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aggregate telegraph speed in the range 85-100 bauds.
The second group includes 2-channel element-interleaved
systems also working at an aggregate speed of 85-100
bauds. The third group consists of 4-channel systems
using a combination of character and element inter-
leaving which have an aggregate speed in the range of
170-200 bauds. The monitor unit should be capable of
use on all of these systems.

The terminal equipment that separates the channels
and operates the error-correcting system involves
a fairly complex system of speed control to keep
the receiving equipment in synchronism with the trans-
mission. In addition, the distributor which separates the
channels acts as a regenerator and gives the system a
margin of about 48 per cent. The monitor must also run
in synchronism with the transmission, and regenerate
the signals. Both the synchronizing circuit and the
regenerator should, however, be as simple as possible if
the equipment is to be portable. Subsequent to regenera-
tion, it is necessary to detect the errors in the trans-
mission, and this is done by checking the 3:4 mark-to-
space relationship in each of the 7-unit characters. A
more detailed description of the operation of these
error-correcting systems is given elsewhere.?

Of the different kinds of error-correcting systems in
use, the majority at the present time are 2-channel
character-interleaving systems, and so it was decided to
design the monitor in the first place to operate on this
system and then to see how it could be adapted to work
on the other and less commonly-used systems.

Considering a 2-channel character-interleaved system,
the two channels (known as A and B) are identified by
the polarity of the elements. The A channel is usually
sent ‘“‘erect,” i.e. positive polarity for mark elements,
and the B channel is “inverted,” i.e. negative polarity for
mark elements. In the monitor unit there is a common
error-detecting circuit that inspects each of the two
channels for the 3:4 relationship and so one of the
channels must be inverted before it is checked for errors.
This is done in a unit called the “commutator” which
accepts all the A channel signals as they are but inverts
B channel signals. By this means the ratio of positive to
negative elements in both channels is 3:4, and a common
error detector will work satisfactorily. This ratio is
checked by means of a counter which closes a gate if three
positive elements are received in any train of seven. If
more or less than three are received, the gate will not
close. The closing of this gate prevents a pulse, generated
at the end of every seventh element, from reaching the
error counter. The error detector will operate correctly
only if the regenerator is correctly synchronized with the
speed of the incoming transmission, and if the element
examination is so phased with respect to the incoming
elements that it checks the 3:4 ratio starting from the
first element of each character. These two operations
are commonly referred to in telegraph parlance as
“synchronizing” and ‘““phasing,” but the more general
expressions used in digital technique are “digit sync.”
anc “frame sync.,” respectively.

The necessity for the maintenance of digit sync. and
frame sync. means that controls must be provided which
enable the regenerator to be synchronized accurately with
the speed of the transmission, and that the error detector
is provided with an arrangement which will enable it
to operate from the first element in each character.

With regard to digit sync., the difficulty arises that at
the receiver the instants of modulation of the telegraph
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signals are displaced from their correct time relationship
not only by speed difference between the transmission
and the regenerator but also by telegraph distortion
arising from fading and interference on the radio signal.
The first of these effects is likely to be a steady difference
in speed, either fast or slow, whereas the second is a
random effect. The only way of controlling the speed of
the regenerator is by inspection of the instants of modu-
lation and interpretation of their displacement from the
correct time as a speed error. If this alone were done
a continuous succession of slow and fast correction
pulses would be given as a result of fading. It is,
therefore, necessary to adopt some system of integration
so that these random effects are smoothed out and only
the steady effects due to true errors of speed are allowed
to affect the timing of the regenerator.

Considering frame sync., it would be ideal if the
apparatus could automatically find its own frame sync.
and. once having found it, maintain itself automatically
in this condition. If this is not possible then the finding
of frame sync. should be made semi-automatic, i.e. the
apparatus should hunt for frame sync. on operation of an
“auto-phase” button and once having found it the frame-
sync.-control function should be inoperative until the
button is again operated.

In semi-automatic frame-sync. conditions the stability
of the unit is then the stability of the oscillator or multi-
vibrator controlling the regenerator. On the error-
correcting equipment, where the finding of frame sync. is
usually a long process requiring the co-operation of both
terminals, it is usual to provide very stable oscillators
that can be relied on to maintain synchronism over a
period of up to 15 minutes without correction. Under
these conditions the equipment will hold both digit
sync. and frame sync. during periods of interruption of
the transmission and will not require frame sync. to be
established again when transmission is resumed. With
the monitor unit, however, the automatic or semi-
automatic frame-sync. device enables frame sync. to be
found comparatively rapidly, and, since loss of revenue
earning traffic is not involved, it is quite feasible to restrict
the time during which the regenerator must maintain
synchronism to the sort of interruption period that can
be expected as a result of propagation disturbances. This
enables a simpler form of oscillator to be used, which is a
considerable advantage in portable equipment.

GENERAL DESCRIPTION

Only two external connexions to the monitor are
required, one to the mains supply and the other to the
source of the signal to be checked. A mains-voltage
selector at the back of the unit enables the unit to
work from any a.c. supply within the limits 200-250 volts.
Aninterlock fitted to the voltage-selecting switch prevents
the voltage selector being operated with the mains
connected. This protects the unit against current surges
which might rupture the mains fuses.

The front panel may be removed by unfastening four
screws and lifting the panel clear by the front handles.
A framework mounted on the back of the panel carries
the circuit assembly for the unit, except the power unit
which is mounted separately at the rear of the case.
Connexions between the power unit and the rest of the
unit are made by means of flexible cables and multi-way
connectors.
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FIG. 3—SCHEMATIC DIAGRAM OF SYNCHRONOUS REGENERATOR

respect to the incoming signal, pulses Dy will be produced
at the output of the ““fast” gate. If the multivibrator is,
however, running slow with respect to the incoming
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signal, pulses Ds will be produced at the output of the
“slow” gate. These pulse trains Df and Ds produce the
fundamental information subsequently used to operate
the phase-control element in the multivibrator.

Waveforms A; and A. still contain any distortion that
may be present in the incoming signal and so waveform B
will also exhibit the characteristic time displacements of
distorted signals. Telegraph distortion on a radio-
telegraph system tends to be random in nature rather
than having a steady bias, so that if the information
from waveforms Dy and Ds is integrated over a suitable
period of time, the random effects tend to nullify one
another and the resulting signal will contain, mainly,
information relating to the speed fluctuations in the trans-
mission. The integrated signal may then be used to apply
the phase correction to the multivibrator.

The integration process is carried out by means of a
cold-cathode selector tube. Waveforms Dy and Ds are
fed to the selector tube via two separate driving circuits
which are arranged to cause the tube to step clockwise
and counter-clockwise, respectively. Cathode 0 is left
disconnected so that the discharge cannot progress
beyond cathode 9 or cathode 1, according to the direction
in which the tube is being stepped.

When the discharge steps to either cathode 1 or
cathode 9, a positive pulse E; or E; is produced, respec-
tively. This opens either the ““advance” gate or “retard”
gate and allows either waveform Cr or Cs to pass, after
inversion, through to the phase inverters, from which
the trailing edges of the inverted C pulses, i.e. pulses
Fa or F,, produce either resetting pulses Hs or Hy,
which in turn transfer the discharge of the integrator
tube to either cathode 2 or cathode 8.

Referring to the waveform diagram (Fig. 4), assume
that the multivibrator is running slowly with respect to the
incoming signal and the glow on the integrator tube is
resting on cathode 3. The next transition of waveform B
will be allowed to pass through the “slow” gate, and
waveform Ds will be produced at the output of this gate;
Ds will step the selector tube on and the discharge will
transfer to cathode 2. Further drift occurs, and the next



transition to appear in the “slow’ gate will cause the
discharge to be transferred to cathode 1.

The positive output (Es) produced at cathode 1 opens
the ‘“‘advance” gate and allows waveform Cr to pass
through. In its passage through the gate, Cr is inverted
and appears at the output as Fq. Pulse F, is now applied
to the “advance” phase inverter where its polarity is
corrected and appears at the output as Ga. The trailing
edge of Fa gives rise to a negative pulse Hs which resets
the discharge on the integrator tube to cathode 2 and, in
so doing, closes the “advance” gate.

If the correction so applied is insufficient to restore
synchronism the process described above will be repeated
and the discharge on the indicator tube will oscillate
between cathodes 1 and 2. On the other hand, if the
correction so applied is greater than that required
to restore synchronism the reverse process will be
initiated, and the discharge will be transferred from cath-
ode 2 to cathode 3, after which the procedure described
above will be repeated. The waveform diagram shows
this condition. If the multivibrator is running perman-
ently slow, therefore, rapid correction will result. How-
ever, if the drift in the multivibrator should reverse,
seven pulses of waveform Dy will be required before
the discharge will reach cathode 9 and produce a retarding
correction-pulse. The retarding pulses are produced
by waveforms E,, F, and Gy, and waveform Hy transfers
the discharge from cathode 9 to cathode 8 of the selector
tube.

In general, the random nature of the distortion on
waveform B tends to cause the selector-tube discharge to
step in both directions at random; only genuine drift
between the transmission speed and the multivibrator
will result in positive stepping in one direction with
resultant change in the multivibrator phase. To keep the
distortion of the regenerated output to a minimum it is
essential that the multivibrator phase correction does not
exceed about 1 per cent per element. This is ensured by
limiting the duration of the correcting pulses by using the
timing pulses Cs and Cs derived from the multivibrator
itself; the trailing edges of Cs and Cs determine the
instants at which the “advance” and ‘‘retard” gates
close. The cold-cathode selector tube used in the inte-
gration process also gives a useful
display which indicates when digit
sync. is obtained, thereby facili-
tating the adjustment of the
“sync.” control.

Initial setting-up of digit sync.
is performed manually by setting R
the ““bauds™ control to the nearest
figure appropriate to the received
transmission speed. When this has SCHMITT
been done the selector tube, at TRIGGER
present serving as a ‘‘sync. indi- FROM
cator,” will probably give a con- M IPRATOR
fused display. This is caused by the
rapid slip in phase, which causes

finally settling at either cathode 1 or cathode 9; the regen-
erator is in digit sync. but the multivibrator will be con-
tinually corrected in one sense. If the sync. control is
now adjusted it will be possible to get a display on the
selector tube which will tend to oscillate about the central
positions and only rarely step to the extreme positions
at which correction pulses are given out.

Referring to Fig. 4, it will be seen that if negative-going
pulses (J), obtained as a result of differentiating waveform
Cy, are used as inspection pulses for the regenerator, they
fall in the centre of the incoming-signal waveforms. The
regenerator stage will then produce waveforms L, and L,
at its output, and these waveforms will reproduce the
coded information in waveforms A; and A, with a
maximum of 2 per cent element-by-element distortion
and delayed in time by one half of a telegraph element.

Error Detector

The error detector has been designed to handle
2-channel and 4-channel character-interleaved systems
as well as 2-channel element-interleaved systems using
single-element interleaving. It also includes the necessary
means for obtaining frame sync. Since, at the present
time the majority of point-to-point circuits to this
country employ 2-channel character interleaving (TOR)
the operation of the error detector will be described in
terms of this system. The method adopted to deal with
the other two systems mentioned above will be described
later.

In a 2-channel character-interleaved system the A
channel is sent erect, and the B channel is sent inverted.
This is done to preserve the balance of the mark-to-
space ratio of the aggregate signal and alsoc to provide
a ready means of identifying the channels. For the
characters in the A channel to be interpreted as correct
each must contain three positive elements, whilst for
the B channel each character must contain four positive
elements. 1f, after regeneration in the monitor the
polarity of the B-channel elements is inverted the
checking stages will only have to interpret three positive
elements in.seven as a correctly received signal.

Referring now to Fig. 3 and 5, it will be seen that for
the system under consideration switch SA should be in

ERROR DETECTOR COUNTER

an apparently simultaneous dis-
charge on four or more of the
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cathodes of the selector tube. The
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*‘correction-figure” control and by 2
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the error counter. If any number of marks
other than three is counted during a train of
seven elements the Vi pulse will be allowed
to operate the error counter. Waveform V,
also operates a character counter. The
character counter can be preset, by means of
a count selector switch, to stop counting at
any multiple of 1,000 characters up to 10,000,
and to close the character-error gate at the
same instant by a stop signal from the
counter. Operation of the start button resets
all the counters to zero and clears the stop
signal.

The process of frame synchronization is
semi-automatic. It is initiated by the operation
of the “‘auto-phase’ button SD, and once
frame sync. has been obtained the automatic
character phaser is locked out of service.
During the phasing cycle the counters are
reset to zero by removing the earth from the
reset line at contact RLA1. Assuming that the
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FIG. 6—WAVEFORMS IN THE ERROR DETECTOR FOR A 2-CHANNEL CHARACTER-

INTERLEAVED SYSTEM

position 2. Four sets of signals are fed from the regenera-
tor to the error detector, two sets of signals from the
multivibrator, of opposite polarity (Cs and Cr), and
two from the regenerator, of opposite polarity (L. and
L:); Cs and Cr are 1:1 square-wave reversals whose
frequency is numerically equal to the signalling speed
of the aggregate signal, and L; and L. contain the signal
information.

Two such waveforms L, and L., fed from the synchro-
nous regenerator to the error detector, are shown in
Fig. 6. L. has the same polarity as the incoming signal
but is delayed in time by half an element due to regenera-
tion. Thus, the L. waveform has the A channel erect
and L, has the B channel erect. These two signals are
applied to a commutator (see Fig. 5) which, under the
control of a train of Vi, pulses occurring at 7-element
intervals and obtained by differentiating the output
from the 7:1 divider, switches waveforms L, and L,
alternately to the commutator output. Provided the
switching pulse occurs at the end of each character an
output will be produced in which both the A and B
channels are erect.

The commutator output signal M is fed to a gate which
allows the pulse train K to operate a counter whenever
waveform M is positive; the pulse train K is obtained by
differentiating waveform Cy. Since the gate opens when
M is positive, i.e. for a mark, and the counter also only
operates when M is positive, these two units are called
the mark gate and mark counter, respectively. The
counter is reset at the end of each train of seven elements
by waveform V.s. A second gate, the character-error gate,
is closed when the mark-counter output waveform is
positive. The mark-counter output is positive when it
has received three positive pulses from the mark gate;
that is, if three marks have been received in a train of
seven elements a V; pulse is then prevented from reaching
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Error pulse derived from
Vi gated by waveform O

Counter driving pulses

input signals to the regenerator are free from
error and also that traffic is being transmitted
on both channels, then, unless frame synchron-
ization is obtained, the character-error rate
recorded by the instrument has been found
by experiment slightly to exceed 60 per cent.
The automatic character phaser is essentially
a counter with a two-way drive. Operation of
the button SD removes a holding voltage from
the ninth cathode of the selector tube in the
automatic character phaser and allows the discharge to
be driven towards cathode O by the character-error pulses
P. A second train of pulses R, occurring every third,
seventh and tenth character out of each batch of ten,
drives the discharge forward towards cathode 9. If the
error rate is as high as 6 in 10, the selector tube will
eventually register 0, thereby injecting a pulse Q
to a Schmitt trigger via a delay network which ensures
correct timing. The square-wave output from the
trigger is differentiated and combined with the input
signal to the 7 : 1 divider; this advances the frame by
one element. This process is repeated until frame sync.
is obtained and the discharge in the selector tube of the
automatic character phaser reaches cathode 9 and locks
out of service. When the incoming signal is subject to
errors frame synchronization would take longer to
achieve if the errors due to vagaries in the radio trans-
mission path did not tend to occur in batches during deep
fades interspersed with groups of error-free characters.
As the signal/noise ratio deteriorates it takes longer to
obtain frame synchronization and a point is eventually
reached where it becomes impossible. However, the
error rate of the incoming signal when this occurs is so
high that the circuit would no longer be considered
workable.

One difficulty does, however, arise with this method
of synchronization when idling signals are being trans-
mitted. With a repetitive signal the 3 : 4 mark-to-space
ratio can be obtained if the ratio check is made starting
on six out of the seven elements of the idling signal.
Care must, therefore, be taken when using the equipment
in the field to ensure that frame synchronization is
initiated during the reception of traffic.

Counters
The counters are assembled as one complete unit, but



only the final stage of the character counter is displayed
through the front panel since it is only necessary to display
the thousand count. A neon indicator, mounted just
above the “‘start’” button, flashes at every tenth character
during the count to indicate that the counter is operating.
When the count is complete the neon indicator glows
continuously.

The counter units are conventional in design. A
selector tube is used in the tens-character counter-stage
to provide the pulse train R to the automatic character
phaser, and the final stage employs a 12-way selector
tube. Output signals from cathodes 1 to 10 of the
thousands-character counter-stage are taken to a count
selector switch to provide the stop pulse that closes the
input-gate driving-valve and also the pulse W to close
the character-error gate.

OPERATION OF THE UNIT

As already mentioned, the unit will work on 2-
channel and 4-channel systems. The method of opera-
tion on a 2-channel character-interleaved system has
already been described. With the system selecting
switch (SA) set in position 2. a reversals signal can also
be checked since any seven elements must contain either
3 marks and 4 spaces or 4 marks and 3 spaces. If the
first seven has a 3 : 4 mark-to-space ratio the next seven

must have a 4 : 3 mark-to-space ratio thus fulfilling the
basic requirements of a 2-channel interleaved system.

To check a 2-channel single-element-interleaved
system, the system selecting switch should be set to
position 3. This halves the frequency of the regenerator
inspection-pulse and the frequencies of waveforms fed
to the 7 : 1 divider and to the mark gate. Under these
conditions alternate elements of the incoming signal only
are regenerated, i.e. the signals from only one channel are
passed to the commutator. The commutator, under
these conditions, operates only during the frame-
synchronization process to provide a 3 : 4 mark-to-space
ratio to the mark gate so that synchronization may be
obtained. The counter display gives an answer in terms
of character-error rate since the character counter and
error counter are both driven by waveform V,. No
indication is given of the channel being checked.

Four-channel systems use a combination of character
and element interleaving, and the method of combining
the channels is as follows: A; C1 A:Ca . ... . L. . .
A;C:BiDiB:Ds L. B; D,, where channels
A and D are erect and B and C inverted. The system
selector should be set to position 1 for these systems.
The frequencies of the control waveforms are halved,
as for 2-channel element interleaving, so that the signals
of only one pair of channels are regenerated and passed
onas a normal two-channel character-interleaved signal to
the commutator, which inverts the signal
every seven elements. Again, no indication
is given of the channels being checked.

PERFORMANCE

Three monitors have been constructed
and have been in frequent use for about a
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year. During this period the design has
been improved and the units are now con-
sidered satisfactory for extended field

3l-
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trial. They have been compared with the

element-error counters used for testing

/0(

receiver performance under laboratory
conditions.” The results, shown in Fig. 7,

+

£

are of interest as they show that under
steady-state conditions the results confirm

the relationship given for detected errors.

Under fading conditions, however, assum-

CHARACTER - ERROR RATE (p)

ing that the element-error rates were in every

case correct, it is shown that the character-
error rate was less than the theoretical

value, the results for flat fading being
further off than those for selective fading.

Since precise agreement was obtained with

steady signals the error counter was

obviously working correctly. For fading-

signal conditions it was shown that the
relationship stated between the character-

error and element-error rates no longer
applies exactly. The reason for this is that
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ELEMENT- ERROR RATE (p)

Test conditions
Reversals were keved and the signal was disturbed by white noise
_. Steadv signal conditions
+- Flat fading conditions
O Selective fading conditions

Signal recerved under selective fading conditions applied to element-error counter after

synchronous regeneration
Detected errors, Pg = 7p — 33p* + 95p® — 173p* + 195p’ — 125p* — 35p°

FIG. 7—RELATIONSHIP BETWEEN CHARACTER AND ELEMENT ERRORS FOR A 3.4

RATIO CODE

the distribution of errors is different for the
various conditions. With steady signals a
random distribution of errors occurs,but
with flat fading the errors tend to occur in
batches at the trough of fades so that,
although a number of consecutive element
errors occur, this might give rise to only one
or two character errors. Better agreement
between measurement and theory was
obtained with frequency-selective fading

7



conditions because the receiver used for the tests was
designed to make use of the frequency-diversity effect
occurring under these conditions, thus reducing the
incidence of batches of errors. To ensure that the
synchronous regenerator of the monitor was having no
effect on performance, a third test was carried out where
the element-error counter of the laboratory test equip-
ment used the output signal from the synchronous
regenerator. The results obtained were the same as those
obtained with the element-error counter checking
directly the receiver output.

The character-error monitors were tested at the
London International Telegraph Office on the various
systems for which they were designed to operate. The
three monitors operated correctly on 2-channel element-
interleaved T.E.D. (Teleprinter Error Detection) systems
and on 2-channel and 4-channel systems using character
interleaving; the monitors were taken to Bearley
Radio Station for field trials. These included acceptance
testing of multi-channel equipment, comparison of aerial
systems and general-purpose monitoring. When used for
general-purpose monitoring the unit was operated by the
radio-station staff. It was used to monitor the Sydney-
London TOR (Teleprinter Over Radio) circuit; error
rates obtained at half-hourly intervals were recorded in
the station log. During the wave-change period when
two receivers operating on two different frequencies were
employed the monitor was used to select the better signal
for traffic.

It must be emphasized that a certain amount of
experience is required to operate the unit and interpret
the results accurately. The method of obtaining correct
digit synchronization has already been described and is
relatively simple when receiving distortionless signals,
but under poor-signal conditions some experience is
required to interpret the sync. indicator display.

Subsequent tests on the multivibrator stage of the
synchronous regenerator have shown that the

frequency stability is dependent on heater-voltage varia-
tion. Provided the change in voltage is kept to within
+ 5 per cent of nominal, and breaks in signal trans-
mission are not greater than 15 seconds, digit sync. will
be maintained over a number of days without attention.
The problem of obtaining correct frame sync. when
receiving idling signals could be overcome by fitting
additional units capable of recognizing the correct
sequence of marks and spaces.

