, . N.E. Reg. 20.10.61 Aol T O i
Large, G. V. .. W.B.C. 28.10.61 Owles, F. H. .. E.-in-C.O. .. 31.10.61
Parker, A. S. .. Mid. Reg. 28.10.61 Senior Draughtsman
Llewellyn, W. .. W.B.C. 31.10.61 Lipscombe, C. A. D. .. E.-in-C.O. .. 16.11.61
Body, G. E. H. S.W. Reg. 9.11.61 Wright, L. J.* .. E.-in-C.O. .. 31.12.61
Gwynn, W. P. E.T.E. 30.11.61 )
Darby, G. F. .. L.T. Reg. 4.12.61 Leading Draughtsman
Clarke, P E.-in-C.O. 13.12.61 Henton, R. H.C. Reg. .. 8.10.61
* Mr. L. J. Wright is continuing as a disestablished officer with E.-in-C.O.
Transfers
Name Region, etc. Date 1 Name Region, etc. Date
Assistant Staff Engineer Assistant Engineer
Eley, A. C. Joint P.O./M.OW. R. & 1.11.61 Myers, H. B. .. Mid. Reg. to E.-in-C.O. .. 2.10.61
D.G. to E.-in-C.O. Ryles, K. V. .. E.-in-C.O. to Mid. Reg. .. 16.10.61
Crawford, A. .. E.-in-C.O. to International 15.11.61
Area Engineer k Civil Aviation Organiza-
i .D. .. .E. Reg. ini . tion -
Gilbey, P N.E. Reg. to Trinidad 3.12.61 Clark, L. E.-in-C.O. to Trinidad 2.12.61
Ellis, G . E.-in-C.O. to Trinidad . 2.12.61
Senior Executive Engineer Dutton, K. W. E.-in-C.O. to H.C. Reg. .. 4.12.61
Partmgton E. V. E.-in-C.0. to L.T. Reg. 3.10.61 Stacey, P. J. Ednc.O. 1o Royal Naval ~ 11.12.61
H ; ) Scientific Service
aley, G Fagtories g cpartment to 21061 | gew A R.C. .. E-nCO.to N.W.Reg. .. 11126
Weston, F. T. E.-in-C.0. to H.C. Reg. .. 4.12.61 ' Ainsworth, C. N, L. .. Nigeria to Mid. Reg. 18.12.61
U Senior Scientific Officer
Executive Engineer | Champion, J. A. E.-in-C.O. to D.S.L.R. 31.10.61
Sinnicks, A. C. Approved Employment to  19.10.61 |  4gsistant (Scientific)
. Reg. .
Harris, W. E. G. Scot. to W.B.C. .. 13.11.61 l Agacy. R. L. .. E-in-C.0. to DS.I.R. .. _ 1.10.61
Ferguson, O. A. K. E.-in-C.O. to S. W. Reg. . 10.11.61 | Executive Officer
Webb, A.J. .. E.-in-C.O. to L.T. Reg. 15.11.61 Cross, F. H. .. L.T. Reg. to E.-in-C.O. 10.11.61
North, P. W. F. E.-in-C.O. to L.T. Reg. 18.12.61 . Jeffrey, D. G. .. E.-in-C.O. to L.P. Reg. 18.11.61
Deaths
Name Region, etc. Date ‘ Name Region, etc. Date
Assistant Engineer \ Leuding Draughtsman
Leyland, A. .. N.W. Reg 24.10.61 Bottomley, F. .. E.-in-C.O. .. 29.11.61
Shepherd, A. M. E.-in-C.O 28.12.61 | Harris, R. A, .. Mid. Reg. .. 8.12,61
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Papers and Articles on Telecommunications
and Other Scientific Subjects

The following is a list of the authors, titles and places of publication of papers and articles written by Post
Office staff (sometimes in association with members of other organizations) and published during 1961.

ALLAN, A. F. G. Cable Damage by Roadwork. Post Office
Telecommunications Journal, Vol. 13, p. 233, Winter 1961.