If an additional commutator were provided a simple
means of separating the multiplex channels for connexion
to a 7-unit printer or an undulator would be available.
If the principle of providing each radio receiver with a
regenerative output stage were accepted, automatic
monitoring of receivers operating on error-correcting
codes would be relatively simple, as the timing signals
for the error counter could be provided by the built-in
regenerators. Frame synchronization, being semi-
automatic, could be set in motion each time the monitor
was switched to a receiver output. Counter read-out
units have also been developed which would display the
error rate for each receiver on the channel of a Foster
Recorder chart.
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Book Review

“Principles of Electronics.” M. R. Gavin, M.B.E., D.Sc.,
F.Inst.P., M.LLE.E.. and J. E. Houldin, B.Eng., Ph.D.,
F.Inst.P., AM.LLE.E. The English Universities Press,
Ltd. xii + 348 pp. 305 ill. 30s.

The co-authors of this book are the Professor of Elec-
tronic Engineering, University College of North Wales, and
the Senior Lecturer, Department of Physics, Chelsea College
of Science and Technology. The book is based on the teach-
ing and industrial research experience of the authors and is
intended to give students the general introduction to the
subject of electronics necessary for a first degree or diploma
course in physics or electrical engineering. It is stated that
the standard of mathematics required seldom exceeds that
of Advanced Level of the General Certificate of Education.

The introductory chapters are devoted to the behaviour of
freeelectrons, including their motion in the presence of electric
and magnetic fields, and ¢lectrons in matter which introduce
semi-conductors and impurity semi-conductors and form a
useful stepping stone to the later chapters dealing with
transistors and transistor amplifiers. A short study of
thermionic, secondary, photoelectric and field emission
follows with two further chapters dealing with the funda-
mental characteristics of diodes, multi-electrode valves and
transistors. The remaining 13 chapters—approximately
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half of the book—deal mainly with the use of these devices
in amplifiers, oscillators, rectifiers and switches, and include
a chapter on feedback and a useful but rather abbreviated
chapter on special valves for very high frequencies.

The main emphasis throughout the book is on funda-
mental principles and, as the authors state, “no attempt is
made to cover specific applications of electronics such as
radio, television, radar, computers, instrumentation, etc.”
To supplement the work many useful references could have
been included in the rather brief bibliography.

In some of the circuit diagrams a rather unconventional
presentation of current flow has been adopted and, although
not difficult to follow when considering valve circuits, the
newcomer to transistors may well experience difficulty when
attempting to determine the true direction of current flow.
However, the authors have managed to concentrate a great
deal of information into a reasonably priced book which is
attractively and clearly laid out with liberal illustrations. A
useful collection of 250 examples, grouped to cover each
chapter of the text, is found at the end of the book. Many
of these have been extracted from recent examination
papers of the Institution of Electrical Engineers and the
Institute of Physics. Although there is a complete absence
of worked examples, a little guidance is given to the solution
of some of the problems.

B. V. H.









apparatus unit is given two weeks’ “confidence run”
during which its gain is monitored and recorded for
one week in each direction of transmission.

REHOUSING

The gland plate has in the meantime been cleaned and
treated with zinc-rich paint. The cable glands and gland
plate are subjected to a water-pressure test of 500 1b/in2
for 24 hours by means of a special pressure test bell.
The apparatus unit when ready is mounted on its gland
plate, the brass sleeve is soldered on and the repeater
unit pressure-tested at 51b/in? with nitrogen (oxygen
free). The gas is then passed through the apparatus
unit for 48 hours to dry it out, after which the gas
filler holes are sealed off and the repeater unit is ready
for rehousing.

The seal between the gland plate and the housing is a
tongue and groove type, formed by tightening down a
projecting ring on the gland plate on to a gutta percha
ring in the circular groove in the housing. In order to
establish that the repeater unit will enter the housing
without fouling when it is finally bolted down, it is
lowered into the housing without the gutta percha sealing
ring being fitted. With the repeater unit in its housing
the tongue on the gland plate should enter the groove in
the housing, thus ensuring that the strain will be taken

entirely on the sealing ring when the repeater is finally
sealed.

When the repeater is finally lowered into its housing
the gutta percha sealing ring is fitted in the groove, and
the cup in the end of the housing is filled with a mixture
of glycerine and litharge. This mixture sets hard between
the cup and the spigot and provides the necessary support
for the far end of the repeater unit. The necessary
pressure on the gutta percha ring is obtained by a set of
bolts around the periphery which are slowly tightened
down in turn until a gap of 0-160 in. between the gland
plate and the housing is obtained all round.

On completion of the sealing-up operation the repeater
is transferred to a storage tank filled with water. The
water keeps the ambient temperature of the repeater
down to a reasonable figure when run for long periods
and also preserves the gutta percha sealing ring and the
paragutta glands and tail cables used on some of
these repeaters. When installed in the tank the repeater
undergoes a full series of tests and a six-week confidence
test. During this test the carrier-frequency gain is
monitored for two weeks in each direction of transmission
and the noise is monitored for one week in each direction.
Having undergone these tests satisfactorily the repeater is
regarded as a satisfactory spare and remains in the
storage tank, where it is routine-tested annually.

Book Review

“Linear Network Analysis.”” S. Seshu and N. Balabanian.
John Wiley & Sons, Inc., N.Y., and Chapman & Hall,
Ltd. xiv 4+ 571 pp. 268 ill. 94s.

“Linear Network Analysis” is intended for use as a text-
book in the first year of a post-graduate course in electrical
engineering at an American university, and aims at giving
a fairly thorough treatment of the foundations of network
theory from certain points of view which are currently
considered important. The starting point of the book is
well defined and is the conventional mathematical model
adopted in network theory. For this purpose a network is
considered as being an interconnexion of idealized elements,
namely, resistors, capacitors, inductors and ideal trans-
formers; the variables describing its behaviour are taken as
the voltages across, and currents through, these elements,
and the basic relations from which all else is deduced are
the Kirchhoff voltage and current laws together with the
equations relating voltage and current in the elements.
From these postulates, network theory is developed to the
point where the student is fully equipped to start reading
the technical literature on network synthesis and the more
sophisticated design procedures. None of this latter material
is included in the book.

The first four chapters are concerned with the geometry
of circuits (or, more precisely, their topology), and with
the development of the mesh and nodal equations in a logical
fashion from the Kirchhoff laws. These equations are
solved with the aid of the Laplace transform, and chapter 4
ends at the point where the conventional network impedance
functions are introduced. The next two chapters discuss,
respectively, the steady-state response and the time response
of networks, while chapter 7 describes the various relations
between the real and imaginary parts of network functions.
The initial concepts of two-port (or two-terminal-pair)

networks and the different sets of parameters used for
specifying them, with a few examples of applications, are
the subject of chapter 8. A delightful 50-page discussion
about the analytical properties of network functions, based
on energy considerations, appears in chapter 9 and this,
together with the first four chapters, forms the highlight
of the book. The remaining two chapters on feedback and
image-parameter theory, respectively, are good but relatively
uninspired.

In general content the book is comparable with Professor
Guillemin’s, “Introductory Circuit Theory,” but it is more
formal and concise. The whole treatment is essentially
mathematical, and of a level which presupposes some
familiarity with the elements of the theory of functions of
a complex variable and with Laplace transforms. A
56-page appendix serves as an extended summary of what
the intending reader should know of these topics. The
mathematical arguments in the book are carefully reasoned
and sufficiently rigorous to satisfy all but the most pedantic.
Nowhere do the authors attempt to reconcile their theory
with the behaviour of laboratory devices, and wisely so, for
the book is suitable only for those who are already well
aware of the discrepancies that exist.

Only one point was noticed which is considered to have
been dealt with badly and this is the description of minimum-
phase functions in chapter 7: this phrase was coined by
Bode in connexion with (input/output)-type transfer
functions but the authors explain it in terms of (output/
input)-type functions and never quite recover from the
confusion of sign. However, this is a very small flaw in an
otherwise excellent book; it is written with an extremely
clear style and it handles the subject in a businesslike
manner. In this reviewer’s opinion it is probably one of the
best books on the subject to have appeared within the last
decade and is wholeheartedly recommended to anyone
wishing to make a serious study of network theory.

H.J. O.
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Mechanization of the Initial Stages of Processing Mail

Part 2—Automatic Facing and Stamp Cancellation
G. P. COPPING, B.sc,AM.LEE., P. S. GERARD, B.sc.,A.M.LEE.,, and J. D. ANDREWS, A M.LEE.T

U.D.C. 681.178

Part 1 of this article described the present manual method of
preparing pillar-box collection mail for stamp cancellation and
subsequent sorting and dispatch. This was followed by a description
of the machinery at present under field trial at Southampton
sorting office that automatically separates the mixed mail into
groups of packets, large envelopes and small envelopes. It separates
the latter into groups of long items and short items and arranges
these groups into tidy stacks for further processing. The machine
designed to perform this further processing, which is also under
field trial at Southampton, forms the subject of the present part
of the article. This machine rearranges the short and long items
so that all addresses face the same way, cancels the stamps, and
groups first-class and second-class mail separately. Together,
therefore, the two machines automatically prepare small-letter
mail for sorting.

PRINCIPLE OF OPERATION

HE feature of each envelope which is used to
achieve automatic facing is the postage stamp,
whether this be adhesive, embossed or printed.
Certain items are therefore handled inefficiently by the
machine in their present form, e.g. business reply cards
which carry no stamp, and the redesign of such items
to facilitate their detection is now under consideration.
Correct operation of the machine depends upon the
stamp being affixed in the top right-hand corner; only

t Post Office Research Station.

Lower-edge Battery of
scanner upper-edge
scanners

an insignificant proportion of stamps are affixed any-
where else. Accepting this as a criterion, it is possible
to limit the areas over which each item must be searched
for the presence of the stamp by arranging the items in
the form of an evenly spaced stream wherein each is
travelling in a direction parallel with its longer edges.
If all items are so positioned there are only four instead
of eight possible corner positions in which a stamp may
appear. Square items, which appear in very small
numbers, are handled with only 50 per cent efficiency
because their aspect ratio renders it impossible to ensure
automatically that they enter the machine resting on
either the top or bottom long edge.

Possible Routing Systems

Fig. 4 illustrates a number of possible routing systems
for an automatic facing machine; all are based on the
essential requirement that items should move in single
file in a direction parallel with their longer edges. In
system A all four possible stamp corner positions are
scanned more or less simultaneously for the stamp; if
one is detected the resulting signal is stored and subse-
quently used to bring the appropriate twisting mechanism
into operation when the particular item which has
generated the signal has travelled from the scanning
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Lower-edge Battery of
stamp-cancelling upper-edge
unit stamp-cancelling
units

FIG. 4—POSSIBLE SYSTEMS FOR AUTOMATIC FACING
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and items are transported between sprung rollers as they
pass the valve, care being taken in the positioning of
the rollers at the branch to ensure that even the shortest
items (4 in. long) are positively gripped throughout the
deflecting action. Power to swing the valve blades is
provided by the main belt-driving motor via half-
revolution clutches, which are coupled to the motor
and electromagnetically released under the control of
the electronic control system described later.

Position-indicating photo-beams are fitted at various
points along the letter path. These and the reasons for
their presence are described later, but one appears
immediately before each diversion point to ensure
synchronism between the arrival of items and the
operation of the diverter.

Before transporting items past any scanning point it
is necessary to align them accurately. If this is not done
the wrong area of envelope may be examined. This
vital alignment is achieved by drawing apart the twin-
band conveyor by approximately 1in. for a distance of
about 2ft preceding each of the scanning sections,
where the conveyor has been arranged to carry the
letters resting in a vertical plane. Parting the belts for
this short run allows the items to settle squarely on to a
subsidiary horizontal belt installed closely under the
lower edges of the twin bands. At the end of the spaced
sections the bands are brought together again to re-grip
the items which by this time have all their lower edges
accurately aligned to the line of the subsidiary belt.

Segregation of First-Class and Second-Class Mail. In
order to provide for the segregation of first-class and
second-class mail, it has been necessary to modify
system D (Fig. 4) by employing two distinct systems of
scanning and by doubling the number of faced-letter
output points to provide five outlets in all. Two outlets
are for items bearing a stamp near the leading edge of
the letter, one for first-class mail (3d stamp) and the
other for second-class mail (2d stamp); a further two
are similarly provided for items bearing a stamp near
the trailing edge. The fifth collecting point is for those
items which bear no stamp or otherwise defeat the
machine.

Stamp Cancellation. Cancelling and date stamping
are effected by printing dies which rotate once for each
letter that passes. These are located in each of the four
diversion paths and are controlled by photo-beams
which are directed across each path and ensure that the
cancellation mark is located accurately on the item.
The dies are powered via a single-revolution clutch in a
similar fashion to the diverters.

Stacking is achieved by ejecting the items on to sloping
trays. The bottom of each resulting stack is supported
by a sprung plate which moves downwards under the
weight of the stack as it builds up. The effect is to main-
tain an open gap at the head of the stack into which
entering letters are free to move. Entry is assisted by a
constantly rotating star-shaped wheel.

Automatic Controls. As a precaution against the
possibility of seriously damaging mail, an automatic
machine shut-down system has been provided. This
feature is introduced by employing the numerous photo-
beams in an additional capacity. Electronic delay-circuits
are associated with each beam unit and coupled in
parallel to the main machine cut-out switch; if any
beam remains broken for more than half a second the
cut-out is automatically released.

Certain beams are employed for the further purposes
of detecting too-narrow gaps and overlong or overlapping
items. These uses will be described later.

SCANNING

Two systems of scanning are employed in the machine.
One system is photoelectric and operates in the visible
band; the other reacts to the presence of conductive
lines printed on the back of the stamps.

Optical Scanning

An optical scanner comprises a light-tight box in one
wall of which a narrow slit exists, an optical system and
light source which are arranged to project a light-spot
#r in. by lin. centrally on to the slit, and lastly a photo-
multiplier cell which is located inside the box near the
slit. The cell is wrapped in an Ilford gelatine filter to
render it sensitive only to light in the yellow-green range

(5,500 Angstréms) and is so screened from and positioned
relative to the light source that only light reflected from
whatever surface is pressed against the slit on the outside
of the box can reach the cell. The yellow-green band
is used because the percentage reflectivities of the inks
used in printing the lower denominations of stamps
have a common low value at this wavelength and stamp
signals are therefore brought to a common level.

The belt run and the boxes are so arranged that one
strand of the twin belt is routed to the rear of each of the
four scanning boxes on the table whilst the other slides
the transit items across that side of each box which carries
the slit. The slits are so sited in relation to the travelling
items that the areas of each item which are swept across
the slits are those wherein a stamp may be expected to
appear.

The size and shape of the scanning light-spot has been
carefully chosen to effect a compromise between rendering
the scanner insensitive to printing and writing and yet
ensure that some area of dense colour unrelieved by
shading will be covered by the spot as each stamp passes.

Detection is effected by noting whenever the reflected
light energy falls below a predetermined minimum, as
occurs whenever the light-spot impinges upon a stamp;
the sepsitivity of the system must therefore be very stable.
This is achieved by stabilizing both the 1.t. supply for the
filament of the light source (a 36-watt 27-volt projector
lamp) and the e.h.t. supply to the multiplier, and by
under-running the light source. This protects the light
source and at the same time prevents fatigue of the cell
by limiting the anode current to approximately 20uA.
It was also found necessary to solder the connecting wires
to the projector lamp, as the contact resistance of the
normal bayonet-socket varies widely.

Buff envelopes and other shaded envelopes reflect
strongly in comparison with stamps and do not defeat
the scanner; unfortunately, advertisement slogans, dirt
marks, etc. can do so and this is one reason for the
need to donate a special characteristic to stamps such
as the printing of graphite lines on the rear surface, as
described below.

Graphite-Line Detection

The graphite-line detector simply comprises two special
rollers between which the items pass. One is made of
some non-conductive material such as rubber and is
sprung against its fellow; the other has a core of non-
conductive material but is fitted with a number of metal
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Scanning-Signal Acceptance

Signals are omnly accepted from the permanently-
operative scanners as indicating the presence of a stamp
when what is termed a “‘stamp corner” is in view. This
“corner” is deemed to include an area measuring 24 in. X
14 in. respectively along the long and short edges from
the top right-hand corner of any item when viewed
with the long edges horizontal. Acceptance or rejection
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Notes:

1. The input sgnals on the left of the diagram are from gating beams 1-9
(see Fig, 9).

2 The outputs on the right of the diagram are connected to the shelf-store
shift registers, which are designated as follows:
0.L.E.—Optical (leading edge)
O.T.E.—Optical (trailing edge)
G.L.E. 2d) and G.L.E. (3d)—Graphite (leading edge) 2d and 3d respectively
G.T.E. 2d) and G.T.E. (3d)—Graphite (trailing edge) 2d and 3d respectively

3. Both shelf-store registers are marked and this effectively erases all signals
FIG. 10—SCANNING-SIGNAL INTERPRETATION GATES

of signals is achieved by associating two photobeams
with each scanner so that one is broken whilst the
other is unbroken when a “stamp corner” is in view.
This lessens the effect of signal imitation which occurs
frequently with optical scanners, much less frequently
with graphite-line scanners and should be non-existent
with the phosphorescent system of marking.

Scanning-Signal Interpretation

Incorporated in the signal-gating circuits of the
graphite-line scanners on the upper shelf (the second
scanning section) is a circuit for deciding whether there
is one or more graphite lines on a stamp. This was
originally achieved with a form of counter but, as ““wrap
round” of a letter on a detecting roller may prolong a
signal and cause two signals to overlap and thus give a
single continuous signal, a form of time-division test
is now used: a signal persisting for, or occurring in, a
period of 40 ms that commences 5 ms after the start
of the signal, or the preceding signal, is deemed to be
due to a second line and the appropriate shift-register
store is marked (Fig. 10). There is no need to make this
distinction for the bottom shelf as at this point only the
presence or absence of a stamp is of interest, not its value.

If optical-scanner signals are received from both the
leading edge and the trailing edge on the same side of
the item it is assumed to be a picture postcard. In this
case both optical signals are rejected. If one of the above
optical signals is accompanied by a graphite signal the
latter is accepted as authentic, because false signals
from the graphite scanners are rare.

If two optical signals or two graphite signals are
generated by a leading ‘“‘stamp corner” on one side of
the item and a trailing “‘stamp corner” on the other, then
the item cannot be faced. This rejection results in the
other edge being examined when the item reaches the
second scanning section if the original signals were
obtained on the first scanning section. If such signals
appear on the second section, rejection of the signals
causes the item to be routed to tke reject stacker.

Facilities are provided in both scanning sections for
detecting items which are moving so closely spaced
that the speed of operation of the diverters might be
insufficient to allow full operation within the gap and
so result in chopping or jamming of the items. Two
adjacent photobeams spaced 2% in. apart are employed
for this purpose: if the condition of the first photobeam
changes from light to dark while the later one remains
dark, a short gap is indicated and a circuit is provided
which causes the rejection of both letters. The rejection
system is described later.

Facilities are also provided for detecting apparently
overlong items. In view of the intention of handling
two size ranges, the detecting arrangement must be
capable of adjustment. The need to detect such items
exists because an apparently overlong item is in fact
formed by two overlapping items. These must both be
rejected to avoid misfacing one of them due to the
machine acting upon the presence of stamps on the other.

Four adjacent photobeams are coupled to provide
the facility of detecting letters over 7% in. long whilst
a fifth can be switched in to change the rejection length
to 104 i=.

Synchronous Storage of Scanner Signals
Reference has already been made to the physical
impossibility of compressing all four scanners (two
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optical, two graphite) of a scanning section into the
space occupied by the smallest letter plus its associated
gap. Consequently, in order to avoid confusion with
signals from other letters, it is necessary to store the
interpreted signals from the various scanners and beams
originated by a particular letter as they arrive and carry
them in synchronism with the moving letter until all
have arrived and an analysis can be made.

Shift registers employing cold-cathode triodes have
been adopted to provide this storage. The registers
are stepped once for every 2 in. of belt movement, i.e.
about 30 steps per second. The stepping is controlled
by a photobeam which is interrupted by a disk, suitably
drilled, that is rotated by the letter-conveyor belt.

There are six shelf stores for the second scanning
section whilst four suffice for the first, there being no
need to discriminate between 2d and 3d stamped matter
in the first section. The stores for the top shelf are
listed in the table.

Top-Shelf Stores

Detector | Signal Position Type of Signal | Interpretation i Comment

Graphite | Leading Edge | Single Signal ‘ 2d stamp I Combined
3d stamp or n
Graphite Leading Edge Morgfhjﬁ ONe  combination of segtrls(;n
& ‘ stamps
Graphite Trailing Edge Single Signal i 2d stamp | Combined
3d stamp or n
Graphite Trailing Edge Morgitgh:ari on¢ | combination of sefclils(;n
| stamps
‘ Stamp. no
Optical | Leading Edge ‘ Standard details |
: | Stamp, no
Optical | Trailing Edge Standard details |

In addition to the primary purpose of the stores
shown in the table they are also employed to record the
presence of postcards, gaps that are too short and
overlong items. The technique of signal analysis des-
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cribed later permits the registering of the above three
events by the simultaneous marking of the leading-edge
and trailing-edge optical-signal stores in the event of a
postcard appearing and the simultaneous marking of
the leading-edge and trailing-edge 2d graphite stores
in the event of either a short gap or an overlong item
appearing.

Analysis of Stored Signals

As signals issue from the various scanning-signal-
interpretation gates they are fed to the proper point in
the appropriate stepping store so that each item and
all the signals relating to it arrive virtually simultaneously
at the ends of the stores and the end of the scanning
section respectively. Analysis of the complete infor-
mation about the item is therefore possible at this point
in time and it is carried out on the basis that the graphite
sensing is more reliable than the optical so that if both
an optical and a graphite signal exist the former is
ignored. If no graphite signals are present then note is
taken of the optical. Fig. 11 illustrates schematically
how the analysis is made.

If a graphite signal is received from both the leading and
trailing edges of a letter, confusing information appears
at the analysing point. In such a case the analysing
circuits reject both signals and the letter has to be
regarded as unstamped although possibly one signal
might be authentic whilst the other might be generated
by a pin or staple inside a very thin cover.