BAkERr, D. Probléme du Dégazage et des Défauts d’étanch-
éité des Boitiers de Transistors. L’onde Electrique, Vol.
XLI, p. 408, Apr. 1961.

BArRkER, H. Meeting Increasing Demand for Inland
Trunk Circuits. Post Office Telecommunications Journal,
Vol. 13, p. 224, Winter 1961.

Bassert, H. G. Novel Transformer Suitable for the Parallel
Operation of Current-Driven Devices. Radio and
Electronic Components, Vol. 2, p. 129, Mar. 1961.

BaTeY, H. Work Function Measurements on the Platinum
Alloys of the Alkaline-Earth Metals. Proceedings I.E.E.,
Vol. 108, Part B, p. 468, July 1961.

BATEY, H., see METsoN, G. H.

BENNETT, R. O., and STRINGER, J. B. Acceptance Trials of
Computers for Government Use. The Computer Journal,
Vol. 4, p. 185, Oct. 1961.

BowcoTrt, H. J., and CLEAVER, A. J. Corrosion of Electrical
Components by their Atmospheric Environment. Pro-
ceedings LE.E., Paper No. 3624, June 1961 (Vol. 108,
Part B, Supplement 22).

CARrAsso, J. 1., see FAKTOR, M. M.

CLEAVER, A. J. Corrosion Problems in a Submarine
Telephone Cable having an Aluminium Outer Coaxial
Conductor. Read at First International Congress on
Metallic Corrosion, London, Apr. 1961.

CLEAVER, A. J., see BowcoTtT, H. J.

Coeg, D. W. R. Railway Electrification and Post Office
Lines. Post Office Telecommunications Journal, Vol. 13,
p. 126, Summer 1961,

CorkE, R. L., see WATT-CARTER, D. E.

CrorspaLE, A. C. FError Rates and Error Detection on
Telegraph Circuits. I.R.E. Transactions and Communica-
tions Systems, Vol. CS-9, p. 28, Mar. 1961.

DaguisH, H. N. Electron Emission from Cold Magnesium
Oxide. Proceedings I.E.E., Vol. 108, Part B, p. 103, Jan.
1961.

DavisoN, G. N., see PHiLLIPS, R. S.

FAxTOR, M. M., and Carasso, J. I. An All-Glass Micro-
balance. Chemistry and Industry, Vol. 28, p. 1,062, 15
July 1961.

Faut, G. C. M.,* MARTONY, J.,* RENGMAN, U..* RISBERG,
A.* and Hormes, J. N. Recent Progress in Formant
Synthesis of Connected Speech. Contributed paper to the

Sixty-First Meeting of the Acoustical Society of America,
May 1961.

FrLowers, T. H. Electronic Exchange Research and Develop-
ment in the United Kingdom. Conference on New
Developments in Electrical Traction and Telecommunica-
tions in Great Britain, Warsaw, 21-22 Mar. 1961
(Association of Polish Electrical Engineers (S.E.P.)).

FrLowers, T. H. Electronic Telephone Exchanges. Transac-
tion of the Society of Instrument Technology, Vol. 13, p.
191, Sept. 1961.

Frowers, T. H., and ForsHAw, G.t British J.E.R.C.
Development of Electronic Switching. British Com-
munications and Electronics, Vol. 8, p. 208, July 1961.

Froyp, C. F., see TAYLOR, F. J. D., and others.

ForsHaw, G., see FLowEers, T. H.

FrEeBODY, J. W. Some General Comments on the Relia-
bility of Mechanical Parts of Data Processing Systems.
Proceedings of the Informal Discussion on the Reliability
of Mechanical Engineering Plants of Data Processing
Systems, London, p. 6, Jan. 1961 (Published by the
Institution of Mechanical Engineers).

GiLL, J. S. A Study of the Requirements for Excitation
Control in Synthetic Speech. Proceedings of the Third
International Congress on Acoustics, Stuttgart 1959,
Vol. 1, p. 221 (Published by Elsevier 1961).