Information indicating to which stack the letter should
be routed is forwarded by the analysing section to
further shift registers which control the operation of the
various diverters on the machine. If no information is
forwarded concerning a letter no store is marked, no
diverter operates and the letter is either directed into the
reject tray or taken in an inverted position into the
second scanning section, according to which scanning
section the letter has just passed.

DIVERTER-CONTRDL
SHIFT REGISTERS

ANALYSING GATES

!

(13
SO

o
—
m

SsRRElEN:
-
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Notes

1. The designations of the shelf-store shift registers are as indicated in Fig 10.
2. The shelf-store shift registers are stepped by signals from the signal-

iterpretation gates, as indicated 1n Fig. 10.

3. The stable states of the triggers are indicated by the letters S and NS,

denoting *“‘Stamp” and ‘‘No Stamp’’ respectively

4. The Diverter-Control Shift Registers are designated as follows:
E. (2d)—Leading Edge (2d)
E. (3d)—Leadmg Edge (3d)
E. (2d)—Traiing Edge (2d)

L.
L.
T.
T.E. (3d)—Trailing Edge (3d)

FIG 11—SIGNAL ANALYSING SECTION
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Synchronous Storage of Analysed Signals ( Diverter Stores)

Cold-cathode shift registers, identical with those
used for the shelf stores, are employed for carrying
information between analysing-circuit outputs and the
diverters. These registers also step once for every 2 in.
of belt movement so that the “‘bits” of information
remain synchronized with the movement of the letters.

Control of Diverters

In relation to the movement of the items of mail
through the machine, the associated signals in the shift
registers in effect jerk along in a series of 2 in. steps.
The letters, which flow smoothly, are therefore only
momentarily in perfect synchronism with their signals
at some instant during each step. In order to achieve
perfect synchronism between the arrival of a letter at a
diverter and the operation of the diverter, the stored
information is only used to prepare for the operation,
leaving a signal from a photobeam sited some 2 in.
in front of the diverter finally to effect operation when
broken by the letter. This system also makes it possible
to relax slightly the tight requirements regarding letter
slip in the conveyors.

A further feature of the diverter-control circuit
is that the diverter has no normal position and operates
only when necessary. This reduces the number of
operations as a diverter does not necessarily have to
restore after the passage of each diverted letter.

Due to the mechanical design of the diverter drive,
the control circuits are not automatically aware of the
position of the diverter at any instant. A photobeam
unit has therefore to be provided to transmit this in-
formation; the beam is broken in one setting of the
blade and uninterrupted in the other. The final diverter-
operate gate in the circuit is therefore controlled by
three signals, one from the shift register, one from the
letter-arrival beam, and a third from the diverter-
position indicator beam. Disagreement between the
instruction carried by the associated shift register and
the position indicator together with a signal from the
arrival beam effects change-over.

The functioning of the final scanning system is ilfus-
trated by tracing the passage of a well-spaced 6 in.
dark picture-postcard bearing a graphite-marked 2id
stamp on the lower trailing corner. As this item enters
the scanning section, beams 1, 2 and 3 (Fig. 9) are
broken in sequence. When beam 3 is broken a 10 ms
inhibit pulse is applied to the “3” gatef in the postcard-
detecting section (Fig. 10 (¢)). At this moment the three
controlling latches of this gate are open and, but for the
inhibiting pulse, the gate would open. After 10 ms,
by which time the letter has moved into view of the
optical scanner, the gate does open and prepares the
following “2” gate for opening. The 10 ms delay is
necessary to avoid a signal from the scanner resulting
from a mark on the belt being accepted as a signal from
the envelope. The slight displacement of the optical
scanning point and beam 3 is intentional so that when
the trailing corner of an item is being scanned, scanning
can be discontinued by the clearing of beam 3 before
the trailing edge of the letter clears the scan point and
allows the scanner to “look at” the belt.

Assuming that the message writing on the sample
item is very closely spaced and dark, a false stamp-

1 A device in which a signal appears on the output lead when
control conditions are present on three inputs.

signal may be generated whilst the leading corner is in
view; that is, when the leading edge lies between beams
3 and 4 and the postcard detector “2”’ gate is prepared to
open. If such a signal appears this ‘2" gate opens and
both the leading and trailing optical shelf stores are
struck at a point corresponding to the position of the
leading edge of the postcard at that moment.

The length of the card will determine whether beam 2
will be cleared before beam 4 is darkened. Irrespective
of which event occurs first, the occurrence of either will
block further flow of optical signals through the postcard-
detector circuit. When beam 2 clears, the first <2
gate in the trailing optical-scanner circuit will open,
because beam 3 will be broken and beam 2 unbroken.

From this moment until the trailing edge of the letter
clears beam 3, optical signals from the trailing stamp-
corner, which in this instance is the true stamp corner,
can flow through the second ““2” gate in the optical-
scanner circuit. When the stamp appears therefore, the
trailing-edge optical store is marked. This marking
must be such that the information is impressed on the
store level with the position of the leading edge of the
letter although the signal has arisen from a point near
the trailing edge. This is achieved by marking several
consecutive steps of the store simultaneously so that the
effective position of the leading edge lies somewhere
in the struck length of store. Attention is drawn to the
fact that this optical signal from the stamp will be
superimposed on the signal which was applied when
both optical stores were struck to indicate the appearance
of the earlier misleading signal.

Prior to the postcard clearing beam 2, beam 1 will
have been cleared and this will have resulted in the
opening of the first ““2” gate in the trailing-edge graphite-
signal-interpretation circuit (i.e. beam 1 light, beam 2
dark). From this moment until beam 2 is cleared any
“graphite” signal will pass through the second 2>
gate with the four following results:

(i) the release of a trigger designed to transmit a
pulse 5 ms later,

(i1) the marking of a section of the 2d graphite-lined
stamp trailing-edge store at a point corresponding to
the approximate position of the leading edge of the
letter, .

(iii) the momentary preparation of the third ““2” gate
to open, and

(iv) the generation of a persistent pulse of 40 ms
duration, upon receipt of the 5ms delayed pulse
mentioned in (i), which holds the third “2” gate
prepared to open.

When a second “‘graphite” signal is generated, as will
occur in this instance because the card is carrying a
23d stamp, the third “2” gate will open because it is
already prepared and because of the simultaneous
receipt of a signal along the direct path between the
two ““2” gates. This opening results in a section of the
3d graphite-lined stamp shelf store also being marked
at a point corresponding to the approximate position
of the leading edge.

As the card proceeds it will be noted whether the item
following it is closer than the spacing of beams 1 and 2
and whether the item is overlong and extends across
beams 1, 2, 3 and 4.

When the picture side of the card is ultimately viewed,
the dark picture will generate optical signals at both
ends and again the leading and trailing optical shelf
stores will be marked in a fashion similar to that already
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FIG. 12—DIVERTER CONTROL SCHEMATIC

described. In this case, however, as no graphite-lined
stamp exists on the picture side none of the graphite
stores will be marked or re-marked.

When the leading edge of the letter breaks beam 9,
all relevant information will have arrived at the ends of
the following stores: 2d and 3d trailing-edge graphite-
signal stores and leading-edge and trailing-edge optical-
signal stores. The breaking of beam 9 generates a
2 ms inspection pulse which unlocks each of the double
gates which terminate each shelf store. This allows the
gate pairs to set, one open one shut, indicating whether
a stamp signal is present or not at the end of the various
stores. The set of conditions existing on the double
gates can now be analysed by the groups of “1”, “2”,
“3” and ““4” gates forming the analysing section (Fig. 11).

For the example being considered, both optical stores
and both trailing-edge graphite stores carry signals
whilst both leading-edge graphite stores are empty.
The leading-edge 2d stamp store will therefore not be
marked, for two of the inputs controlling the ““3” gate
at the head of this store are absent. The leading-edge
3d store will also not be marked because both inputs
on the associated ““2” gate and one on the associated
“4” gate are absent. The trailing-edge 2d store will
not be marked because only one latch on the associated
““3” gate is open. However, the trailing-edge 3d store
will be marked because both latches to the associated
2 gate are open—namely a stamp indication from the
3d trailing-edge graphite shelf store and a no-stamp
indication from the 2d leading-edge graphite shelf
store. Had a single false graphite signal been generated
from the leading stamp corner on the test card the
leading-edge graphite 2d shelf store would have been
marked, with the result that neither the 2 nor the
“4” gates controlling the trailing-edge 3d diverter store
could have opened. No diverter stores would have
therefore been marked and the card would have been
designated unfaceable and directed to the reject stack.

As already stated, the diverter-control shift registers
or stores are arranged to pass information to the diverters
in synchronism with the letters. Operation of the
diverters has been described and Fig. 12 illustrates the
system schematically. Associated with each diverter
there are two double gates, one indicating the existing
position of the diverter, the other the direction in which
it should be set. Two “2’° gates react to a difference
between settings of the double gates; if there is a
difference a signal is passed through the 1 gate to
prepare the following ““2” gate for the appearance of
the leading edge of the letter when this breaks the
monitor beam. On receipt of this signal the “2” gate
opens and the diverter changes position due to the
operation of the associated release magnet, which is
energized for 10 ms.

An item diverted from the main stream by the above
action is conveyed towards the appropriate stack. In
passage to the stack it passes a cancelling die which
rotates once to leave an impression on the item as this
breaks a controlling photobeam.

CONCLUSION

The facing machine described was installed in
Southampton sorting office in December 1957 and has
handled a large part of the daily facing load of that office
for much of the time since then. The machine has been
subjected to a large number of modifications which have
improved its performance and provided the design team
with valuable information.

The satisfactory performance during the field trial has
resulted in the placing of a contract for the manufacture
of three complete segregating and facing installations
(each installation comprising one segregating unit and
four facing machines) to allow for an extension of the
field trials to include other sorting offices.
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Frequency-Modulated Voice-Frequency Telegraph Systems for
Radio Telegraph Services

C. S. HUNT, Assoc.I.E.E.T

U.D.C. 621.376.3:621.394.441:621.371

One of the shortcomings of amplitude-modulated voice-frequency
telegraph systems is the deterioration in performance caused by
fluctuations in gain of the transmission path. These may produce
either sudden or long-term changes in telegraph signal bias,
depending on the nature of the fluctuations. The use of frequency-
modulated voice-frequency (f.m.v.f.) telegraph systems largely
overcomes this, and a brief description is given of the f.m.v.f.
telegraph systems used between the London Overseas Telegraph
Terminal and Post Office radio stations for the radio telegraph
services.

INTRODUCTION

OR several reasons radio transmitting and receiving
Fstations are situated in places remote from centres

of population and, in order to control the radio
telegraph transmitters from the London Overseas
Telegraph Terminal at Electra House, voice-frequency
telegraph channels are provided to the transmitting
stations at Bodmin, Criggion, Dorchester, Leafield,
Ongar and Rugby. Similarly, v.f. channels convey to
London the telegraph signals picked up at radio receiving
stations at Bearley, Brentwood and Somerton.

A wide range of telegraph signalling speeds has to be
catered for by the v.f. telegraph channels, as will be seen
from the following list of signalling systems in use for
radio telegraph services:

(a) Morse code at various signalling speeds

(b) Start-stop teleprinter signals at 45-5 and 50 bauds

(¢) Synchronous multiplex systems having signalling
speeds from 80 to 200 bauds

(d) Hellschrieber signals at 245 bauds

(e) Start-stop data transmission signals (approximately
75 bauds in one instance).

Advantages of Frequency Modulation

The improvements resulting from the use of frequency
modulation instead of amplitude modulation for voice-
frequency telegraph systems have already been described*
for systems having 120 ¢/s spaced channels. An f.m.v.f.
telegraph system is of special advantage where the
transmission path suffers from level change and noise.
The circuits which are provided between the London
terminal and the radio stations are usually routed through-
out on audio plant to avoid the transient effects which
may occur on certain carrier and coaxial line plant.
Audio plant also normally gives a lower noise level,
except under fault conditions. However, level changes
of 4 db have been recorded on such circuits, and the
performance of amplitude-modulated voice-frequency
(a.m.v.f)) telegraph systems deteriorates in such cir-
cumstances due to bias distortion. F.M.V.F. telegraph
systems will however accept level changes of -+ 15db
without appreciable deterioration in performance and
this has two advantages: it not only gives a measure of
protection against the effects of day-to-day level changes

t Telegraph Branch, E.-in-C.’s Office.

* CartTtLEBURGH, W. F. S., GRrEEN, D., and HEywoop, A. W.
A Frequency-Modulated Voice-Frequency Telegraph System.
P.O.E.E.J., Vol. 50, p. 69, July 1957.

and against line faults resulting in noise or level changes,
it also reduces the frequency at which periodic circuit
maintenance checks need be made.

Hence theoriginal network ofa.m.v.f. telegraph systems
for radio land-line extensions is being replaced by f.m.v.f.
systems and, when the change-over is completed, there
will be about 380 channels between Electra House and
the radio stations to cater for the expanding use of
radio telegraph services.

DESCRIPTION OF F.M.V.F. TELEGRAPH EQUIPMENT
General Features

The equipment to be described is manufactured by
Siemens Edison Swan Ltd. but was originally designed
by Cable and Wireless Ltd. specifically to meet the
requirements of radio telegraph services, and some
was already operating when the Cable and Wireless
Ltd. radio stations in this country were transferred to
the Post Office in 1950. It was decided to adopt this
type of equipment to replace the amplitude-modulated
systems, as it was at that time the only type of f.m.v.f.
equipment available which covered the wide range of
signalling speeds required. There are two versions of
the equipment:

(a) Twelve-channel equipment for low and medium
signalling speeds up to 120 bauds. The channel mid-
band frequencies are spaced 240 c/s apart, starting at
360 c¢/s for channel 1 and extending to 3000 c/s for
channel 12.

(b) Six-channel equipment (five high-speed channels
and one medium-speed channel). The high-speed
channels, for signalling speeds up to 260 bauds, are
spaced 480 c/s apart, the mid-band frequencies starting
at 840 ¢/s and extending up to 2760 c/s (channels 2 to
6). Channel 1 has the same characteristics as channel 1
on the twelve-channel equipment and provides only for
medium signalling speeds (i.e. up to 120 bauds).

The equipment is housed in cabinet-type racks (Racks,
Apparatus, No. 52) adopted as a standard for radio
stations. Each terminal is composed of the requisite
number of sending or receiving channel racks, a test
rack and a power rack on which a number of power
units are mounted; these supply stabilized h.t. and
signalling voltages. In the London terminal both sending
and receiving channel racks are installed, in separate
groups, and are operated from centralized h.t. and
signalling supplies.

Each send-channel rack comprises six oscillator-
modulators, or “tone-senders,” which generate the
channel frequencies and, under the control of the
double-current telegraph signals, deviate the frequency
4+ 50 ¢/s on medium-speed channels or -+ 100c/s on
the high-speed channels. A line amplifier giving a variable
gain in steps of 2 db from — 2 to + 38 db, a 6:3 volt
heater-supply transformer and a h.t. distribution-fuse
panel are also mounted on the rack. The channel band-
pass filters are mounted at the rear.

On the receive racks the six tone-senders are replaced
by six channel receive units, otherwise the same items
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are fitted. A bias panelis also fitted which can be switched
to any of the six channel outputs to determine its con-
dition or to check for bias.

The power rack accommodates up to eight stabilized
power-units, each with an output of 500 mA, five units for
h.t. (240 volts) and three for signalling (110 volts),
together with a patching field to enable any individual
load to be switched to a spare supply unit when necessary.

The test rack layout is varied to suit the requirements of
the station, but basically it consists of a 180-point
Jjack-field through which the channel ends and audio
circuits are wired for testing purposes. The remaining
space is available for mounting six panels, which may
contain a variety of items used for testing and monitoring
purposes.

Circuit Operation

Fig. 1 shows the send and receive equipments in
block-schematic form.

l OTHER [
SEND {13
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(a) Send Channel Equipment
SPARE ) oTHER !
1 IRECEIVE
CHANNELS
L
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RECEIVE
UNIT
14 dbm -8dbm  ~15dbm (~30 MINIMUM)

-20dbm( NOTE4

(& Receive Channel Equipment

Notes:

1. On a channel outgomng from this country. this symbol represents the telegraph
transmitter at the Overseas Telegraph Terminal or at a renter’s premises. On an
incoming channel 1t represents the telegraph signal output from the radio recerver.

2. On an outgoing channel this symbol represents the drive unit of a radio transmutter,

On an mcoming channel 1t represents the telegraph receiver.

. dbm—decibels relative to 1 mW.

. On 12-channel systems the level per channel 1s the lower level shown and on

6-channel systems 1t 1s the higher level.

FIG. 1—BLOCK SCHEMATIC DIAGRAM OF SEND AND
RECEIVE EQUIPMENTS

Hw

Send Equipment. The tone-sender consists of a resis-
tance-capacitance oscillator of the Wien-bridge type.
The oscillator frequency is varied by the telegraph
signal causing a modulating valve to vary the value of
the resistive arm of the oscillatory circuit. The input
signalling voltage is limited by a series diode arrangement
so that for voltages above 25 volts the control exerted
by the modulator valve remains virtually constant. A
low-pass filter precedes the modulator valve to change
the square-wave telegraph signals so that they approxi-
mate to the ideal trapezoidal waveform, eliminating the
higher-frequency components of the original keying
waveform. Following the oscillator is an amplifier and
output-level control to adjust the tone level into the
channel send-filter. The items preceding the send filter
are shown collectively as the oscillator-modulator in
Fig. 1(a). The outputs of the channel filters are com-
moned together and a 6 db pad provides a degree of
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impedance matching between the filter outputs and the
input to the system amplifier which follows the pad.
The output of the amplifier is applied to the audio
line, and each tone is sent at — 14 dbm* for a six-
channel or — 20 dbm for a 12-channel system.

Receive Equipment. At the receiving terminal the
v.f. tones pass through a system amplifier to the receiving
band-pass filters; each separate channel frequency then
passes to a channel receive unit which converts the
frequency-modulated signals to a double-current output.
The channel receive unit includes a limiter stage in which
a bi-stable d.c.-coupled multivibrator is driven by a
preceding stage keyed by alternate half-cycles of the
incoming channel frequency. The limiter produces no
output until the signal input reaches threshold level,
approximately — 30 dbm at the unit input. Above this
level the limiter output is virtually constant and, after
amplification, the signal is passed to the discriminator.
This comprises two inductance-capacitance circuits in
series, each tuned to resonate at + 75 (+ 150)c/s or
— 75 (—150)c/s on either side of the mid-band
frequency. The first figure is for the medium-speed
channels; those in brackets are for the high-speed
channels for which the deviation is double that of the
medium-speed channels. The rectified components of the
potentials developed across the tuned circuits by the
modulated channel-frequency are filtered and added
in opposition, producing the response shown in Fig. 2.

The discriminator output voltage is applied to a
d.c.-amplifier valve which, in conjunction with a second
d.c.-amplifier valve working in antiphase, produces a
double-current signal in the output load. At a radio
station this load is the transmitter drive stage. In the

DISCRIMINATOR OUTPUT VOLTAGE

-150 -0 -50 +50 +00  +150
-7 =50 =25 cpamneL 2 +50 475
FREQUENCY ¢/s MID - BAND
FREQUENCY:
_25.
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|

Note: The frequency deviation 1s -+ 100 ¢'s for 260-baud channels and
4 50 ¢/s for 120-baud channels

FIG 2—TYPICAL DISCRIMINATOR CHARACTERISTIC

* dbm—decibels relative to 1 mW.



incoming direction, it is the receiving telegraph instru-
ment. The output voltage varies with load and, at
radio transmitting stations, the load is always arranged
to be 1500 ohms. At Electra House however, where a
variety of receiving instruments are used and where on
some circuits the incoming signals are extended to
renters’ premises, polarized relays are inserted in the
output circuit so that the standard signalling conditions
of 4+ 80 volts from a low-impedance source can be used.

An indication of the performance of the equipment is
given in Fig. 3.
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FIG. 3—TYPICAL CHANNEL PERFORMANCE

Test Equipment

To facilitate setting-up and checking the channel
frequencies a test oscillator is provided. It is of the beat-
frequency type with crystal check points at the channel
mid-band frequencies. A trimmer control is provided
for precise adjustment of the frequency, and a calibrated
dial gives a frequency range of 180c/s either side of
the mid-band frequency. The deviation frequencies are
specially marked and given “‘click” or spring-locked
positions for quick setting.

Automatic Telephone and Electric Co. Ltd. Telegraph
Distortion Measuring Sets Type 5 are provided for the

generation of low-distortion signals, the measurement
of the margin of monitoring teleprinters and measure-
ment of synchronous distortion. The same maker’s
Telegraph Distortion Measuring Sets Type 6 are also
provided for the measurement of both synchronous
and start-stop distortion. These telegraph distortion
measuring sets were manufactured with three signalling-
speed ranges covering 20-80 bauds but, to meet the
wider range of signalling speeds required, they have
been modified to cover the ranges 40-60, 85-105 and
170-190 bauds (Type 5), and 40-60, 170-190 and
alternatively 190-210 or 235-255 bauds (Type 6).
Telegraph distortion measuring sets designed by the
Post Office and covering a continuous signalling-speed
range of 40-400 bauds are available at Electra House
and also in the Telegraph Branch Laboratory for special
investigations.

Monitoring Equipment

The main items of equipment at radio stations for
monitoring outgoing and incoming traffic are the tele-
printer, the undulator, which produces an ink trace of
the telegraph waveform on a moving paper tape, and the
Hellprinter. All three are current-operated devices and
direct connexion to the output circuit of the v.f. channel
or radio receiver would impose an unusually heavy load
and affect the operation of the circuit. Hence, electronic
monitoring units termed monitoring bridges are provided
which have high-impedance inputs and low-impedance
outputs suitable for current-operated devices. The
bridge used for driving an undulator, termed a check
bridge, has a shaping circuit included which assists a
quick change-over from one signalling condition to the
other, thus helping to overcome the inertia of the pen
moving across the paper tape.