GiLL, J. S. A Versatile Method for Short-term Spectrum
Analysis in Real-time. Nature, Vol. 189, p. 117, 14 Jan.
1961.

GILL, J. S. Automatic Extraction of the Excitation Function
of Speech with Particular Reference to the Use of
Correlation Methods. Proceedings of the Third Interna-
tional Congress on Acoustics, Stuttgart 1959, Vol. 1, p. 217
(Published by Elsevier, 1961).

GiLL, J. S. Recent Research on Methods for Automatic
Estimation of Vocal Excitation. Fourth International
Congress on Phonetic Sciences, Helsinki, 1961.

HaLsey, R. J. Telecommunications with Particular Refer-
ence to Cables and Their Requirements. Transactions and
Proceedings of the Institution of Rubber Industry, Vol. 37,
p. 59, June 1961.

HaMER, R. Long-Distance Waveguide Transmission, Parts
1 and 2. Electronic Engineering, Vol. 33, pp. 218 and 279,
Apr. and May 1961.

Hamer, R. Radio-Frequency Interference in Multi-
Channel Telephony F.M. Radio Systems. Proceedings
LE.E., Vol. 108, Part B, p. 75, Jan. 1961.
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HaMmer, R., and WILkiNsON, R. G. V.H.F. Broad-Band
Variable Group-Delay Equalizers. Electronic Engineering,
Vol. 33, p. 506, Aug. 1961.

HENDERSON, J. C. Improved Reflection Diffraction Holder
for Electron Microscope. Journal of Scientific Instruments,
Vol. 38, p. 453, Nov. 1961.

HoLwmes, J. N., see Faut, G. C. M., and others.
HoLwMmes, J. N., see SHEARME, J. N.
HoLMEs, J. N., see SWAFFIELD, J., and others.

KEeLLy, P. T. F. Circuits for International Civil Aviation.
Post Office Telecommunications Journal, Vol. 13, p. 189,
Autumn 1961.

Lewis, N. W. Line-Spread Functions of Photographic
Emulsions. Nature, Vol. 189, p. 909, 18 Mar. 1961.

LitTLE, S. J. Electrical Protection of Telecommunications
Plant. Post Office Telecommunications Journal, Vol. 13,
p- 182, Autumn 1961.

Lowe, W. T. A Telephone for Subscribers with Weak
Voices. Post Office Telecommunications Journal, Vol. 13,
p. 243, Winter 1961.

Lowe, W. T. Hearing-Aid Telephones. Post Office Maga-
zine, Vol. 22, p. 213, July 1961.

LyncH, A. C, see NEw, A. A.

Marks, D. J. Trunk Circuits for S.T.D. in the Director
Areas. Post Office Telecommunications Journal, Vol. 13,
p- 211, Winter 1961.

MARTONY, J., see FAauT, G. C. M., and others.

MEeTsoN, G. H. Conductivity of Oxide Cathodes, Part 10.
Spontaneous Generation of Negative Ions. LE.E.
Monograph No. 443E, May 1961 (Proceedings I.E.E.,
Vol. 108B, p. 471, July 1961).

MeTsoN, G. H., and Batey, H. Conductivity of Oxide
Cathodes, Part II. Thermal Stability of the Alkaline-
Earth Oxides. I.E.E. Monograph No. 444E, May 1961
(Proceedings 1.E.E., Vol. 108B, p. 471, July 1961).

MEersoN, G. H. Conductivity of Oxide Cathodes, Part 12.
Influence of Strontium Ion Migration on Matrix Con-
ductivity. LE.E. Monograph No. 473E, Oct. 1961
(Proceedings 1.E.E., Vol. 108B, p. 672, Nov. 1961).

NEw, A. A. Principles of Acceleration of Life Tests of
Electronic Components. Read at the First International
Congress on Components and Materials used in Electronic
Engineering, LE.E., 2-16 June 1961.