FUTURE DEVELOPMENTS
Although the equipment described has proved reliable
in operation, the power consumption and space require-
ments are ‘high. Transistor equipment when available
will reduce power consumption, occupy less than half the
present space and may also set a new standard of
reliability.

Book Review

“The Performance and Design of Direct Current Machines.”
Albert E. Clayton, D.Sc.,, A.K.C., M.LEE., and
N. N. Hancock, M.Sc., AAM.LE.E. Sir Isaac Pitman
& Sons, Ltd. xx + 516 pp. 314 ill. 40s.

This is the third edition of the book, which was first
printed in 1927. It is a textbook on d.c. machines, primarily
for students working for B.Sc.(Eng.) degrees and Higher
National Certificates. In this new edition, based on the
rationalized m.k.s. system of units, certain sections have
been re-written or amplified, and many illustrations re-
placed by modern examples.

The book commences with eight pages defining the various
symbols used in the book. The first seven chapters deal
very clearly, and in considerable detail, with the construction
and theory of operation of the various parts and windings
of d.c. machines, and with armature reaction, losses and

commutation. Two chapters cover the load characteristics
of motors and generators, whilst three others describe the
methods of speed control and testing.

There is an interesting chapter on special machines which
includes most of the less common types, amongst which
are balancers, the continuous-current generator, welding
generators, metadyne, amplidyne and magnicon. Adequate
information on the practical mechanical details of d.c.
machines is given, and the complete design theory is
covered in the last five chapters. At the end of the book
there are 167 examples covering every chapter, many of
these examples being from London University and I.E.E.
examination papers. Answers are given to all the numerical
problems.

The book is well written, and very clearly printed and
illustrated and will be of considerable value to engineers
and students.

R.S.P.
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The Design and Testing of Semi-Permanent Metallic Contacts
for Use at Low Voltages”
ALAN FAIRWEATHER, msc.. Ph.D., AM.LEE., and E. J. FROST, AM.LEE.

U.D.C. 537.311.4:621.3.066.6

The importance of surface contamination and the effects of different

environments on various types of contact are discussed. Methods

of contact testing including the use of artificial atmospheres to
produce accelerated deterioration are also described.

INTRODUCTION

HE design and testing of a contact device for use

in a particular circuit involve the specification and

measurement of contact resistance. Unfortunately,
this quantity is probably more widely misunderstood and
wrongly measured than any other in electrical engineer-
ing. Two points must therefore be clearly established:
first, a single measurement of the resistance of a single
contact does not necessarily provide any useful informa-
tion, especially regarding the behaviour of the contact
during its life, and second, the behaviour of a single
contact is not necessarily typical of the metal from which
it is made.

Surface contamination by poorly conducting material
is the main factor in any problem concerning the use of
contacts at low voltages. Such contamination may
consist of dust, grease or films produced by adsorption
or corrosion. The applied voltage is regarded as “low”
if it is too small to initiate conduction by any process
analogous to breakdown. A contact which behaves as
a disconnexion at a certain low voltage may still be able
to provide a connexion if the voltage is raised sufficiently
to break down the contamination. A measurement of
resistance made subsequently at the low voltage may,
however, be a record only of a condition obtained at the
higher voltage. It is therefore essential, in testing, to ensure
that the applied voltage never exceeds that at which the
measurement is to be made. The test voltage will usually
be either the minimum which is ever likely to be encoun-
tered in practice or a lower voltagerelated to this minimum
by some arbitrary factor. A suitably low upper limit for
most communication purposes is 0-1 volt.

An important structural difference often exists between
“light’” duty contacts, required perhaps to transmit “low”
voltages and a negligible amount of power, and contacts
required to perform “heavy” duties. The distinction
in duty is roughly that between situations in which
millivolts and milliamperes are involved and in which
failure takes the form of disconnexion or noise, and
situations in which amperes and inductive loads are
involved and in which failure is a consequence of erosion.
For light duties, in the interests of economy, plated
contacts are frequently employed: they would not,
however, in general have an adequate life for heavy-
duty work. By implication, therefore, although not
always explicitly stated, practical interest in materials
for low-voltage contacts is largely directed towards base
metals or plated coatings on base metals. Two aspects

* Taken from the paper of the same title presented by Alan
Fairweather and E. J. Frost to the Third Electronic Industries
Association Conference on Reliable Electrical Connexions held
in Dallas, Texas, December 2, 3, and 4, 1958. Dr. Fairweather is
a}t1 the Post Office Research Station and Mr. Frost was formerly
there.
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of the behaviour of such coatings thus present them-
selves: first, the intrinsic properties of the coating metal,
supposing that it could be made to provide a near-
perfect coating; and second, the properties of a practical
coating, which may have imperfections resulting from
thinness, non-uniformity, porosity or poor adhesion.
These considerations inevitably influence the choice of
testing procedures. For instance, hydrogen sulphide
is a well-known cause of the tarnishing of silver contacts,
but an accelerated test involving hydrogen sulphide
might not necessarily provide the best means of testing
silver-plated contacts.

CONTACT RESISTANCE

Practical Significance

Considerations of contact resistance often lead, quite
rightly, to the conclusion that if this resistance does not
exceed, say, one hundredth or even one tenth of the series
circuit impedance, then all will be well. If the circuit
impedance is 100,000 ohms, then the contact resistance
could be 1,000 ohms. This conclusion does not, how-
ever, afford any justification for specifying, without more
ado, that the contact resistance shall not exceed either
this value or an arbitrary fraction thereof if some hypo-
thetical factor of safety (or ignorance) is invoked. In
practice, an exposed contact having a resistance of an
order greater than that corresponding to metallic
contact (milliohms) is likely to be in an unstable state and
in a process of transition to disconnexion. Considera-
tions of circuit impedance are not therefore relevant to
the specification of contact resistance. Furthermore,
whereas a contact resistance of higher than metallic
order almost certainly implies instability, one of metallic
order does not necessarily imply stability. The initial
magnitude of a contact resistance is not, for instance, a
reliable guide to its future magnitude. Information of
this kind can only be derived from experiments in which
the contact is subjected to natural or simulated atmo-
spheric attack. The object of contact design should be to
ensure that contact is initially metallic and that it remains
so throughout the required life of the contact. The aim
of contact testing should be to ascertain whether this has
been achieved.

Environments

A contact may be required to spend its life in any of a
variety of environments. On the one hand, it may be
located in an atmosphere which is free from impurities
of the kind found in industrial or marine towns. It may.
additionally, be housed in a heated room and be provided
with a dust cover. Moreover, both these enclosures may
themselves be free of sources of contamination. On
the other hand it may, either by accident or by design,
be freely exposed in an industrial or marine atmosphere
of high relative humidity. In between these extremes
there are many environments intermediate in severity.

Corrosion films result from a reaction between contact
metal and environment. An environment may be



““natural” in the sense that it is one in which the contact
will spend its working life. Alternatively, it may be
“artificial” in the sense that it is one prepared specially
for test purposes. Its temperature, relative humidity and
pollution concentration may have been given values,
either separately or jointly, greater than ‘‘natural” in
order to accelerate deterioration.

Experience shows that in industrial areas atmospheric
corrosion is brought about mainly by oxides of sulphur
and, in particular, by oxides of sulphur in the form
produced by the combustion of sulphur-containing fuels.
Since sulphur dioxide is by far the major constituent, it is
convenient and usual to describe natural and artificial
atmospheric pollution in terms of sulphur-dioxide
content. In doing so it must be remembered that sulphur
dioxide when pure is a less potent cause of corrosion
than it is when associated with other products of com-
bustion, notably sulphur trioxide (this difference is,
incidentally, very marked with textiles).

It is well known that metals differ widely in their
resistance to chemical attack and, correspondingly, in
their resistance to atmospheric corrosion. Only gold
and certain members of the platinum group can, for
most practical purposes, be regarded as completely
corrosion-resistant. It is also well known that atmo-
spheric corrosion can result in two different types of
attack, described respectively as tarnishing and humid
corrosion. Tarnishing can occur in air which is nearly
dry, whereas humid corrosion ensues when the relative
humidity exceeds a certain critical value. This value is
about 70 per cent for copper or nickelin air contaminated
with sulphur dioxide. The nature of the surface layer
resulting from each type of attack is very different.
Tarnishing produces a thin, fairly uniform, poorly-
conducting film, whereas humid corrosion produces a
relatively thick, patchy and also poorly-conducting film.

Films due to tarnishing usually consist of semi-
conducting oxides or sulphides or of mixtures of both
constituents. Such films are most commonly encountered
with silver and copper and with alloys containing them.
The contact resistance associated with these films
decreases rapidly with temperature and, therefore, with
voltage. Breakdown can thus be brought about by a
cumulative process once heating has become significant.
Films due to humid corrosion in industrial environments
usually consist of sulphates, while in predominantly
marine environments they usually consist of chlorides:
nitrates and carbonates are rare. The contact resis-
tance associated with such compounds is sensitive
to condensed water. In the absence of condensation the
contact resistance is likely to be high and less dependent
upon voltage than that corresponding to semiconducting
compounds. In the event of initial condensation and
subsequent drying-out. the contact resistance will
increase.

The mechanical properties of the surface barriers
produced by the various types and conditions of
corrosion product are correspondingly different. Humid
corrosion with condensation leads to the most readily
penetrable barriers. Tarnishing and humid corrosion
with drying-out lead to more robust barriers. Tarnish
films, although likely to be intrinsically stronger, are
much thinner than the products of humid corrosion.

Surface Distributions

In general, the properties of a corroded metal surface
vary from point to point in the surface, and information

derived from a single region on a specimen or from a
single contact structure is not necessarily representative
of the behaviour of the metal in a particular environment.
The exposure of a metal surface to natural or simulated
atmospheric attack thus leads to a distribution of surface
properties and the form of this distribution varies for
different rates and types of corrosion. If, as in accelerated
life-testing, a comparison has to be made between data
relating to distributions which are essentially different in
form, then a choice of procedure presents itself. A
detailed statistical analysis can be performed or, more
simply, attention can be confined to one fraction of the
test data, defining properties in a particular range or
class. This class might be, for example, the one which
from an engineering point of view implies either very
good or very bad behaviour.

Classification of Contact Resistance
The surface property of practical interest is contact
resistance for specified combinations of shape and force.
Experience shows that contact resistance can conveniently
be classified in orders of ten as shown in Table 1.
TABLE 1
Classification of Contact Resistance

Class
g l w x |y ' z P
1 )
i
0-01 0-1 ‘ 1-0 10 ‘
Range (ohms)| <0 01 . >100
0-099 | 0-99

99 ‘

The class designations “g” and “p” may, perhaps, be
regarded as indicating “good” and ““poor” respectively.
For the best work, the g-class is the most significant one
and interest is centred on resistance changes within this
class and, in particular, from values less than, to values
greater than, say, five milliohms. For other work, for
instance some of that described in this article, it suffices
to ignore the g-class and to include in the w-class all
resistances less than a hundred milliohms.

Accelerated Deterioration

In specifying an environment for accelerating deteriora-
tion, several decisions have to be made. It is necessary,
first, to decide upon the type of environment—industrial,
marine or tropical—to be simulated. At the same time,
it is necessary to determine roughly the extent to which
deterioration is to be speeded-up. Then if, say, an indus-
trial type of environment is chosen, it must be decided
whether it shall be one which produces tarnishing or
humid corrosion and, if humid corrosion is selected,
whether or not there shall be condensation. Finally, it
must also be decided whether acceleration is to be brought
about by an increase in pollution or in temperature, or
by a combination of both. If the preferred environment
is similar to one also used in corrosion-testing for other
purposes, then so much the better.

It seems reasonable to suppose that contact structures
of the kind which remain closed during life are likely to
be most severely attacked in the presence of condensa-
tion. It may also be reasonably assumed that structures
which may be disturbed either accidentally or inten-
tionally, and need to make a fresh closure at any time
during their life, are likely to be most adversely affected
by the more rugged films produced in the absence of
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condensation. Consequently, structures intended for
general use should be required to behave satisfactorily in
both conditions.

The likelihood of meeting both conditions in one type
of environment, such as the industrial type, suggests the
use of a pair of test chambers. The atmospheric pollution
and temperature in each would be the same but, super-
ficially, the interior of one would be wet and that of
the other dry. Closed structures would be exposed in
the ‘““wet” chamber and open structures would be
exposed in the “dry” one and subsequently closed once
only for the measurement of resistance. But if con-
tinued usage were to show that one of these tests were
always the more severe, then the less onerous one could
be abandoned. It is not unlikely that testing would
confirm that, almost always, a smaller force is needed to
maintain a satisfactory connexion than to produce it.

Experience suggests that data relating to accelerated
deterioration in an industrial type of environment are
the most generally useful. Pollution of the artificial
atmosphere by oxides of sulphur is best produced by
the combustion of a sulphur-containing fuel such as
coal-gas enriched with carbon disulphide vapour. For
work at “‘room” temperature (say 20°C), a suitable
concentration of oxides of sulphur, as measured in the
atmosphere and reckoned as sulphur dioxide, is about
20 parts per million. This is about 20 times that en-
countered in the most highly polluted “‘natural” atmo-
sphere found in an industrial town.

If an increase in temperature is also used as a means
of acceleration, then enrichment of coal-gas may be
unnecessary. If the wet chamber could be dispensed
with, the possibility presents itself of devising a very
simple test procedure employing only open structures
and based on the use of a commercial gas convector-heater.
The main combustion products from such a device are
carbon dioxide and water vapour with small amounts
of oxides of sulphur and nitrogen. These would provide
an atmosphere which is not outrageously different from
those encountered in service. The ready availability of
such heaters would facilitate the provision of test
equipment.

Contact testing is frequently done with the object of
assessing the relative merits of several different models
of the same device. The order of preference may well
turn out to be the same, irrespective of the test environ-
ment. This is not surprising, and advantage can often
be taken of such results to reduce the work involved in
testing. It cannot, however, be assumed that this will
always obtain. For instance it is well known that, simply
as a protective coating, zinc is better than cadmium in an
industrial environment, whereas it is worse in a marine
one. It also follows that the relative severities of different
environments may appear very different when assessed
with respect to their effect on different combinations of
contact metals.

CONTACT WETTING

The electrical breakdown of a corrosion film does not
necessarily result in a contact resistance of the same
order as that associated with simple metallic contact.
The final resistance achieved after initial breakdown
depends upon the current which has been allowed to
flow. Milliamperes might suffice to attain a resistance
of tens of hundreds of ohms, but tens of amperes might
be necessary to reduce the resistance to one-tenth of an
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ohm. Electrical and mechanical breakdown are not
therefore equivalent, but in practice they can be employed
in a complementary way. ‘“Borderline” situations exist
in which an otherwise unsatisfactory contact can be
made serviceable by the superposition of a steady current
of a few milliamperes drawn from a supply having a
potential of several tens of volts. This technique is useful
in telephone work and is usually known as ‘“wetting.”
It is not, however, always applicable or desirable. It is
frequently essential with silver contacts at forces of the
order of a few tens of grammes. For a worthwhile
improvement to be obtained, the open-circuit voltage
should not be less than about five volts and the closed-
circuit current should not be less than about one milli-
ampere. In practice, a wetting current of five milliamperes
from a 50-volt exchange battery is frequently used.

CONTACT CONSTRUCTION
Operational Hazards

A broad distinction exists between the following two
classes of hazard which are usually involved in contact
operation:

(a) Basic design hazards which are always present and
arise as a consequence of a reaction between contact
metal and environment. Film growth by adsorption,
tarnishing, or corrosion is a hazard of this class.

(b) Random catastrophic hazards of the kind which are
either outside the control of the designer or which cannot
reasonably be accepted as basic design hazards because
it is impracticable (but not necessarily impossible) to
secure immunity from them. The deposition of particulate
material such as dust is a hazard of this class; so also is
the occurrence of a flaw in a plated coating.

Basic hazards are, or should be, much more important
than random ones and, in contact design, first attention
should be given to overcoming them. Their effect, for a
given material, depends primarily on contact force and
shape. With low voltages and fixed total force, contact
multiplication with its associated force subdivision may
be desirable in systems subject to random hazards but,
ideally, it is only permissible if the force per contact
is sufficient to overcome the basic hazards. Thus, the
means by which the effects of basic and random hazards
are reduced are mutually opposed and, in practice,
compromise is necessary. For a specified quality of
service and a limited total force there is, in principle, an
optimum number of contacts. More will increase the
effect of the basic hazard by a greater amount than they
reduce the effect of the random one and conversely.

Contact systems can be classified in a corresponding
way: a basic hazard only is involved in a properly de-
signed plug and socket, but both basic and random
hazards are involved in an exposed relay contact.

In passing, it is desirable to mention briefly and without
classification three rather subtle, incidental hazards.
Onlv the first of them is specifically associated with
contacts, but the others can be encountered in contact
devices. With one exception, they are all sensitive to
environment and arise because contact members require
insulation and are often closely spaced.

The Effect of Organic Vapours. 1t has long been known
that contact behaviour can deteriorate seriously in en-
vironments containing organic vapours. These vapours
may be burned as a result of arcing or sparking. The
consequences can be excessive erosion, carbonaceous
deposits and increased contact resistance. In the



absence of arcing or sparking, such vapours may also be
polymerized as a result of contact sliding. The conse-
quences can be surface contamination and high contact-
resistance. Significant concentrations of organic vapours
can be produced in sealed enclosures containing certain
organic materials. These materials may be insulation
of the kind, for instance, associated with relay coils, or
they may be in the form of paint. Phenolic materials and
paints not free from solvent are particularly undesirable.

Silver Migration. 1t is also well known that silver can
migrate through certain insulating materials and give
rise to poor insulation. The effect is, perhaps, most
apparent with phenol formaldehyde-type and alkyd-type
resins. It is accelerated by an electric field, by small
electrode separation, by high relative humidity and by
atmospheric pollution with sulphur dioxide and, possibly,
hydrogen sulphide. Imperfect curing has a similar effect.

Whisker Growth. Experience has shown that metallic
surfaces can produce both metallic and non-metallic
whiskers. Several metals, including, for example, zinc,
cadmium, tin, and their alloys, can produce metallic
whiskers the growth of which is not very sensitive to
environment. Silver can produce such whiskers in the
presence of an electric field. Silver and copper can also
produce sulphide whiskers in the presence of insulating
material containing sulphur. Metallic whiskers have
been known to attain lengths of the order of one centi-
metre and can introduce unwanted connexions having
resistances of a few hundreds of ohms between com-
ponents. Sulphide whiskers are much shorter and a less
likely source of trouble. Exploratory experiments have
been done on some specimens of this latter type of
whisker discovered on silver-plated jack-springs. The
results were as follows:

A piece of gold leaf was lightly pressed against the
whiskers and the resistance between leaf and spring was
measured. The value obtained was, however, unstable,
and efforts to determine its variation with temperature
were unsuccessful. An increase in applied voltage
produced a decrease in resistance and vice versa. Actual
values could not be reproduced, but a voltage cycle high—
low-high invariably brought about a resistance cycle low—
high-low. In these tests, the low voltage was 1 millivolt
and the high voltage 4 volts. The corresponding resistance
values were about 1 megohm and 50 ohms. Tests werealso
made for rectification effects: at 4 volts, a reversal of
current-flow caused a change in resistance. In some
instances, this change corresponded to a factor of three,
but more often it was masked by fluctuations.

Materials and Forces

It has been emphasized that the object of contact design
should be to ensure that contact is initially metallic and
that it should remain so throughout the required life of
the device. It has also been recognized that this desirable
target has frequently not been reached in the past and is
unlikely always to be reached in the future. It has also
been stressed that the attainment of an adequate quality
of service has often relied and may continue to rely on
the use of voltages large enough to secure some measure
of electrical breakdown or “‘self-wetting”” or on the
provision, either intermittently or continuously, of
separate wetting arrangements. In any guide to contact
design it is therefore necessary, however repugnant it
may be as a matter of principle, to take account of two
kinds of contact which can be described, somewhat
loosely, as “metallic”” and “wetted”” respectively.

The information in this section is essentially a state-
ment on the contact design of plugs and sockets. It is
based partly upon experience with existing designs and
partly upon recent experiments carried out on copper,
brass, nickel-silver, stainless steel, gold and silver. The
primary object in these experiments was to ascertain the
effect of oxygen and of sulphur compounds on contact
behaviour.

Tvpe of Contact Required. The desirable contact force
depends upon the electrical conditions and requirements
of the associated circuit. In some circuits, for example
amplifier-input circuits, the power handled by the contact
is very small, so that in order to establish a connexion
any films present on the contact surfaces must be pene-
trated entirely mechanically. In others, for example
telephone switching-circuits, the film is also subject to
electrical breakdown. Thus, two types of contact can be
recognized:

Type (a), which relies on contact force and shape to
provide metallic contact (despite the possible existence of
films).

Type (b), which depends upon a combination of
mechanical and electrical breakdown.

It is evident that the first type is the more difficult to
design and more costly to make. For both types a high
reliability is commonly expected, in the sense that the
probability of a contact having a resistance greater than,
say, 10 ohms must be very low (1in 10*?). For type (a)
contacts this criterion usually necessitates a force
sufficient to ensure that at least 90 per cent of the contacts
have a resistance of less than 100 milliohms. For type (b)
it requires that the majority of the contacts have a resist-
ance of less than 1 ohm. As the value of maximum
tolerable contact resistance is reduced, it becomes
increasingly necessary to use type (a) contacts, unless the
current handled is very high, i.e. of the order of 1 ampere.
Contact-noise (especially microphonic noise) require-
ments may also necessitate the use of metallic contacts.

Protection of Contacts. With a given component of
sound construction, reliability depends upon the main-
tenance of metal surfaces free, or nearly so, of tarnish
films and corrosion products. In turn, this depends upon
the working environment and, generally speaking, this
can be improved by restricting the flow of air and dust
near the contacts. In particular, contacts which are
normally open should be protected by simple covers.