NEew, A. A. Some Mechanisms of Failure of Capacitors
with Mica Dielectrics. Read at the First International
Congress on Components and Materials used in Electronic
Engineering, LE.E., 2-16 June 1961.

NEw, A. A,, and LyncH, A. C. The Failure of Metallized-
Paper Capacitors used with Large Series Resistances.
Read at the First International Congress on Components
and Materials used in Electronic Engineering, I.E.E.,
2-16 June 1961,

PuriLLIps, R. S., and DavisoN, G. N. Machine Sorting Gives
a Better Service (Unsigned research report). Engineering
Vol. 191, p. 910, 30 June 1961.

PriLLips, R. S., and DavisoN, G. N. Mechanizing the
Postal Service. Journal I.E.E., Vol. 7, p. 405, July 1961.

RAWLINSON, W. A., see TAYLOR, F. J. D., and others.
RENnGMAN, U, see FauTt, G. C. M., and others.

REYNOLDS, F, H. The Potential Distribution and Thermionic
Current between Parallel Plane Emitters. IL.LE.E. Mono-
graph No. 408E, Mar. 1961 (Proceedings I.E.E., Vol. 107B,
p. 636, Nov. 1960).

RISBERG, A., see FauT, G. C. M., and others.
ROBERTS, F. F., see TILLMAN, J. R,

SHEARME, J. N., and HoLMEs, J. N. An Experimental Study
of the Classification of Sounds in Continuous Speech
According to their Distribution in the Formant 1-Formant
2 Plane. Fourth International Congress on Phonetic
Sciences, Helsinki, 1961.

SHEARME, J. N., see SWAFFIELD, J., and others.

SmrtH, J. Sixty Years of Loading Coils. Post Office Tele-
communications Journal, Vol. 13, p. 173, Autumn 1961.

StanesBY, H. Recent Radio Communications Develop-
ments in the United Kingdom. Conference on New
Developments in Electrical Traction and Telecommunica-
tions in Great Britain, Warsaw, 21-22 Mar. 1961
(Association of Polish Electrical Engineers (S.E.P.)).

STRINGER, J. B. The Place of Character Recognition, Data
Transmission and Document Handling in A.D.P.
Systems. The Computer Journal, Vol. 4, p. 161, July 1961.

STRINGER, J. B., see BENNETT, R. O.

SWAFFIELD, J. Speech Quality Attainments with Synthetic
Speech. Invited paper to the 1961 American Speech and
Hearing Association Convention, Nov. 1961,

SWAFFIELD, J., SHEARME, J. N., and HoLMEs, J. N. Some
Measurements on the Vowel Sounds of Conversational
Speech. Invited paper to the Sixty-Second Meeting of
the Acoustical Society of America, Nov. 1961.

TAYLOR, F. J. D. U.R.S.I. Symposium on Space-Communi-
cation Research. Journal LE.E., Vol. 7, p. 664, Nov. 1961.

TAYIOR, F. J. D., FrLoyp, C. F., and RawLINSON, S. A.
Some Aspects of Measurement of Potentially Hazardous
Electromagnetic Fields. Proceedings of the Third Inter-
national Conference on Medical Electronics, London
1960, p. 393, 1961.

TiLLMAN, J. R., and RoBERTS, F. F. An Introduction to the
Theory and Practice of Transistors (Sir Isaac Pitman &
Sons, Ltd., London, 1961).

WaDDON, E. J. Interference Between Communications and
Power Circuits, Students’ Quarterly Journal LE.E.,
Vol. 31, p. 147, Mar. 1961.

WATT-CARTER, D. E., and Corkg, R. L. Effect of External
Conditions on the Phase of Radio Signals. Nature, Vol.
191, p. 1,286, 23 Sept. 1961.

WIiLKINSON, R. G., see HAMER, R.

* Messrs. Faut, Martony, Rengman, and Risberg are at the Royal Institute of Technology, Stockholm.

T Mr. Forshaw is with the Automatic Telephone & Electric Co., Ltd.

Post Office Staff are asked to send the Managing Editor details of their papers and articles published during 1962.
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A NEW
WALL TELEPHONE
THE "¢ S.C 711

By employing the same components as
the ‘New Gecophone' (the GEC 706
Telephone), this new wall telephone has
the same high standard of performance
with the added advantage that
Administrations need only stock the same
component spare parts for both the TELEPHONES FOR ALL PURPOSES
table and wall telephones.

The bases of the two telephones are TELEPHONE DIVISION

GEC. (TELECOMMUNICATIONS) LTD

Telephone Works - Coventry - England
Works at Coventry and Middlesbrough

the same, thus enabling a GEC plinth
to convert the wall instruments
to a plan-type telephone.

The telephone is being supplied for use
by the British Post Office as their
standard wall instrument.

Smee’s 107
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SHF MALAYAN MICROWAVE

KUANTAN .

KEY

- Terminal

N Repeater

The GEC has recently been awarded a contract by the Crown Agents for Oversea Governments
and Administrations for an SHF radio system from the Telecommunications Department, Malaya.
The link will consist of two terminal stations situated at Penang and

Gunong Kledang, 8% miles west of Ipoh, and an intermediate repeater station located at Maxwell's Hill.

The 50 mile path between Maxwell’s Hill and Penang will

employ dual space diversity in order to achieve a high propagation reliability.

The system will initially be equipped with a main and a protection radio channel

in each direction of transmission with automatic switching in the event of failure of the working

radio channel. The switching equipment will be arranged so that in the future, additional RF channels can be
added and these will utilise the one protection channel initially provided.

In addition to the broadband radio equipment, the route will be equipped with an auxiliary SHF

link for conveying engineer’s speaker circuits and remote controls and alarms. This narrow band SHF channel
is multiplexed together with the main channels for connection to the same paraboloid antenna.

The consultants for this contract are Messrs. Preece. Cardew and Rider.

EVERYTHING FOR TELECOMMUNICATIONS 980

For further information
please write for Standard Specification SPO 5555

Transmission Division
G-E-C- (TELECOMMUNICATIONS) LTD - Telephone Works - Coventry - England
Works at Coventry and Middlesbrough
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a leading name in cables

STC manufacture plastic insulated
telecommunication cables and wires in a
very wide variety of types and sizes—from
unit twin distribution cable (BPO Spec. 171),
overall diameter 22 in. containing

2000 pairs, to subminiature h.f. coaxial
cable, 75 ohms, overall diameter 0-064 in.

Write for STC publications covering
telecommunications cables.

Srandard Telephones and Cables Limired

RUBBER & PLASTIC CABLE DIVISION: CORPORATION ROAD - NEWPORT - MON.

62/IH






THE NEW LUKURY TELEPHONE

Manufactured exclusively by Ericsson, the Etelux is a refreshingly new concept of telephone

instrument design. A great deal of thought has been devoted to the ergonomic and aesthetic
problems involved in the evolution of an instrument of this nature, and among its many outstanding
features is its distinctive appearance and ease with which it can be handled. It is easily convertible
to wall mounting for use in kitchen, hall or any location where table space is restricted. Dial
illumination, and press-button for “operator re-call” or party line working, can be provided as an
optional extra. The Etelux is offered in a range of colours which have been chosen for compati-
bility with a wide variety of interior decor, and these are:—

Aqua Jade, Alice Blue, Dusky Pink, Rose Grey and Blush Ivory. The base is Kashmir Beige, dial
Silver Gilt and H.M.T. Cord Bronze Lustre.

This instrument has a technical performance equal to that of the Etelphone and can be supplied
in full tropical finish.