There is evidence to show, as would otherwise be
expected, that hard surfaces such as hard rhodium plate
are more susceptible to dust faults than are soft surfaces
such as soft gold. Particulate material, even if crushed,
remains on a hard surface, whereas it is submerged in a
soft one.

Design. The overall shape of the contacts is primarily
determined by the desirability of concentrating the
available contact force into a limited apparent contact
area. For example, plate contacts can be made less
susceptible to dust and film debris by doming one plate
to form a contact pip, or one contact member may be
formed from round wire. No long-term advantage can
be gained by the use of sharp edges or points. If electro-
plated contacts are used, smooth contours and relieved
edges are required, for otherwise the basis metal may be
prematurely exposed.

In the absence of comprehensive data, it is sometimes
difficult to decide whether, with a fixed overall force, it is
better to use single or independent multiple contacts.
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The principles involved have already been discussed.
For ordinary base metals and silver, single contacts are
better for plugs and sockets, particularly if metallic
contact is required. Twin contacts are, of course, suc-
cessful in telephone relays.

A wiping action is essential to all types of contact.

Typical Data. Possible combinations of contact metal
and force are shown in Table 2. In this table it has been

TABLE 2
Combinations of Contact Metal and Force Required for Reliable
Contact
Type (b) Contacts (open-cir-
Type (a) Contacts (metallic) cuit voltage > 5V: closed-
circuit current >1 mA)
Metal ‘ Force (grams) | Metal } Force (grams)
|
Gold | 30 Silver 30
Palladium 30 Nickel-Silver 100
Platinum 30 Brass 100
Rhodium (see text), 30 Nickel 100
Silver i 300
Nickel-Silver j 1,000
Brass i 1,000
Nickel ’ 300

assumed that reliable contact (as already defined) is
required over a period of years in industrial atmospheres
and that each connexion is made by a single contact,
both members being of the same material. It is also
assumed that the contact design is in accord with the
principles outlined earlier, the dimensions approximat-
ing, say, to those of a hemisphere of radius 1 mm.

The specification of forces for reliable contact opera-
tion is not an easy matter. Any material left long
enough in a suitably adverse environment will, for
several reasons, become unserviceable for all reasonable
contact forces. Noble metals such as gold, platinum,
palladium and rhodium are, for most practical contact
purposes, almost entirely corrosion resistant. Exposure,
however, of the kind encountered in service, and in the
absence of sliding, results in the formation of surface
films which are often visible as a “bloom”. They seem
to consist only partly of dust, and their mechanical
behaviour is rather like that of a grease. They do not
form to the same extent on all metals; their effect on
contact behaviour is adverse and similar in kind to that
of films produced by corrosion. They differ however
in one important respect from corrosion films; most
of the film can usually be rubbed-off with a dry cloth.
When this is done, there is, from a practical point of
view, little to choose between the metals mentioned.
But if it is not done, and if good behaviour on a first
closure is all-important, then large differences are at
once apparent.

The data in Table 2 relate to contacts which have been
serviced to the extent of being rubbed with a dry lint-
free cloth. If, however, they have not been so treated,
the situation is very different. Of the plated finishes,
rhodium will not provide 90 per cent w-class contacts
for any reasonable force. Gold continues to do so at
30 grams, and palladium will also do so if the force is
raised to 100 grams. No material is known which is
superior to gold for use at low voltages. The behaviour
of silver is, for several reasons, somewhat variable and
little influenced by rubbing with a cloth. The minimum
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force quoted in the table is rather complimentary: in
conditions conducive to severe tarnishing, silver will
not provide 90 per cent w-class contacts for any
reasonable force. Other experiments have shown,
however, that silver-sulphide films tend to break down
if the force is maintained for a long period (days). For
this additional reason, silver is likely to be much better
if the contacts remain closed during their working life.

Concentrated forces higher than 30 grams are not
desirable with rhodium, especially if the contact is
vibrating.

The forces quoted for brass, nickel and nickel-silver
are considered sufficient to break down the oxide films
which develop when these metals are exposed to air.
Such films become significant in a period of weeks and
provide some protection to the metal. It must be em-
phasized, however, that, under conditions of high
humidity, complete failure may result even if the force is
high (1 kg) and the voltage large (330 volts). As a
working rule, contacts of these metals are not suitable if
easily visible tarnishing is probable.

Copper contacts do not appear to offer any advantages
over those of, say, brass if the current is limited to milli-
amperes. When oxidized at 200°C, they show a much
higher breakdown voltage (50 volts) than brass or nickel-
silver contacts, and this difference may persist at lower
temperatures.

Some work has recently been carried out on contacts
of stainless steel and of chromium (plated). These
metals rapidly form a highly protective oxide film and in
this respect are similar to aluminium. Both require large
contact forces, and, of the two, stainless steel appears the
more promising. Thus, on a sample of a particular molyb-
denum stainless steel the contact behaviour was not modi-
fied by long (years) exposure in a “wet” (industrial)
chamber. It formed a reliable type (b) contact at a force
of 300 grams.

The successful use of stainless steel in practice evidently
depends upon the setting-up and maintenance of high
contact-forces. The wide manufacturing tolerances at
present used on, for example, silver-plated contacts would
be quite unsuitable for those of stainless steel.

CONTACT TESTING
Aims and Requirements

Contact studies are undertaken with a variety of aims.
For instance, the ultimate objective may be the provision
of a contact device. Alternatively, there may be no such
practical end in view, and the objective may be the solu-
tion of a problem in surface physics. Practical contact
testing is usually done for one of two purposes, either to
obtain basic data relating to materials and forces
necessary to the design of a new contact device, or to
ascertain the behaviour of an existing device. This
behaviour depends, amongst other things, on the choice
which has been made of material and force, so the tests
required are similar to, but more limited in scope than,
those involved in the collection of basic data. Tests for
this purpose are best done with elementary structures
such as crossed-rods or hemispheres-on-planes. But
whatever the purpose of practical testing may be, it
needs to be related to the conditions encountered in
service.

Contact service falls into one of two classes, according
to whether the contacts spend most of their life open or
closed. All contacts deteriorate electrically as a conse-



quence of environmental attack. They
may also do so as a result of mech-
anical wear, if intermittent operation

TRACTION
CONTROL

is involved. Intermittent operation
may be a design feature or it may be
an accidental consequence of disturb-
ance. A metallic connexion should
be obtainable on a first closure at
any time in the specified life of the
contact and it should be continuously
maintainable for the whole of this
life. Resistance tests are necessary
therefore with contacts exposed both
in the open and closed condition in

appropriate environments. Such tests
should be preceded (not followed) by
any mechanical wear treatment or
*conditioning” which is necessary.

This may be either a few operations LIEY

performed in order to detect springs
worked beyond their elastic limit, or
it may be many operations corres-
ponding to the number expected in
service multiplied by some arbitrary
factor of “‘safety.”

The essential information needed
for a material is simply a statement
of the way in which, for a typical
contact shape, the change in contact-
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resistance distribution with life
depends upon contact force. When
practical applications are in view,
less comprehensive data often suflice,
the information required being, per-
haps, a statement of the force needed to ensure that, during
life, not more than a certain fraction of a set of contacts
shall have a resistance greater than that corresponding
to metallic contact, say five milliohms. Interest is, of
course, centred on the (possibly few) potentially bad
contacts and not on the good ones.

Techniques and Apparatus

Information is required for a closed structure affected
by condensation, and for the first closure, both with and
without wipe, of an open structure not affected by
condensation. The closed structure is of the crossed-rod
type illustrated in Fig. 1 and not less than ten are used
at each force. The material being studied is in the form
of wires welded or otherwise attached to supporting
springs. The contact force can be adjusted by means of
a screw. With the necessary exception of the contact
region, the metal parts of the structure are protected by
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CROSSED WIRES FORCE-ADJUSTING SCREW

BASE PLATE
FIG 1—CROSSED-WIRE TYPE OF CONTACT HOLDER

ELEVATION WITH PLATE CLAMP REMOVED

FIG. 2—CONTACT BALANCF

paint. The open structure is of the hemisphere-on-plane
type, and only the plane portion is exposed to atmo-
spheric attack. The plane is a plate usually 2 in. long,
1 in. wide and about £ in. thick; it may be solid or plated.
The hemisphere is nominally clean and is about 4 in.
or }in. in diameter. It is of the same material as the
surface of the plate. For any normal force, there are
only two practical situations of interest: one is when
wipe or surface traction is absent and the other is when
the tractive force is unlimited. Two measurements of
contact resistance are made in succession, therefore, at
each test-spot. The first is on closure and the second
after wiping. For each load or normal force the test-
plate is sampled at a hundred spots distributed more or
less uniformly over the surface of the plate. A similar
procedure is followed in the collection of data for the
wetted type of contact.

The contact resistance associated with any spot on the
surface of the plate can be measured for various com-
binations of normal force and surface traction force with
the aid of the contact balance shown in Fig. 2. This
device is an example of the use of intrinsically stable,
three-legged structures in contact research. The balance
is essentially a tripod, one leg of which constitutes the
test probe and the other two serve both as pivot and
slider. The tripod can be loaded on both sides of the
pivot legs and can be lowered gently towards the speci-
men plate by means of the knob-operated lift-pin and
cam. It can also be dragged parallel to the surface of the
specimen plate, either by means of the knob-operated
traction-screw or, if a knowledge of the tractive force is
required, by means of a weighted cord over the traction
pulley.
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Developments are in progress in the authors’ labora-
tory as a result of which it is hoped to supplement and
for some purposes to replace the manually-operated
contact-balance by a fully automatic device. When
associated with automatic measuring apparatus, it
should make the whole process of collecting basic
design-data almost entirely automatic.

For components the general procedure is essentially
the same. Interest is again directed towards the worst
situation which can arise. The detailed technique may
therefore depend on the knowledge available regarding
mechanical tolerances imposed in manufacture and also,
perhaps, on the number of specimens supplied for
examination. For instance, consider a socket (e.g. in a
valveholder) intended to accommodate a plug (e.g. a
valvepin) and let it be supposed that limits have been
specified for the diameter of the pin. The most adverse
combination of circumstances is encountered when a
socket has been subjected to repeated insertions of a
maximum diameter pin and is then required to make
contact with a minimum diameter pin (if limits have also
been specified for the aperture of the socket, then
consideration must be given to the possibility that a
socket initially of minimum aperture may be more
adversely affected by such mechanical ‘“conditioning”
than one initially of maximum aperture).

Thus, when mechanical tolerances are known, the
worst situations can be assessed immediately. If data
have already been collected for the materials employed,
then only a measurement of normal (not withdrawal)
force is necessary. Otherwise, tests are done, using for
the plug clean dummies specially selected or made (from
similar material) instead of a production item chosen at
random. A set of dummies joined by a flexible lead is
used for a multi-way closed structure: the results are
then truly representative of the contact members and are
not influenced by inaccuracies in the relative spacing of
pins and sockets. One dummy, used repeatedly, suffices,
of course, for a multi-way open structure.

If, however, no mechanical tolerances have been speci-
fied, then production items are used at all stages in the test
and in sufficient quantity to ensure that the worst
situation has been identified and its significance assessed
correctly.

In the routine practice of component testing, as well
as in the collection of design data, no opportunity is
lost in the authors’ laboratory to obtain information
of more general or basic value than that needed for the
solution of an immediate problem. One aim is always
to relate the results of accelerated and natural corrosion;
another is to develop the simplest possible test-procedure.
Accordingly, whatever the objective of the work, not
less than four sets of specimens are employed so as to
provide one set of closed structures and three sets of
open ones. The closed set is exposed in a ““wet”” industrial
chamber and one open set in a “dry” chamber; another
open set is exposed in the laboratory and the remaining
open set in an experimental ‘‘gas-fire’’ chamber.

When testing specimens involving, say, a hundred test
contacts, it is convenient to use a multi-point selector
switch of the kind used in the Strowger system of auto-
matic telephony. The contacts of such a switch must, of
course, be above reproach and to this end both wiper
and bank contacts are gold-plated. The bank-contact
assembly of this switch can readily be detached from the
switch mechanism, and so each set of test contacts is
wired permanently to its own bank and is associated with
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the switch mechanism only when measurements are
made. The bank, but not the insulated wiring, is pro-
tected from the atmosphere in the test chamber by means
of a sealed polythene bag. With specimens having fewer
test-contacts, such as plugs and sockets, smaller selector
switches with non-detachable banks are sometimes
employed. In such circumstances, the complete switch
and wiring is enclosed in a painted metal container of the
kind used for syrup or paint, and the specimen is attached
to the ouside.

Test Chambers. Chambers of the kind envisaged
earlier cannot, of course, be completely sealed. Leaks
are necessary to permit the entry of air required
for combustion (when such air is not introduced for
other purposes) and also to prevent the build-up of excess
pressure inside the chamber. Water is most simply
introduced as a mist produced by a device similar to the
familiar scent-spray and driven by compressed air.
Some water condenses on the walls of the chamber and
also on any objects inside the chamber. Some of the
oxides of sulphur resulting from combustion are taken
up by the water. Excess air and water are allowed to
escape and, as a consequence, the pollution of the
artificial atmosphere is less when the spray is employed
than when it is not. In the authors’ test chambers,
which have a volume of about 26 cu. ft, the spray reduces
the concentration in the atmosphere by approximately
one half. Specimens are attached to rotating arms and
the movement serves to stir up the atmosphere in the
chamber. It also ensures that a specimen is not confined
to one region only in the chamber. The working cycle
involves exposure for 8 hours/day and 5 days/week, with
the chamber open at other times. This is continued for
60 working days and the whole test thus occupies about
three months.

The experimental “gas-fire”” chamber has so far taken
the form of a gas-heated room having a volume of about
1,500 cu. ft. The concentration of sulphur dioxide in the
vicinity of the specimens is about 1-5 parts per million
and the corresponding temperature about 70°C. Com-
ponents for use at “abnormal” temperatures are some-
times classified according to the upper limit which has
been fixed for the temperature of their environment.
The lowest of such upper limits is 70°C. Work has been
done with exposure periods of the order of one-tenth of
that standardized for the “wet” and “dry” industrial
chambers. But further data need to be obtained on the
effects of longer exposures before a suitable test period
can be standardized.

Electrical Techniques. The results discussed in this
article were obtained with the aid of two basic instru-
ments; a four-terminal bridge and a ‘“wetting” circuit.
In the bridge, the voltage at the “unknown” terminals,
when these are open, is limited to 100 mV, and the
current through the specimen cannot exceed 20 mA.
Thus, the specimen contact is not electrically disturbed
during the measurement, and its resistance will depend
primarily upon the mechanical breakdown of any films,
dust particles, etc. which may be present on its surfaces.
However, in some experiments, some degree of electrical
breakdown is required immediately before the measure-
ment of contact resistance, and the *“wetting” circuit is
designed to fulfil this requirement. It makes available
at the specimen a known maximum voltage attained when
the specimen is open-circuited, and a known maximum
current which is substantially independent of the contact
resistance, provided this is generally less than 100 ohms,



or. for heavy-current conditions, less than 10 ohms.

The supply for the wetting circuit is, of course, d.c.,
but a low-frequency (219 c¢/s) a.c. supply is used for the
low-voltage measurements. Experience has shown this
to be desirable and many troublesome errors can thereby
be avoided, for example those caused by thermo-electric
potentials and by cell action at insulator surfaces. But
it is still necessary to shield or separate the bridge and the
specimen undergoing test from extraneous sources,
particularly heavy-current switching circuits such as those
used in telephone switching. Induced transients of even
short duration may otherwise seriously affect the be-
haviour of the contact.

Both circuits are flexible enough to be used in the
statistical type of experiment on several hundred
contacts as well as in experiments which require the
accurate measurement of the resistance of relatively few
contacts or the observation of contact-resistance changes.
In particular, the bridge has been specially adapted for
the statistical type of experiment and it then provides
means for the automatic classification and counting of
test results at a rate exceeding one hundred per hour.

Current and potential leads between specimen and
apparatus are used for all measurements and, conse-
quently, leads may be some yards in length. If necessary,
manually-operated selectors may be inserted between
the apparatus and a group of specimens.

By the addition of two units to the bridge and detector,
the order of the resistance of a contact is measured and
classified automatically. A single test-cycle takes
between one and two seconds and commences when a
“start’ button is depressed by the experimenter and ends

when the result has been recorded on a counting-meter
as an occurrence in one of five class-intervals. Thus, the
final result of a test on several hundred contacts is shown
by the meters in terms of class-frequency. Alternatively,
a single contact may be continuously monitored auto-
matically.

In essence, a switching unit takes the place of the
variable arm in the bridge and substitutes, in turn, one
resistor from a group of five; simultaneously, corre-
sponding meter circuits are made dependent upon a
differential relay in the detector. Each of the five resistors
is switched as a four-terminal resistor. Their resistances,
with the exception of the last, correspond to the upper
limits of the class intervals, which might be 0-1, 1-0,
10-0, 100 and 1,000 ohms. Operation of a meter occurs
only if a start signal has previously been given and when
a resistor of value greater than that of the specimen is
substituted in the variable arm of the bridge or when the
specimen has been found to be greater than 100 ohms.
It cannot occur until the bridge has reached a steady
state because a delay period follows resistor substitution.

CONCLUSION

Commonly accepted standards for contact behaviour
are too low and a general improvement in performance
is both possible and desirable. A widespread need exists
for the standardization of adequate design and testing
procedures. Some basic principles have been discussed
and a test procedure recommended which involves
exposure of the contact in an artificial environment
polluted with the products of combustion of a sulphur-
containing fuel.

Book Reviews

“Whittaker's Arithmetic of Electrical Engineering.” Fourth
Edition revised by A. T. Starr, M.A., Ph.D., AM.LLR.E.
Sir Isaac Pitman & Sons, Ltd. 194 pp. 22 ill. 10s.

The publishers of this little book have produced many
technical works for elementary engineering students,
amongst them being various text books suitable for young
telecommunications engineers training for Ordinary
National Certificate or an Intermediate Group Course
Certificate of the City and Guilds of London Institute.

However conscientiously a student may read, and make
notes on, the subject matter of a book, he will not train him-
self adequately for an examination unless he works solutions
to appropriate numerical examples. “Whittaker’s Arith-
metic of Electrical Engineering,” first published in 1908 and
subsequently revised four times, must have been one of the
first books ever written as a guide to the working of
numerical examples. The fourth edition is intended for the
young electrical engineer of first- or second-year National
Certificate standard, at which level there is little difference
between power engineering and telecommunications. This
is the part of the National Certificate syllabus that used to
be covered by the general term **Magnetism and Electricity.”
The basic principles which it embraces are divided into
16 chapters with a brief, but adequate, explanation of the
fundamental formulae and their meaning at the head of
each. The rest of each chapter is devoted to examples and
their solutions; there are about ninety worked exercises in
the book. Some three hundred unworked problems are also
given, with numerical answers at the back of the book.

The scope of the problems is fairly wide and they have
been chosen as typical of the principles involved rather than
as a “‘cram” for a specific examination. This greatly

increases the range of students to whom the book will appeal
and at the same time makes it of interest to advanced sixth-
form science students at schools.

The present publication is a reprint of the 1934 edition
and no attempt has been made to change the text to the
M.K.S. system. The C.G.S. system of units is used through-
out. Despite the time that has elapsed since the last revision
of the book, there is no suggestion that the text is out of
date; the fundamentals of electrical engineering and the
methods of teaching them have remained unaltered for
many years. This is one of the better of the “‘cramming”
books, and, bearing in mind the limited range of such a
work, is good value. C.F.F.

“Fundamentals of Radio and Electronics.” Edited by W. L.
Everitt. Second Edition. Constable & Co., Ltd.
xiv — 805 pp. 592ill. 57s. 6d.

The scope of Everitt’s well-known book, “Fundamentals
of Radio”, first published in 1942, has in this second edition
been extended to include electronics. The book has thereby
been greatly enlarged and, with the help of five contributory
authors, Everitt ably touches on most fields in which elec-
tronics have made an impact.

The presentation is at an intermediate level and, hence,
is largely descriptive. It will not satisfy the advanced
student because the coverage is so wide that each of the
22 chapters would need treatment in a separate book to
fulfil such an aim. In some places the text shows evidence
of the purely academic approach rather than that of the
experienced engineer. For example, in Fig. 14-12 the curve
given as a relation between the audio voltage output plotted
against the frequency deviation in an f.m. detector is

(Continued on p. 35)
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The Drum-Type Machine for Cleaning Mail Bags
F. G. CUMMINGS, A.M.LE.E.T

U.D.C. 681—25:648:656.85

With nearly five million mail bags in use in the British Post Office
the task of cleaning them is one of considerable magnitude. Based
on previous experience, gained by using machines to clean mail
bags, the drum-type machine has been developed. With this machine
it is possible to clean to an acceptable standard either 50 letter bags
or 30 parcel bags in a machine-operating time of 10 minutes.

INTRODUCTION

HE British Post Office has in service nearly five

million mail bags which, in the interests of

efficiency and hygiene, must be kept in a satisfactory
state of cleanliness. Mail-bag cleaning is, therefore, a
task of considerable magnitude, and the latest type of
machine which has been developed for the purpose is
described in this article.

Under the auspices of headquarters committees set up
in 1936 and 1945, consideration was given to improve-
ments in the bag-cleaning organization, and the methods
used in other countries were studied. The Engineering
Department was able to proceed with the design and
ordering of machines for installation at bag-cleaning
centres at selected large offices in various parts of the
country. There are now installed 27 machines of the
latest pattern and a further 14 will be provided over
the next two years; in some cases these will replace
equipment of an earlier pattern which is at present in
service.

It would be as well to explain that mail-bag cleaning
does not include washing, the use of solvents, or other
normal laundering processes. The laundering of mail
bags is practised by certain overseas administrations
although in some cases this is confined to exceptionally
dirty bags which in this country would be scrapped. It
is considered that mail-bag washing has a number of
disadvantages, including high cost, deterioration of bag
fibres, substantial reduction of bag capacity due to
shrinkage, the necessity for bag re-stencilling, etc., and
the process favoured here is the removal of dust by
mechanical methods.

According to medical opinion, the ordinary dust
present when mail bags are being handled is not injurious
to health as it consists mainly of vegetable and carbon
particles, not in themselves harmful unless inhaled in
sufficient quanties to cause irritation and congestion of
the mucous linings of the air passages. In the normal
process of mail transportation, bags have many oppor-
tunities to acquire dust from surfaces with which they
come in contact. Some of this dust becomes embedded in
the canvas fabric of the bags and may be released into
the atmosphere when the bags are subsequently handled.
The object of mail-bag cleaning is, therefore, to reduce
to a minimum the amount of dust retained by the bags
by subjecting them to a tumbling process at fairly
frequent intervals.

Machines for cleaning mail bags have been in use by
the Post Office since 1910. It is a tribute to the work-
manship of these early machines that some of them are
still giving useful service.

+ Power Branch, E.-in-C.’s Office.
* SNELL, W. S. A New Mail Bag Cleaner. P.O.E.E.J., Vol. 27,
p. 272, Jan. 1935.
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Broadly speaking, the machines installed can be
grouped under three headings, as follows:

(a) Beater machines.

(b) Vacuum machines.

(¢) Drum machines.

The main disadvantage of types (a) and (b) was that
bags had to be individually treated. Also, considerable
brush wear occurred with beater machines, as a result
of which they became less effective. Vacuum-type
machines, which have been previously described in the
Journal,* were at one time highly thought of; in fact,
they were standard equipment for some years after their
introduction in 1932 as it was considered that their use
would result in a higher standard of cleaning than was
obtainable with other available types. Considerable
muscular effort was required for continuous use of these
machines, however, and as a result of a series of tests
carried out at the request of the 1936 committee, it was
conclusively demonstrated that drum-type machines not
only cleaned more bags per man-hour but cleaned them
more effectively. The committee therefore decided to
install no more vacuum-type machines but to proceed
with a program of providing drum machines. The war
inevitably interrupted this program, and by the time
installation could again proceed the machines had been
virtually redesigned, using, however, the same funda-
mental cleaning principle.

THE DRUM-TYPE MACHINE

In drum-type machines, dirty bags are loaded into
an octagonal drum which is then rotated at about
15 rev/min for a prescribed period. The tumbling which
the bags receive loosens the dust from the bag fabric and
the dust-laden air is drawn away to a textile filter where
the dust is trapped, the filtered air being exhausted to the
atmosphere. It must be emphasized that this type of
machine is not intended for the treatment of badly soiled
or contaminated bags—in the British Post Office these
are separated and destroyed.

For descriptive purposes the modern drum-type
machine (Fig. 1) may be considered as being composed
of several basic components.

The Drum

The drum is generally in the shape of a hollow
octagonal prism measuring 7 ft 4 in. externally across
each pair of parallel sides. The metal framework of the
drum is formed with 2 sets of radial spokes of 4in. X 2in.
channel section, connected at their extremities by
2 in. x 21in. angle-section framing and, at the hub, to
centre bosses. These bosses are keyed to a 3 in. diameter
steel shaft passing through the drum. To the framework
of the drum are attached slats of well-seasoned timber,
spaced about 1 in. apart, forming the ends and periphery
of the prism. Care is taken to ensure that there are no
projecting bolts, etc., inside the drum which might
damage mail bags being cleaned. To aid the tumbling
action of the bags, sets of wooden beater bars are fitted
along the centre line of some of the sides of the drum,
parallel to the drum axis.

The drum is constructed in two unequal sections, the
division occurring in a horizontal plane 1 ft 6 in. below






their lower ends, are clipped around spigots by webbing
belts and are fitted so that the raised nap of the cloth is
facing the direction of the air flow. The upper ends of the
filter stockings are secured to a framework terminating in
a shaker handle, normally held in a clip. The bottom
of the filter cubicle has two hoppers each terminating in
a replaceable dust-collecting bag. By releasing the shaker
handle from the clip, dust trapped in the filter stockings
may be shaken into the dust bags; this is done about once
each day. A metal grille is provided at the bottom of the
filter compartment to trap any undetected mail which may
have been retained in the bags. The extractor fan is
usually mounted close to the filter compartment.
Suitable access doors are provided at the rear of the
compartment.

The Fan and Ducting

Air is drawn into the drum casing by means of a
centrifugal fan connected at the top, and to the rear, of
the filter compartment. After passage through the filter
stockings, the air is discharged into the atmosphere out-
side the building via galvanized-iron ducting containing
suitable canvas sections to minimize noise due to vibra-
tion. The fan is capable of discharging not less than
1,800 cu. ft. of air per minute against a static head of
24 in. water gauge.

Drum Driving Gear

The drum driving gear is the heart of the bag-
cleaning machine, and the type of drive now employed
is the product of considerable development work. The
drum is rotated by an electric motor through a worm
reduction gear. On some earlier equipments the gears
were required to be self-sustaining to maintain the drum
stationary when the supply to the motor was dis-
connected. It was found that this could not be achieved
after initial running-in, and holding brakes had to be
fitted to these machines. The self-sustaining gear gave
rise to other difficulties because it was irreversible. at
any rate when new, and if a torque reversal occurred.
e.g. during the slowing-down period of the drum, there
was a tendency for the gear to lock-up, throwing con-
siderable stress on the gear thrust bearing. A self-
sustaining gear is no longer called for and a more robust
gear is now employed having a two-start worm with a
lead angle of 8° 20" and a calculated efficiency of 83 per
cent. A flexible coupling was at one time used between
the worm gear and the drum shaft, but this produced
torsional oscillation and a solid couplingis now employed.

Truck levelling has been a major problem in bag-
cleaning machine development; with all drum-type
machines in which a truck is incorporated as part of the
drum, it is necessary to bring the truck to rest in a level
position, so that it can be readily withdrawn and replaced.
On modern machines levelling is performed auto-
matically, although to cater for incorrect operation a
levelling handwheel is provided. The handwheel is
normally inaccessible to the machine operator, thus
ensuring that faulty levelling is investigated and
corrected. On some earlier machines slip-ring a.c.
motors were used. the levelling being achieved by intro-
ducing rotor resistance and oscillating the drum between
limits at a slow speed until it came to rest. Present
practice is to use a 350-volt d.c. motor, reduce its
speed by lowering the voltage to 60 volts and finally level
the drum as described under ‘“Control Equipment.”
The driving gear is fitted with a spring-operated, “nor-
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mally-on” electromagnetic brake which finally brings the
drum to rest. With this system, levelling within limits of
44 in. (measured at the drum periphery) is achieved.

Control Equipment

A simplified diagram of the control equipment is
given in Fig. 3. The motor is of the separately-excited
type, the field of which is energized from a 350-volt d.c.
supply. This voltage is also applied to the armature for
normal running but a supply at 60 volts d.c. is used for
slowing the drum. The control equipment operates at
200 volts d.c. The d.c. supplies are obtained from
selenium rectifiers incorporated in the control equipment.

Mounted side-by-side at the end of the worm-wheel
shaft are two cams whose angular dispositions around
the shaft can be independently varied. Each cam
engages with an associated roller; these two cam rollers
control the operation of switches SL and STL, which
are associated, respectively, with the slowing and the
stopping of the drum. When the drum is rotating
during a normal run, the cam rollers are held out of
contact with the cams by the zoner solenoid Z, but
when stopping is initiated zoner solenoid Z is de-
energized, allowing the cam rollers to operate their
associated switches. The normal disposition of the cams
is such that there is about 120° angular displacement
between the two, the stopping cam being the last one to
operate.

The duration of a run is determined by an adjustable
synchronous timer. Depressing the start button on the
synchronous timer energizes the motor of the
timer and operates contact Tl; contact T1 operates
relay ZR. Relay ZR then operates the main contactor
relay, MC, and energizes zoner solenoid Z, which
lifts the cam rollers away from the cams. The electro-
magnetic brake is energized via contact MC3, freeing
the worm shaft. Relay F is also operated by relay ZR
and connects the motor armature to the 350-volt d.c.
supply via the starting resistors; these resistors are
successively switched out as relay R operates, and the
drum runs up to speed.

On completion of the scheduled time, the synchronous
timer releases contact T1, causing zoner solenoid Z to be
de-energized after the release of relay ZR. The cam
rollers then re-engage with the cams so that at the
appropriate point in the drum rotation springs SL close,
operating the interlock relay INT. Relay INT releases
relay F at contact INT3, and energizes the slow-to-
operate relay SR at contact INT4. The release of relay F
reduces the armature voltage to 60 volts. After a delay
of a second or two, relay SR operates and connects the
slowing resistor across the armature to act as a divertor.
At the same time a buzzer is operated, via contact SRI,
to indicate to the operator that the cleaning process has
been completed. The drum continues to rotate until the
stopping cam opens springs STL. These springs release
contactor relay MC and, hence, apply the electromagnetic
brake to bring the drum to rest and restore the circuit
to normal.

Electrical interlocks are provided on the truck-locking
handwheel gear, the radial door, the hinged box
which permits access to the handwheel, and the hand-
wheel engaging mechanism. These interlock contacts
are shown in Fig. 3 as contacts TD, DD, HWB, and
HW1. respectively.

The circuit also arranges for the brake magnet to be
energized by the closure of contacts HW2 when the
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FIG. 3—SIMPLIFIED SCHEMATIC DIAGRAM OF CONTROL EQUIPMENT

Notes 1 Contacts R1-R# are closed in sequence by operation of Relay R.
2 Contact T1 1s controlled by the synchronous timer

handwheel is engaged for manual truck levelling. As the
brake coil is not continuously rated, the 2XNT relay (a
nomenclature derived from lift control equipment) is
energized at the same time, limiting the hand-levelling
period to about 80 seconds. Relay 2XNT also operates
and applies the brake if, due to a fault, the controller
remains in the slow-speed condition for the same period.

MACHINE LOADING AND RUNNING TIME

One of the major problems associated with drum-type
bag-cleaning machines is the specification of machine
loads and running times. There are two main classes of
mail bag in use in the British Post Office: the letter bag.
44 in. long by 26 in. wide and weighing (new) 1 1b 144 oz;
and the parcel bag, 48in. long by 20 in. square, weighing
(new) 31b 10 oz. Cleaning-machine loads are specified
in terms of both types of bag.

Before the investigation of the 1945 committee, large
loads and long running times were favoured. An
exhaustive series of tests was carried out in 1945-46,
however., and as a result operating conditions were
revised. The most striking conclusion which resulted
from these tests was that smaller loads gave better
cleaning. With regard to running time, from considera-
tion of the principle of operation of drum machines
it will be appreciated that, in addition to removing dust,
small particles of the canvas-bag fibre—generally referred
to as “fluff"—will also be removed. This represents
undesirable wear and tear and, quite apart from con-
siderations of operating economics, it is necessary to
curtail running time for this reason alone. In general,
the heaviest fall of dust occurs in the first 10 minutes
of the running period, after which, although dust con-

tinues to be extracted, the rate of extraction falls and the
proportion of fluff extracted increases.

It will be seen from the above that the specification of
machine-operating conditions represents a compromise
between conflicting considerations. Bearing all relevant
factors in mind the following operating conditions were
specified for drum-type machines, giving an acceptable
standard of cleaning at reasonable cost without
appreciable bag wear.

Operating Conditions for Drum-Type Machines

Type of Bag Load Duration of Run
|
Letter 50 10 minutes
Parcel 30 10 minutes
1
CONCLUSION

The methods to be employed for mail-bag cleaning
offer considerable scope for technical ingenuity.

The material from which the bag is made has a very
important bearing on the problem, and if a non-fibrous
and impervious material was available, comparable in
durability and cost to the flax canvas at present used, the
situation would, without doubt, change significantly.
Continued research will, perhaps, make such a material
available in the course of time. With the existing type of
mail bag, however, the equipment described above
represents a satisfactory and economic solution to the
problem arising from the conditions in the United
Kingdom.
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The material for the bush of the centre bearing has
also been changed and it is now made of steel, although
trials of different materials have not established any
particular superiority. This provides the more conven-
tional combination of brass and steel for this type of
bearing. In addition, the centre spindle and the governor
gear pinion and its shaft have been provided witha coating
of dry graphite to assist in preventing dial failure due
to deterioration of the lubrication at these points. Dry
lubrication, which will not be affected by ageing, has
been investigated for use in other parts of the dial
mechanism, but a fully satisfactory and cheap method
of providing dry lubrication for all bearing surfaces
has not yet been found.

Spring-set Design

Palladium has been used in preference to silver for the
pulsing contacts. Silver contacts used in the existing types
of dial have occasionally developed a high contact resist-
ance which can affect pulsing, and cause noise in the line.
Although not widespread, these troubles have occurred
on the earlier slipping cam type of dial, the contacts of
which had a wiping action, and also on the trigger-type
dial the contacts of which have very little wiping action.
The use of palladium may prevent or reduce these
faults at little extra cost.

Appearance

It was originally hoped that a single type of dial would
be acceptable for use on all the different coloured
telephones. Early consultation with the Council of
Industrial Design indicated that polished stainless steel
was not favoured and, as the Post Office did not favoura
satin finish for the heavily used finger plate, alternative
materials were investigated.

P.V.C. appeared to be ideal material in that it was
cheap and could be made with a variety of colours and
finishes. The appearance of the complete telephone was
much improved by having a dial coloured to match the
telephone and, not withstanding the increased overhead
costs of having more than one dial, a full range of seven
colours was introduced. The colours are listed in Table 1.
Also, because of its resilience, a finger plate made of this
material was pleasant to handle and risk of damage to

TABLE 1

Colours Used for the Finger Plate and Number-Ring of the
New Dial

Abbreviated Colour
Description
(used in titles of
telephone, dial,
finger plate and
number-ring)

Actual Colour
of Blank
“Number-Ring”

Actual Colour of
Finger Plate

Black Black Black
Blue Concord blue Concord blue

Green Aircraft grey-green Forest green
Grey French grey Elephant grey
Ivory . Light ivory Light ivory
Red | Lacquer red , Lacquer red
Yellow | Topaz yellow | Topaz yellow

Note: The green and grey number-rings, which are darker than
the green and grey finger plates match the colour of the tele-
phone handsets. The finger plates match the colour of the
telephone covers.

the centre bearing, by excessive pressure applied off-
centre on the front of the dial, was reduced.

The formed p.v.c. construction enabled the front of
the dial to have an unbroken contour because the dial
centre label and its protective window have been sunk
into the finger plate. The resilience of the finger plate has
been used to retain the label protector by gripping three
pips on the periphery of the protector and so providing
a snap fit. The protector has to be released by using a
rubber suction disk (Extractor No. 29), or by inserting
a small screwdriver (Screwdriver No. 1) under an ejector
plate beneath the protector.

To match the appearance of the dial, the finger stop
and the dial centre label have also been redesigned as
shown in Fig. 1. The centre label is grey with white
printing on the top half, and white with black printing
on the bottom half and is suitable for all colours of dial.
The appearance of the dial, in its association with the
Telephone No. 706, has been approved by the Council
of Industrial Design.

Dust Exclusion

The dial “number-ring” was designed to prevent
it collecting dust and providing a point of entry for
dust into the mechanism. Thus, instead ef fitting the
number-ring into a recess as on earlier dials, it now
overlaps the body of the dial. Part of the body has been
left exposed so that when the dial is gripped with the
hand, as for instance when it is fitted in a switchboard
dial mounting, pressure can be taken directly on to the
dial body. When the dial is fitted in the new telephone
the body is not seen because the dial is sunk so that the
top surface of the dial number-ring is coincident with
that of the outer number-ring.

A thin polythene seal has also been provided between
the dial number-ring and the boss of the centre spindle.
This seal is a floating fit in the number-ring, to enable
it to be self adjusting for eccentricity between the
number-ring and the centre spindle. A dust cover has
been included in the Telephone No. 706 to protect the
back of the dial.

FURTHER WORK

The modifications necessary to provide a new range of
dials for other purposes are now being investigated.
For use on 200-type and 300-type telephones, as a main-
tenance replacement item, the only change that will
be required in the new dial will be replacement of the
plain number-ring by one carrying letters and figures.
It is hoped that the new dial with letters and figures
will also be suitable as a switchboard dial, and a field
trial is being arranged. Trials of an earlier design of
p.v.c. finger plate, which was based on the shape of
the stainless-steel finger plate, failed due to breakage
across the thin bridge between the finger holes. The
finger plates of the latest design are of greater depth
and should prove to have sufficient strength to with-
stand the hard use encountered on switchboards. On
the other hand, trials leave little doubt that a stainless-
steel finger plate will still be necessary in call offices if
excessive damage is to be avoided.
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Proposed Commonwealth Pacific Telephone Cable System

U.D.C. 621.315.28:621.395.5(265/266)

telephone cable (TAT-1)! in September 1956,

telecommunication facilities between Commonwealth
countries were provided by the 140,000 nautical miles
(n.m.) of submarine telegraph cables of Cable and
Wireless, Ltd. (C. & W., Ltd.)* and by radio telephony
and telegraphy. TAT-1 provided, initially, six telephone
circuits and 11 telegraph circuits between the United
Kingdom and Canada; the present facilities are provided
by 13 telephone circuits, 20 80-baud and two 50-baud
telegraph circuits.

In April 1957 at Ottawa’ it was agreed, subject to the
consent of Governments, to provide a direct telephone
cable between the United Kingdom and Canada. This
was to be based on the development by the United
Kingdom Post Office of a system providing a band-
width of 240 kc/s in each direction over a single cable
of novel construction,* the strength member being in
the middle and torsionally balanced and the external
sheathing being polythene. The system would be
owned jointly by C. & W., Ltd., and the Canadian
Overseas Telecommunication Corporation (C.O.T.C.).
The agreement was subsequently ratified by Govern-
ments and provision of the system (CANTAT), in-
volving about 93 rigid repeaters, is now in hand. Using
high-efficiency 3 kc/s-spaced channel equipment, devel-
oped at the Dollis Hill Research Station,” the system
will have a capacity of 80 telephone circuits or their
equivalent, without using T.A.S.I.>.° It is due for
completion in September 1961.

PRIOR to the opening of the first transatlantic

* Owned entirely by the United Kingdom Government.

In July 1958, the Commonwealth Telecommunications
Conference agreed, in London, to recommend to
Governments the provision of a complete “round-the-
world” telephone cable system (Fig. 1), generally to the
CANTAT pattern. The estimated cost was about
£88 million, including CANTAT and the United
Kingdom-Canada circuits in TAT-1, which would
become the first link in the “round-the-world” system.
This recommendation was accepted in principle by
Commonwealth Governments at the Commonwealth
Trade and Economic Conference’ held in Montreal
in September 1958, the United Kingdom Government
undertaking to provide up to 50 per cent of the total
capital. It was left to countries immediately concerned
to initiate action in respect of individual links.

In June 1959 the Australian Government advised the
Commonwealth Relations Office that “in its view it was
desirable that construction of a large-capacity trans-
Pacific cable, immediately to follow completion of
CANTAT in 1961, should now be considered by the
Governments directly concerned” and proposed a
Pacific Cable Conference in Sydney, to start on 28
September. The primary invitations went to the Govern-
ments immediately concerned—the United Kingdom,
Canada and New Zealand—though representation from
all Commonwealth countries was invited. The agenda
included the revised wayleave and accounting arrange-
ments necessitated by the participation of other Common-
wealth countries in the ownership of the system. In
the event, only the four particpating countries were
represented, together with Sir Ben Barnett, Chairman
of the Commonwealth Telecommunications Board. The
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FIG. 1—PROPOSED COMMONWEALTH ROUND-THE-WORLD TELEPHONE CABLE SYSTEM
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Composition of Pacific Telephone Cable System

| Dj !
Section Dlstaicfw(n.m.) | ]g/elzf))t(h Re- | Equal-

’ Map | Cable ‘(fathoms) peaters  izers
Vancouver— | 100 106 Mostly | 6 0
Pt. Alberni 1 l Overland ‘
Pt. Alberni- | 2,310 2444 | 3,400 93 | 9
Honolulu l ! | ‘
Honolulu— | 1,044 | 1.110 | 3,100 42 4
Fanning ’ ! \‘ ‘ |
Fanning- | 1,890 | 2,002 = 3,000 | 76 7
Suva )

) s
Suva- | 1,146 1214 | 2,500 47 5
Auckland
Auekland- | 1,172 | 1242 2600 | 48 | 5
Sydney r l
TOTAL 7662 | 8118 — 312 30

the Conference Report—“provide a major link in the
Commonwealth round-the-world system, and it will
enable all normal telecommunication services of modern
standards to inter-link with other international and
national systems, both inside and outside the Common-
wealth”. Tt will be planned as part of a connexion of a
notional length of 25,000 km, i.e. a 20,000 km global
circuit with a C.C.I.T.T. “circuit fictif”” of 2,500 km at
each end. The transmission objectives for such a con-
nexion are the subject of a current question by a
C.C.LLT.T. study group; the objectives recommended
by the technical committee at the Conference conform
closely with those proposed to the C.C.LT.T. by the
United Kingdom Post Office. They include zero
(4-wire) transmission loss between international switching
centres in the ‘“via” or through condition, with a
standard deviation for overall circuits (including London-
Sydney, over 16,000 route miles) not exceeding 1-8 db.
The mean circuit noise should not exceed 1pW/km
at a point of zero relative level.

In the knowledge that, in the matter of switching
over international networks, there is a wide diversity
of practice between Administrations, it was recom-
mended that signalling and switching objectives should
generally be as agreed between the United Kingdom
Post Office, A.T. & T. Co. and C.O.T.C. for trans-
atlantic circuits.

The importance of through-group working with

* Also a director of C. & W., Ltd.

overall group-reference pilots was stressed and this must
inevitably lead to some modification of the high-
efficiency 3 kc/s-spaced channel equipment as now
being manufactured. The difficulties of through-group
working with this equipment have been set out in an
earlier note®? and a modified design is now in hand.