»] ERICSSON TELEPHONES LIMITED ¢ ETELCO LIMITED
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\\//A\\ P/ _BLADE These new connectors bring the benefits of AMP termination to printed

W\ ilf
\\\\\ Il circuit techniques, ensuring maximum reliability and trouble-free

performances at lower installed costs. Being rigidly fixed to the printed
CUNNEGTURS circuit board, the tab housing acts as reinforcement, preventing
distortion and consequent damage, even with frequent engagement

FOR and disconnection. The detachable contact housing carries the exact
number of contacts required—no more, no less! AMP-Blade Connectors

are suitable for use on %), &%) and ") printed boards, in a range
PRlN-I—ED of six sizes.
ClRCUH—S ANOTHER AMP-FIRST

M No paid-for but unused contacts M No risk of moisture entrapment M Rigid guide pins ensure perfect mating

B Removable snap-in crimped contact on every lead M Recessed cavities for leads eliminate sleeving of contacts
M Exact alignment of socket and blade at all times M Available with 17,23, 29, 35, 41 or 47 contacts B Large contact
area reduces wear, increases life B Blocks can be keyed using plugs or moulded bosses M Consistent pressures

with any number of contacts B Contacts can only be inserted and pushed home one way M Termination by A-MP

precision controlled crimp technique using automatic machine or hand tool

AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD

Head Office: AMPLO HOUSE, 87/89 SAFFRON HILL, LONDON, E.C.1.
Tel: CHAncery 2902 (7 lines) Telex: 23513 Cables: AMPLO LONDON TELEX

TRADE MARK

% Trade mark of
AMP Incorporated U.S.A.
g SRR SOUTH AFRICA DISTRIBUTOR : E. 5. MOWAT & SONS (PTY) LTD. §1-57, MILNE STREET, P.O. BOX 437 DURBAN, NATAL

ASSOCIATED COMPANIES IN U.S.A., AUSTRALIA, CANADA, HOLLAND, FRANCE, GERMANY, ITALY, JAPAN, AND MEXICO
AP201

























































Recent additions to the range of JMC Silver Star pre-
cision silvered-mica capacitors are four synthetic resin
encapsulated types. The encapsulation technique, in
conjunction with Silver Star fired construction, ensures
outstanding long-term and cyclic stability.

The square sectioned AI1SE and A25E have been
designed specially for transistorised circuitry, while
the C22E and C33E have been developed for use in
filters and other professional equipment. All are ideal
for use on printed circuits.

Fired construction

Exceptional long term and cyclic stabilities
Service temperature range —55°C to +-100°C
Synthetic resin encapsulated

Excellent humidity resistance

Low power factor and high insulation resistance
Remarkably small size

Precise body dimensions

Ideal for printed circuitry

X bk Ok kO ¥

Dimensions and capacitance ranges of each

type
are given below:

MM)1 (38 MM)

According to bend.

Phosphor
Bronze Wire
22 SWG.
(-7 MM)

II Tinned
]I.\ Phosphor

Bronze Wire

22 SWG.

(-7 MM) o

Tinned Phosphor Bronze
i (635MM) Wire 21 SW.G.(-8 MM)
Capacitance Range

33 to 6,000ppF.
Minimum Tolerance
(above 100ppF) +2%
(below 100upF)+ 2upF.

Capacitance Range
6,000 to 20,000upuF
Minimum Tolerance 1%

Capacitance Range
200 volts peak working
750 to 3,300ppF
350 volts peak working
5 to 2,000upF,
Minimum Tolerance: (above 200pp F) £ 0

These are only four types from the wide range of JMC Silver Star (® capacitors

JOHNSON, MATTHEY
73-83 Hatton Garden, London, E.C.1
Vittoria Street, Birmingham, 1
75-79 Eyre Street, Sheffield, 1

5672

7

Johnson

EI2 671

Matthey

41

§/ Filter unit by Ericsson
Telephones Limited in-
corporating both C22E
and C33E Silver Star
capacitors

l |

105"

+-010
0-6" CTRS.
L Tinned Phosphor Bronze
Wire 20 SW.G. (-9 MM)

Capacitance Range
200 volts peak working
7.500 to 33,000upF
350 volts peak working
300 to 20,000uuF
(below 200up F) & Ipp F

& CO., LIMITED
. Telephone: Holborn 6989
Telephone : Central 8004
Telephone : 29212






	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	!General.pdf
	Page 1