Detailed planning of the system will be controlled
through Joint Technical Meetings; the execution of
the plans will be the responsibility of C.O.T.C. in
Canada and Honolulu, O.T.C.(A) in Australia, the New
Zealand Post Office in New Zealand and C. & W, Ltd.,
in Fanning and Fiji; these four bodies will own and
operate the system.

A joint United Kingdom P.O./C. & W., Ltd., unit
now being set up at Dollis Hill under Mr. R. J. Halsey,
Director of Research*, will be responsible for engineering
the submarine cable sections to the agreed requirements.
The project generally will be under the control of a
Management Committee of high-level representatives of
the Commonwealth Partners.

C.0O.T.C. will have undivided ownership of the system
between Vancouver and a point south of Hawaii;
the remainder will be owned jointly by the other three
partners on an indivisible basis.

A tentative construction program, aiming at a “ready-
for-service” date of April 1964 for the entire system,
involves laying the Sydney-Auckland and Auckland-
Fiji sections in 1962 and the Fiji-Fanning and Fanning-
Honolulu-Vancouver sections in 1963-4. H.M.T.S.
Monarch will be the only cable laying ship available in
1962 when she will operate in conjunction with a supply
ship; in 1963, a new cable layer planned by C. & W.,
Ltd., is expected to be available to assist Monarch.

The Conference Report has now been accepted by all
four Partner Governments and the Management
Committee will have its first meeting, in London, in
April 1960. R. J. H.

References

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

2 Increasing the Traffic Capacity of Transatlantic and Other
Submarine Telephone Cables. P.O.E.E.J., Vol. 52, p. 140,
July 1959.

3 A Proposed New Telephone Cable between the United
Kingdom and Canada. P.O.E.E.J., Vol. 50, p. 104, July 1957.

¢ BROCKBANK, R. A., and MEeYERs, A. L. A New Deep-Sea
Coaxial Cable. P.O.E.E.J., Vol. 50, p. 7, Apr. 1957.

5HaLsey, R. J. The Economic Usage of Broadband Trans-
mission Systems. P.O.E.E.J., Vol. 51, p. 212, Oct. 1958.

6 O'NeiLL, E. F. TASI (Time Assignment Speech Interpola-
tion). Bell Laboratories Record, Vol. 37, p. 83, Mar. 1959.

” Commonwealth Trade and Economic Conference: Report
of tlée Conference, Cmnd. 539 (Her Majesty's Stationery Office),
p. 16.










KT +

EXTN PLAN
CONNEQXION B LINE 0SCILLATOR
TELE No 706 (SIMPLIFIED) 4
/ ' e
2 2 1d ) A
8 S s X
ol fStag)3 , { f ° :;_..____
4 4 o3
4
— 2
79 1 +
MSI ’ ’ ' -
fsib S0V REPLAY
3
6 E\_¢ 63V | <
2 3o AC MS2 ) 2 Q Sth
S 40 TRI \sa 3 X ERASE
: AT o Ui -
« ouUTPUT
¢ XFMR [ LEtiekd RECORD
. 82 |85 4
oV - d cd gn =
I - ! 3l2 31
¢ 4 i g
1 4 == [000B%0 4 B 50001 [5060 4 ! W’ & TAPE
T3 5 73 4 ﬁtt %9 o3 DRIVE MOTOR
Sles KT+
16 _! 20 + 50V | o /
1000 1 ——- | !
1704 . B4 -A/\Nr ]
‘o-;sj—- 4 Wlso == 135v S ~50¢fs
R N S % P 1 e 1oy Ti—
18 \ | s2\
I 1 f 1S 200v
X SMOOTHED D C Isvarl
i [ I 220v
!
EXTN PLAN A LINE | l o
CONNEXION PILOT 6-3V } 240V
:

=+

The function-selector switch S1 positions are I—OFF, 2—ON, 3—CHECK, 4—RECORD
FIG 3—SIMPLIFIED CIRCUIT OF ANSWERING SET NO 1 ASSOCIATED WITH TELEPHONE NO 706

Making a Recording

The selector switch is turned to the “Record™ position
and connects the whole of the telephone transmission
circuit to the input of the amplifier. It also switches
smoothed d.c. to the transmitter. The user gets normal
telephone speech conditions, including some side-tone,
while recording and he unconsciously adjusts his voice
to normal level without the aid of a volume indicator.
The ringing circuit is switched via a 2uF capacitor in
the set in order that ringing current from an incoming
call can be applied to the telephone bell even if the
switch is left in the “Record’” position. While a recording
is being made there is no connexion between the speech
circuit and the exchange pair. In the amplifier, the
selector switch applies h.t. to the bias oscillator, connects
the input transformer to a power amplifier and connects
the amplifier output, together with bias current, to the
record/replay head of the tape system. At the same
time, bias current is applied to the erase head to remove
the previous recording.

The recording process commences when the “Start”
button is pressed. This action sets the indicator pointer
at the beginning of the time scale, and also operates
relay B mechanically. As before, the tape drive motor
is switched on, cycling the tape once until the micro-
switches are opened; when this occurs, relay B reieases
and relay C cuts off the motor.

Checking the Recording

In turning the selector switch from ‘“Record” to
*“Check”, the only circuit changes are in the amplifier
unit where the record/replay head is now connected
to the input of a high-gain voltage amplifier, and h.t.
is disconnected from the bias oscillator. Operation of

the ““Start’ button, as before, causes the tape to make
one cycle during which the recording is heard in the
telephone receiver but, because an attenuator is added
to the amplifier output in this switch position, the
recording is 3 or 4 db below the level which is available
for transmission to line. By this means the user is able
to hear the message at about the same volume as a
local caller will hear it, and can satisfy himself as to its
volume and clarity.

When standard direct-exchange-line service is required,
the function switch is turned to “Off”’, disconnecting the
mains supply, providing through circuits from the
exchange pair and electrically dissociating the set from the
telephone circuit.

Use of the Answering Set with Multi-Instrument
Installations

To avoid complications in the wiring of extension-
plan and similar systems, straps are provided in the
set so that the exchange line can be intercepted when the
function switch is at “On,” while in all other switch
positions the exchange pair is routed straight through
the set. In these circumstances, a separate telephone
instrument is provided for recording and checking.

Characteristics of the Record|Replay Amplifier

The recording amplifier can accept peak input signals
of about 2 volts without distortion, i.e. it can accept
the maximum speech voltage likely to be developed in
the transmission circuit of a modern telephone; an
equalizing network is included to reduce over-emphasis
of sibilants.

The replay amplifier contains a compensating network
giving a generally rising gain/frequency characteristic
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A Magnetic-Drum-Type Automatic Traffic Equipment with
Transistor Switching Elements

T. H. CLARK, B.sc.(Eng.), A.M.LE.E., I. S. THOMSON, B.Sc.(Eng.), and C. K. PRICE*

U.D.C. 621.395.625.3:621.395.341.71:621.395.121

The introduction of high-speed switching elements using transistors
can lead to more efficient use of space and power supplies. To
enable a field trial of such switching elements to be undertaken,
an automatic traffic equipment was constructed using a magnetic
drum for storage of relevant information. The facilities provided
with the equipment are relatively simple but are sufficient for it
to be used to test the magnetic-drum-type register-translator in
use at Lee Green exchange. The performance to date has been
satisfactory and has provided useful information for application
in new designs.

INTRODUCTION

NDOUBTEDLY the solution to many of the
l leconomic problems of telephone switching lies

in the exploitation of electronic techniques and,
even at this early stage, it is evident that these techniques
can compete successfully with existing practices. More
important perhaps, they give the designer the means of
attacking switching problems much more effectively
than hitherto. Thus, while the future telephone exchange
may be entirely electronic,’>? present electromechanical
systems can be supplemented very successfully by
electronic equipments such as the magnetic-drum register-
translator. The reliability of drum-type telephone
switching equipments installed in Strowger electro-
mechanical exchanges has been established by a field
trial of a register-translator at Lee Green exchange’
(in the London Telecommunications Region South-East
Area). This equipment is handling normal traffic 24
hours a day and is being maintained by the maintenance
staff already employed in the exchange. The results so
far obtained have demonstrated that equipment of this
type is capable of satisfactory service, and the production-
line version will be used for register-translator installa-
tions in the London and other director areas to provide for
subscriber-dialled trunk traffic.

In contemporary electronic equipment the chief
hazard to reliability arises from the use of thermionic
valves, not necessarily because of their inherent failure
rates even in the long term, but rather from mounting
them in relatively large numbers in as small a space as
possible. The resuliing problems of heat dissipation
together with those of providing auxiliary power supplies
are, of course, well known, and some four or five years
ago it was realized that, even though little development
work on high-speed transistor elements had been done,
such elements would make more efficient use of space
and power supplies. Subsequent investigation led to the
design of circuit elements capable of operating in the
100 ke/s pulse-repetition-frequency range with a per-
formance which appeared to be at least as good as that
of the valve circuits they would eventually replace.
No claims could be made in respect of long-term relia-
bility as performance data had only been obtained by
the application of stringent laboratory tests intended
to ensure that the design margins were adequate to

t Mr. Clark and Mr. Thomson are with British Telecommuni-
cations Research, Ltd. Mr. Price is in the Telephone Exchange
Systems Development Branch, E.-in-C.’s Office.
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withstand any condition which might conceivably be
encountered. Certainly, the tests imposed were more
exacting than those originally applied to the equivalent
valve circuits because, during the intervening period, a
better understanding had been gained of how best to
select the most critical combination of factors likely to
cause failure.

The next step was the incorporation of the transistor
elements in a field-trial magnetic-drum-type machine,
with the ultimate objective of determining the practica-
bility of constructing telephone switching equipment
using transistor high-speed switching elements. A
register-translator seemed an unnecessarily large piece
of equipment for such a purpose and an automatic
traffic equipment using similar circuit elements, but
physically smaller, was therefore chosen.

After the necessary development work an automatic
traffic equipment was constructed and installed at Lee
Green exchange in February 1959. The equipment is
associated with the field-trial magnetic-drum-type register-
translator and continuously checks the performance of
that equipment.

THE AUTOMATIC TRAFFIC EQUIPMENT
Facilities

Since the object of constructing the machine was
primarily that of testing the transistor elements the
facilities are relatively simple and by no means exhaust
the possibilities of this type of equipment.

A program of test calls is stored on the magnetic
drum in a section referred to as the library. Each test
call may comprise a normal directory number such as
ABB 6814 (i.e. 222 6814) plus the appropriate trans-
lation, which might be typically 2985 6814. Storage
space for 20 such test calls is utilized on the drum
(though there is capacity for many more) together with
“typing-in” arrangements for inserting any required
program of calls or making changes to the program.

In general, testing is initiated by sending trains of
pulses from the automatic traffic equipment in accordance
with the drum-library data relevant to the particular test
being performed (see Fig. 1). These trains of pulses
are received by the exchange register-translator which
responds by returning the translation pulse trains to the
traffic equipment. Whether the test has been successful or
not is determined by a comparison between the incoming
pulse trains and the drum-library data relative to the
test. When correspondence exists between these a ““‘check-
correct’” signal from the comparison circuit marks the
completion of the test by initiating a relay switching
sequence. This sequence, interposed between the
completion of one test and the commencement of the
next, gives an inter-test pause of approximately one
second. During this time clear-down takes place of
all circuit conditions relevant to the test just completed
and of all drum data recorded in both traffic and register-
translator equipments during the test.









however, have made the design of other machines, some
much more complex, a relatively straightforward design
process. Other projects utilizing the same circuit elements
are now in hand and the performance of the equipment
at Lee Green exchange gives support and encouragement
to this new work.

The traffic equipment has also proved of real practical
value as a maintenance aid since it can be used to assist
the maintenance staff to investigate suspected poor
register-translator performance. In fact, several some-
what obscure faults in the register-translator equipment,
which would not have been easy to locate otherwise,
have been brought to light by the operation of the
equipment.
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The Administrative Radio Conference, Geneva,
17 August to 21 December, 1959

U.D.C. 061.3:341.226:621.396

N considering the work of the Administrative Radio
IConference (A.R.C.) held in Geneva in 1959 it is useful

to look briefly at the earlier history. At the A.R.C. in
Cairo, 1938, new International Radio Regulations,
including a frequency allocation table covering the
range 10 ke/s to 200 Mc/s, were agreed. Radio develop-
ments during the war were such that it became apparent
in the immediate post-war years that provision would
have to be made for new services, including radio
navigational systems, and also for an increase in long-
distance fixed, broadcasting, aeronautical and maritime
mobile radio services.

These issues were considered in 1947 at the Atlantic
City A.R.C. where the Cairo Regulations were brought
up-to-date and the frequency allocation table was revised.
At Atlantic City the Regulations were largely re-written;
the table was extended from 200 to 10,500 Mc/s; the
International Frequency Registration Board (I.F.R.B.)
was set up as a permanent organ of the International
Telecommunications Union to examine and to record
frequency assignments and to advise members of the
Union on the more effective use of the frequency
spectrum; it was decided that the C.C.I.R.* should have
a full-time director and vice-director and a permanent
secretariat. It was also agreed that the new frequency
table would be implemented below 27-5 Mc/s after
detailed frequency plans for the several services concerned
had been accepted at subsequent conferences.

Despite repeated efforts, however, acceptable plans for
the broadcasting and fixed services operating in the range
4-27-5 Mc/s were not produced and it was necessary to
convene an Extraordinary Administrative Radio Con-
ference (E.A.R.C.) in Geneva in 1951 to approve a
method by which the various services would be fitted into
the Atlantic City frequency bands. Such a method was
evolved and in the main the services were accommodated

* International Radio Consultative Committee.

in band by about 1956. It then became clear that the time
would soon be opportune to look at the Atlantic City
Regulations in the light of new operating procedures,
types of service and requirements, and it was finally
decided to hold another A.R.C. in Geneva during 1959.

The meeting opened on 17 August; it was attended by
upwards of 700 people, including representatives of
many international organizations. The United Kingdom
delegation of 45 included representatives of various
Government Departments and the Armed Forces, as
well as a number of advisers from operating agencies and
other organizations.

It was clear that the 12-year period which had elapsed
since the Atlantic City Conference was too long in view
of the major advances in the radio field during the
interval and that the many difficult problems facing the
Conference included the need for:

(a) a decision whether or not there should be a major
redistribution of spectrum space between the maritime,
aeronautical, fixed and broadcasting services in the range
4-27-5 Mc/s;

(b) frequency allocations for ionospheric and tropo-
spheric scatter, for radio astronomy and for research on
space systems; and

(c) a large extension of the upper frequency limit of
the table.

There was clearly a will by all delegations to facilitate
the work of the Conference, which quickly got into its
stride. The work was divided among seven committees
dealing respectively with credentials, finance, the
frequency table, the L.F.R.B. and the notification and
registration of frequencies, technical characteristics and
definitions, operational questions and the drafting of the
new regulations. In turn these committees were further
sub-divided into sub-committees, working groups, etc.,
so much so that the United Kingdom delegation, large
as it was, found itself fully stretched in providing
adequate representation. The three key committees

53



were those dealing with the new frequency allocation
table, with the I.F.R.B. and the notification and registra-
tion of frequencies, and with operational questions.

Apart from the work of the Drafting Committee,
which went on until the end of the Conference. the
committee stage of the work was completed by early
December. After this, plenary meetings were held on
most days, and frequently well into the night, until
18 December. At these meetings the draft Radio
Regulations as submitted by the several committees were
approved. The formal signing and closing ceremony was
held on 21 December when the new Radio Regulations
were accepted by the delegates of the 84 countries who
signed the agreement; there were a few reservations,
mainly in respect of some parts of the frequency table.
It was agreed that the Regulations should come into
force on 1 May 1961.

It may be thought by those not directly concerned that
four months is an unduly long time for the review of the
Radio Regulations. However, it must be appreciated
that the new regulations cover all aspects of radio usage
on which international agreement is necessary and occupy
over 600 printed pages, that upwards of 6,000 written
proposals were examined, that the new frequency table
covers the range 10 kc/s to 40,000 Mc/s, some 200 times
the band-width of the Cairo table prepared 21 years
earlier, and that to achieve agreement major com-
promises on many aspects had to be negotiated. Further-
more, besides the Atlantic City Radio Regulations, the
Conference had to take into account the complicated
provisions of the Agreement that had resulted from the
E.A.R.C.

It is not possible in this short review to discuss the
new regulations in any detail, and brief reference will be
made only to a few of their more important aspects.
No major changes have been made in the Atlantic City
table below 27-5 Mc/s, i.e. the bands in this range
allocated to the fixed, broadcasting, aeronautical,
maritime, land mobile, standard frequency and amateur

services, and forindustrial, scientificand medical purposes,
are not modified to any extent. Appropriate provision
has been made for services employing 1onospheric and
tropospheric scatter propagation, due care having been
taken with the former to ensure that it shall not cause
undue interference to other services. Frequency alloca-
tions for radio astronomy and space research have been
included. Closer frequency tolerances and spurious
radiation limits are to be applied to radio transmitters.
The procedure for the notification and registration of
frequencies as defined at Atlantic City has been modified
with a view to the evolution of a more realistic Inter-
national Frequency List. A frequency management
procedure has been adopted for the high-frequency
broadcasting service. Agreement was also reached upon
new procedures for maritime radio-telephone operation.
The functions and duties of the I.F.R.B. have been
expanded to enable it to play a more effective part in
improving spectrum usage, and in assisting the newly
developing countries to solve their frequency assignment
problems. At the Conference the eleven I.F.R.B. mem-
bers were elected and it was agreed that the new Board
would take over from the old Board on 1 October 1960.

In considering the use of the frequencies in the range
4-27-5 Mc/s it was clearly demonstrated that the conges-
tion was becoming such that positive steps would have
to be taken during the next few years to reduce demands.
It was pointed out that this could be achieved by the
use of alternative means of communication, of improved
technical characteristics and by the rationalization of
circuit usage. It was agreed that the matter would be
studied by the I.F.R.B. and a small panel of experts, and
that their report would be submitted to the Administra-
tive Council for action.

Only experience can prove the wisdom of the many
decisions taken at the Conference, but looking back it
can be said that all the countries present showed a desire
to co-operate and, as a result, much was achieved.

C. F. B.

Book Review

“Higher Electrical Engineering.” J. Shepherd, B.Sc.,
A.M.ILE.E., A. H. Morton, B.Sc., A.M.ILE.E.,
A.MBrit.IL.R.E., and L. F. Spence, B.Sc.(Eng.),
B.Sc.(Econ.), A.M.ILE.E. Sir Isaac Pitman & Sons,
Ltd. 566 pp. 350 ill. 40s.

This book of 21 chapters covers the course for the Al and
A2 years of the Higher National Certificate in Electrical
Engineering and also includes a great deal of the Part 2 and
Part 3 syllabuses of the London B.Sc.(Eng.) examination.
The authors are members of the teaching staffs of the
electrical engineering departments of three well-known
technical colleges and, as they have had considerable
experience in teaching H.N.C. classes in electrical engineer-
ing, are well qualified to write on this subject. Throughout,
the rationalized M.K.S. system of units has been used.

The first six chapters deal with symbolic notation,
circuits, a.c. theory and measurements, harmonics and
transients, and the next three with electric and magnetic
fields, transformers and the various types of three-phase

windings Four chapters are devoted to the construction,
characteristics and speed control of synchronous machines
and induction motors. The subject of voltage surges and
protection against short-circuits are well treated whilst
there are some excellent chapters on vacuum and gas-filled
valves, amplifiers, feed-back, and the various types of
oscillators.

The layout of the material. the clearness of the type, and
all the numerous diagrams are excellent and reflect credit
on the authors and the publisher.

A most useful feature, particularly to students, is the
large number of questions produced throughout the book,
most of which are from past Higher National Certificate
and London University examination papers. Each chapter
contains some well chosen, fully worked-out examples and
also a number of others to which the answers are given and
in some cases hints on how they should be solved.

The book can be strongly recommended as being of good
value and of considerable assistance to all students of
electrical engineering.

R.S. P.
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The SCOTICE/ICECAN Submarine Cable Projects

U.D.C. 621.315.28:621.395.5(261)

cable systems linking the United Kingdom, the

Faroes, Iceland, Greenland and Canada (New-
foundland). The cable system between the United
Kingdom and Iceland has been given the code name
SCOTICE and that between Iceland and Canada the
code name ICECAN. The systems will enable important
requirements of the member countries of the Inter-
national Civil Aeronautical Organization (I.C.A.O.) to
be met. With the advent of high-speed jet aircraft they
require very reliable speech and telegraph communi-
cation between Air Traffic Controllers dealing with
aircraft flying across the North Atlantic. These Air
Traffic Controllers are situated in Eire, Scotland, Iceland,
Greenland and Canada (Newfoundland). Sufficient
circuit capacity is being provided to meet all other
likely telephone and telegraph requirements over the
route for a number of years to come.

It is expected that the facilities provided on the
submarine cable systems will conform to those of the
TAT/CANTAT type systems in that, in addition to the
traffic circuits, special telephone and telegraph circuits
will be provided outside the normal transmission band
for engineering maintenance purposes. Omnibus speech
and telegraph circuits will be set up between London
and Cornerbrook (Newfoundland) via the submarine
systems to enable speedy location of faulty sections to
be made. The engineering of the system is such that
restoration of all the civil aviation circuits can be effected
within a short time of a reported fault by re-routing via
other submarine systems such as the new CANTAT!
system.

The SCOTICE submarine system, which is to be pro-
vided as a joint undertaking between the United Kingdom
Post Office, the Great Northern Telegraph Co. of
Denmark, the Danish P.T.T. and the Ieceland P.T.T.,
will be laid by HM.T.S. Monarch immediately after
completion of the laying of CANTAT in September 1961
and should be available for service in December of that
year. It is being designed to provide twenty-four
3 kc/s-spaced telephone channels between Gairloch
in Scotland, Torshavn in the Faroes and Vestmannaeyjar
in Iceland, the lengths of the respective sections being
290 nautical miles (n.m.) and 408 n.m. The Gairloch-
Torshavn section will be equipped with 10 submerged
repeaters at a spacing of approximately 26-5 n.m. and
the Torshavn—Vestmannaeyjar section with 15 submerged
repeaters and one submerged equalizer. The gain of the
submerged repeaters will be about 60db at 192 kc/s.

The submarine cable will be a single conventional
0-46 in. diameter polythene-insulated coaxial cable,
similar in nature to a scaled-down version of the
0:62 in. diameter cable used on the TAT systems?
except that the copper tapes around the centre conductor
will not be provided. The cable and repeaters will be
laid at depths of up to 1,000 fathoms (approximately
1 mile). The transmitted frequency bands will be
24-96 kc/s in the A-B direction of transmission and
120-192 kc/s in the B-A direction, the A terminal for
both sections of SCOTICE being located at Torshavn.
A special 6 kc/s band in each direction of transmission
will be provided for engineering maintenance purposes.

PLANS are in hand for the laying of submarine
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Repeater monitoring equipment of the loop-gain type will
be provided at Torshavn and will be suitable for use on
both sections. The repeater line current will be 316 mA,
provided by constant-current master/slave type power
units® similar to those on the TAT Clarenville-Sydney
Mines system. The power units will be installed at
Gairloch, Torshavn, and Vestmannaeyjar, the ‘“master”
units being located at Torshavn. In the United Kingdom
the routing will be audio to Inverness and then on
London-Inverness carrier groups, which will be equipped
with 84-08 ke/s group reference pilots and automatic
gain regulators. These will be installed at the terminals
of the group to reduce loss variation to a minimum.,

The SCOTICE system is unique in that it is the first
submarine system landing in the United Kingdom to
use 0-46 in. diameter polythene-insulated coaxial cable
and also the first submarine system to be equipped
from the start with the new 3 kc/s-spaced channel
equipment which has been designed by the British
Post Office for use on long submarine cable systems.
This new channel equipmentt will provide sixteen
250-3,050 ¢/s band-width channels in the normal
carrier-group band 60-108kc/s, compared with the
twelve 300-3,400 c¢/s band-width channels normally
provided in a group band. Of the available 24 cable
circuits, 16 will be United Kingdom-Iceland circuits
and will pass via a through-group filter at Torshavn
whilst the remaining eight channels will terminate at
Torshavn to provide outlets from the Faroes to both the
United Kingdom and Iceland. Frequency-modulated
voice-frequency-telegraph terminal equipment will be
provided at London, Torshavn and Reykjavik (Iceland)
to provide the necessary telegraph channels on the
system.

The complete submarine system between group-distri-
bution frames will be designed and engineered by
Standard Telephones and Cables, Ltd., who were
awarded the contract for the project against keen
international competition.

The ICECAN system, in which the United Kingdom
will have no ownership interest, is expected to be laid
in the summer of 1962, and the civil aviation authorities
will lease one speech and four telegraph circuits in the
system. They require that their speech circuit shall
link Air Traffic Controllers at Shannon (Eire), Prestwick
(Scotland), Reykjavik (Iceland), Prins Christian Sund
(Greenland) and Gander (Newfoundland) on an omnibus
basis. The overall circuit will be some 4,000 miles long
and is required to operate on a 24-hour basis, and
consequently they have requested re-routing facilities,
in the event of failure of any section of the route, within
five minutes from the time at which a failure is reported.
In order to effect this re-routing the circuit to Prestwick
will be routed via the London International Maintenance
Centre (I.M.C./A)%, which is staffed 24 hours a day.
Since the circuits in the CANTAT systems will also
terminate at I.M.C./A, re-routing via the CANTAT
system to Cornerbrook can be effected almost immediately
since both I.M.C./A and Cornerbrook will be connected
to the two separate speaker systems linking these
stations, one via CANTAT and the other via SCOTICE
and ICECAN. Five stations are to be interconnected
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CIVIL AVIATION REQUIREMENTS AND THEIR RELATION TO TRANSATLANTIC SUBMARINE CABLE SYSTEMS

on the omnibus speech circuit and special two-tone
selective signalling will be employed using dialled pulses
of alternate 600 and 1,500 c/s tones. Four-digit dialling
will be used, separate codes being allocated to the
respective Air Traffic Controllers both at a particular
station and for different stations.

The civil aviation authorities also require four
telegraph circuits linking the Air Traffic Control
Stations and certain meteorological and aircraft-move-
ment control stations. In Greenland and Newfoundland
these latter stations are situated reasonably near the
Air Traffic Control Stations but in the United Kingdom
and Iceland some of the circuits will have to be extended
over inland voice-frequency telegraph systems to their
desired terminations. Initially, all the circuits will
operate at a speed of 50 bauds but eventually 75-baud
working will be employed. Omnibus working on some
of these circuits is also required. Due to the number of
voice-frequency telegraph systems through which these

circuits will pass, regenerative repeaters will be required
at several intermediate points in order to meet the
stipulated distortion requirements.

The map shows the location of the Air Traffic
Controllers and their relation to the various trans-
atlantic submarine cable systems.

P.T.F. K.
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Regional Notes

Northern Ireland

CARLISLE-BELFAST BROADBAND RADIO-RELAY
SYSTEM

A broadband radio link (Radio System 10/10) between
Carlisle and Belfast was brought into service on 31 October
1959, in order to extend the commercial television service
to Northern Ireland. The radio link operates in the
4,000 Mc/s band with a transmitter power of 5 watts, and
uses paraboloid aerials of 10 ft diameter, connected to the
radio equipment by wave-guides of 2in. > 0:66 in. cross-
section. Dry air is circulated through the wave-guide
system to prevent the ingress of moisture, which would lead
to corrosion and resultant attenuation.

The radio terminals are situated at Ballygomartin
(Belfast) and Harraby (Carlisle); a note on the erection of
the tower at Ballygomartin was given in the Regional Notes
in the P.O.E.E.Journal, Vol. 52, p. 227, Oct. 1959. In order
to meet the required opening date, service is being given
temporarily by means of outside broadcast transmitters at
Harraby, and these will remain in service until the per-
manent equipment has been installed in the new building.
The three non-demodulating radio-relay stations are situated
at Riddingshill (near Dumfries), Cambret Hill (near Gate-
house of Fleet) and Enoch Hill (near Stranraer). The total
route mileage is 1327, of which nearly 40 miles are over the
North Channel.

By the opening date, equipment for two channels in the
direction Carlisle to Belfast had been provided, each
channel having a band-width of about 5 Mc/s; one channel
carries the I.T.A. program, whilst the other channel is a
standby. At Carlisle the input video signal is fed simul-
taneously to both channels by a resistive splitting network
and 20 db wideband amplifiers, and at Ballygomartin the
radio-channel outputs are connected to the video circuits to
the television control at Telephone House, Belfast. Both
channels are monitored by synchronizing-pulse detectors,
and either channel may be selected as the main program
channel, depending upon the quality of the picture as dis-
played at the Belfast television control.

1t is expected that work on equipping the link for tele-
phony will start in the near future, and it will then be
extended to provide three channels from Great Britain,
one for television, one for telephony, and one standby or
protection channel. In the direction Northern Ireland to
Great Britain two channels will be provided, one for
telephony and one standby.

The radio link is designed to provide up to a total of
six channels in each direction. each channel being capable
of carrying a video signal, or one direction of transmission
of a 600-circuit telephony system. As a common aerial
system is used, the combining and separating of channels
is achieved by means of branching filters in the wave-guides.
Modulators, repeaters and demodulators can deal with either
television or telephony signals without requiring adjust-
ment, and at each station the channels will be used on the
basis of one common standby channel for every five working
channels; the standby channel, which is continuously
operated, will be switched into service upon failure of a
working channel, by baseband switching equipment at the
radio terminals under the control of continuity pilot tones
and detectors, but facilities will also be provided so that this
automatic protection can be overruled by manual selection.

On the oversea path Enoch Hill-Ballygomartin, height-
diversity reception is provided in order to combat the effects
of reception of unwanted signals reflected from the surface
of the sea. The equipment for this purpose comprises, at
each of these stations, an additional receiving aerial and
wave-guide feeder situated at a carefully selected height
above the main aerial. At Ballygomartin, the difference in
height is 45 ft. Bearing in mind that the radio wavelength
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is 7-5 cm, it will be appreciated that signals arriving at the
main and diversity aerials at the same instant will differ in
phase, and the aerial spacing is so chosen that, under
normal conditions of fading, a fade on the main signal is
compensated by a peak on the diversity signal, and auto-
matic-control circuits are provided to ensure that the two
signals always combine in phase. The essential parts of this
control system are:

(a) A ferrite modulator which phase modulates the signal
from the diversity aerial.

(b) A motor-driven phase-shifting device which operates
mechanically and ensures that the combination of the signals
from the two aerials is continuously maintained at optimum.

A point of interest is that this radio link is the first in
service in the United Kingdom to be provided with this
particular height-diversity reception facility, and experience
since the link was opened has indicated that a very steady
signal can be obtained in this way.

The television signals are conveyed from Ballygomartin
to Telephone House, Belfast, by unbalanced video trans-
mission on 375E coaxial pairs equipped with 20 db video
amplifiers. The main signal is transmitted to the Ulster
Television Centre, Mavelock Street, Belfast, for editing and
onward transmission, via Telephone House, to the I.T.A.
transmitter at Black Mountain; these circuits are provided
by unbalanced video transmission on 375E coaxial pairs
equipped with video amplifiers and waveform correctors,
hum balancers and longitudinal chokes as appropriate.

To guard against loss of program due to Post Office line-
equipment failures, standby video amplifiers are provided
at Ballygomartin, Telephone House and Black Mountain.
The amplifiers at Ballygomartin and Black Mountain can be
switched into service by remote control from the television
control at Telephone House.

R.A.D. W

Scotland
OVERHEAD RECOVERY UNIT

Recently, when it was necessary to recover a 10-mile
overhead route in Scotland West Area, the opportunity was
taken to mechanize the work using a “‘route-recovery unit.”

The unit consists of a framework into which is fitted
a petrol engine (from a recovered trailer winch). The
engine is connected by a shaft and vee-belt to a 15 : 1 ratio
gearbox (from a recovered trailer pump) which transfers
the horizontal drive to a vertical shaft, and the end of
this shaft is fitted into a collapsible reel. A further vee-belt
drives a compressor (from a recovered paint sprayer). Both
the compressor and reel are controlled by adjustment of the
jockey pulleys, which can allow the vee-belts to slip. An
impact spanner is also part of the unit; this tool looks not
unlike a household power drill, and is connected by an air
line to the compressor. Its function is to unscrew arm bolts,
which it does very successfully even when the threads are
firmly held by rust. The entire unit fits along the nearside of
a 2-ton vehicle which is fitted with a turntable extending
ladder and platform. One 4-man gang is necessary for the
work, the duties of each man being: vehicle driver, reel
operator, ladder operator and foreman.

The method of operation is as follows. The vehicle is
driven to the first pole. The ladder operator positions and
ascends the turntakle ladder, and cuts down the wires at
the insulators. The wires are caught and bunched by the
foreman waiting below. The ladder is then restored to the
driving position and the vehicle moves to the next pole. On
arrival there the ladder operator cuts down the wires on each
side of the insulators, and the span, of up to eight 150 1b/mile
wires, is fed into the reel by the foreman. The reel is
controlled by the operator inside the vehicle, who weighs
and stows each coil as it is completed. The time for the



recovery of each span can be reduced to about eight minutes,
after the gang have had a day’s experience.

Where recoveries of complete routes are being carried out,
the wire recovery unit is followed by a 3-ton slewing-jib
crane, borrowed from the Glasgow Area, which extracts the
poles very quickly. Some 40 miles of route have been
recovered by this means and the unit is now regarded as a
normal mechanical aid.

Since using this technique, performance ratings have
varied from 16 to 40, depending on the gauge of wire
handled. The staff appeared somewhat sceptical initially
but they are now very enthusiastic. Great credit is due to
the Glasgow Telephone Manager’s Area workshop staff
who constructed the unit and displayed endless patience
during the experimental period.

D. B.

OPENING OF AIRDRIE NON-DIRECTOR
EXCHANGE

Nearly 1,700 Scotland West Area subscribers previously
connected to Airdrie exchange (a U.A.X. No. 7) and its
relief, Wayside exchange (a U.A.X. No. 13), were introduced
to the code *“100” for operator assistance at the opening of
Airdrie non-director exchange.

For the first time in the Area, acceptance of the new
equipment was made jointly by engineering and traffic
divisions without further tests by the traffic staff. Pre-
transfer testing of the junction routes, involving over 170
junctions, was also carried out on a joint basis. As a
result of these successful joint acceptance tests, the transfer
to the new 2,600-multiple exchange took place on 14 January
1960, a week earlier than the agreed ready-for-service
date; an earlier transfer date could have been achieved
if the Christmas and New Year holidays had not inter-
vened. Experience of these joint tests, carried out in
close liaison between traffic and engineering staffs, indicated
that a considerable saving in manpower was possible
without prejudice to the satisfactory operation of the
exchange equipment. In addition, the time saved should,
in future cases, help towards achieving a transfer date
coincident with the ready-for-service date.

R. B.

Midland Region

PROVISION OF EMERGENCY TELEPHONES ALONG
THE LONDON-YORKSHIRE MOTORWAY IN THE
COVENTRY AREA

The provision of the emergency telephones along the
London-Yorkshire motorway involved the Midland, Home
Counties, and London Telecommunications Regions. In
order to ensure uniformity on a new project it was decided
to place contracts at Headquarters for the work involved
and to provide direct engineering control of the work in the
field by the External Plant and Protection Branch of the
Engineering Department.

The emergency telephones along the London-Yorkshire
motorway* are spaced at 1-mile intervals on both sides of
the motorway and are positioned so that each telephone on
the east side is opposite a telephone on the west side.
Following a comparative-costs study of providing such a
network, it was decided that cable should be laid along the
motorway with connecting cables to the appropriate police
headquarters. This gives each police headquarters control
of the section of motorway in its own territory. As far as
the Coventry Area is concerned this required the provision
of the largest and smallest control centres for the motorway
—the Northamptonshire County Police control with 54 tele-
phones in six groups, and the Warwickshire County Police
control at Rugby with two groups of two telephones each.

During the planning stage the consulting engineers for the

* TURNER, G. Emergency Telephones for the London—
Yorkshire Motorway. P.O.E.E.J., Vol. 52, p. 243, Jan. 1960.

motorway set up a large office near the line of the new road,
and this enabled an Area planning Assistant Engineer to
maintain close co-operation, and to establish with the con-
sulting engineer’s staff personal contacts which were
valuable throughout the work, particularly as the road
construction was organized in 4-mile sections each with its
own labour force and supervising staff.

There were eight such sections in the Coventry Area and,
as cabling was at one time proceeding in all sections, it
became necessary to appoint a full-time works Assistant
Engineer to ensure common methods of cable laying and
protection throughout. This officer controlled four Post
Office works supervisors on the cabling contract, and also a
group of Post Office jointers who followed closely behind the
cabling parties and inserted loading coils in joints at
1,760-yard intervals. The jointers also prepared the cable
tails at each telephone point; the tails were then buried
pending the delivery and erection of the pillars by the
contractors. A Land Rover was used to maintain contact
between sections separated by an unlevelled length of road.
It was only by adopting such methods that the necessary
rate of progress was obtained; in fact, the schedule was so
tight that the final tests were completed only 60 hours before
the motorway was officially opened.

Typical cross-sections of one carriageway of the motor-
way are shown in the first figure, indicating the cable position
stipulated by the consulting engineers—13 ft back from the
concrete haunch, on the outside of the French drain in
cuttings and on the outside of crash barriers on embank-
ments.

- = ~CENTRAL HARD SCRroNy
Rsssnvy CARRIAGEWAY SHOULDER
L ISFT # ,/36FT OR__24FT | L BFTX
{ 1 IFT
R - =i R EMERGENCY
%M X TELEPHONE
) CABLE
41N, STEEL PIPE TO FRENCH
EMERGENCY TELEPHONE DRAIN
OPPOSITE
chash  VERGE o RO . cARRuAGEWAY CENTRAL
BARRIER v,
\6FT, 8FT/,_ / 36FT OR 24FT  _, /ISFT__,

EMERGENCY
TELEPHONE

N L PREVIOUS GROUND
- LEVEL

TYPICAL CROSS-SECTION OF MOTORWAY SHOWING POSITION OF
CABLE

Only 1% miles of cable trench were excavated mechanically,
the main length of 29} miles being hand dug to minimize
disturbance of recently-graded embankments and to avoid
the use of mechanical diggers or moledrainers on the
recently formed and seeded hard shoulders. In this trench
a polythene-sheathed 40 1b/mile quad-type cable was laid
at a depth of 12 in. with a 3 in. surround of sand. A 6-pair
cable was used in the sections having more than one group
of telephones, and a 2-pair cable provided for each final
section and in the tail to each telephone. The positions of
every two telephones opposite each other, at the 1-mile
intervals, were linked under the motorway by 2-pair cables
laid in 4 in. steel pipes and jointed as shown in the second
figure.

Where rock or retaining walls were encountered in
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cuttings the cable was run in 2 in. asbestos-cement pipes
to the top of the cuttings. Under the 33 bridges 2 in.
asbestos-cement pipes were used for the full width of the
abutments, and through stone revetments this type of pipe
was further protected by a 4in. steel pipe used as a sleeve,
thus avoiding difficult joints between pipes. On the 21
viaducts the cable was passed through one of five 3in.
earthenware ducts laid directly under the paving slabs.

Daily tests were made on all cables laid, and faults were
cleared as they occurred. The faults were all due to
mechanical damage; most of them were caused by the use of
earth augers for digging post holes for signs and crash
barriers, and by bulldozers carrying out final grading on
embankments. There is, however, no doubt that the cables
were saved from many faults by being laid as late as possible.

For maintenance purposes two 1,800-yard lengths of
6-pair cable and of 2-pair cable are held in the Area in
addition to short lengths for patching. The long lengths are
only for interruption purposes and will be laid overground
between adjacent telephones should it be obviously im-
practicable to make a quick permanent repair of a fault.
Although east-side and west-side telephones opposite one
another are connected to different groups, it is possible to
test both their cable pairs by opening the plug joint at the
base of either telephone pillar (see second figure). This
facility is valuable owing to the prohibition on vehicles
making U-turns and on pedestrians crossing the motorway;
in the worst condition an 18-mile journey is necessary to get
a vehicle to the opposite side of the motorway.

With the opening of the motorway the telephones were
immediately in demand, and for the first few days the
Northamptonshire control was handling about 100 calls a
day. Now, after three months, the figure is about 20 a day.
Right from the start the police have given the utmost
co-operation at all times. Initially they carried out a daily
check of all telephones, but this has been reduced to a daily
test of the last telephone in each group. When a telephone is
reported faulty the police patrol first makes a check at the
pillar before calling the Post Office. Two Post Office
engineers, one at the control and one visiting the piliars,
carry out a check of all the equipment once a month to
ensure satisfactory working, the work being completed in
one day.

In two months there were three cable faults: one due to
low insulation in a joint, another caused by damage during
roadworks and the third due to subsidence. On one occasion
a lorry, running off the road, dragged the cable out of the
ground but caused no fault. The only control-apparatus
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faults were due to the tapped battery being unequally dis-
charged, and this has been cleared by a circuit modification.
Of four telephone faults reported, one was due to a faulty
selector resistor and the three others were caused by
receivers being left off by users.

The most serious maintenance problem is the amount of
travelling involved, as a linesman operating from North-
ampton has to travel 40 miles to clear a fault at any tele-
phone north of Heyford, owing to the previously-mentioned
restriction on U-turns.

For the protection of the maintenance staff and road
users the problem of safety precautions is being discussed
by the Engineering Department with the police authorities,
with a view to standardizing emergency-warning signs and
the lighting of such signs and obstructions in each county.

H. H.

S.T.D. AT EVESHAM

The third S.T.D. installation in the country, and the first
in the Midland Region, was successfully brought into
operation at Evesham, at 3.0 p.m. on Wednesday, 6 January
1960. Before an assembled company of the prominent
citizens of Evesham, including the Mayor, the Deputy
Director General, Mr. R. J. P. (now Sir Robert) Harvey,
C.B., made the inaugural call to London, to Sir Rupert de la
Bere, ex-M.P. for Evesham and Freeman of Evesham; the
Mayor later gave the signal for the service to be opened to
the public. Before 3 p.m. Evesham subscribers had dialling
access to 18,000 subscribers in their own and adjacent
charging groups—they now have dialling access to
24 million subscribers.

Evesham is a non-director exchange with some 1,300
exchange lines, and apart from the town-business load there
is a seasonal load associated with the market-gardening
trade, which at this time of the year is at its lowest level.
The number of trunk calls originating from Evesham and the
surrounding exchanges which were handled each day by
the operating staff during the summer months was about
2,400, of which 1,000 were from Evesham subscribers and
including 100 from public call offices, which now await the
new coin-box before being given S.T.D. facilities. It is
estimated that S.T.D. will allow approximately 65 per cent
of the 900 remaining calls to be dialled by the subscribers,
i.e. 590 per day.

The equipment was installed by the General Electric Co.,
Ltd.; it is of the electromechanical type, and is comprised
mainly of 40 register-access relay-sets, and 12 registers with
two translators. The electromechanical registers are shown in
the photograph. The trunk circuits are terminated on the
banks of two racks of motor uniselectors, onerack beingacces-
sible from the manual board and the other from the S.T.D.
equipment. Trunk routes link Evesham with London, Cardiff,
Bristol, Gloucester, and Birmingham. The Birmingham
route, which occupies a 40-availability group (23 actual cir-
cuits) on the motor uniselectors, is to Birmingham Anchor
trunk tandem exchange, and as well as providing access to
the Birmingham director exchanges also takes the calls from
Evesham to Edinburgh, Glasgow, Manchester, Liverpool
and other large centres in the north.

Beside the normal supervision of the installation and the
acceptance testing of the equipment, the Department’s work
in Evesham exchange included a certain amount of re-
arrangement of the existing equipment in connexion with
the observation circuits, traffic recorder, manual-board
circuits, and with the changing of selector levels for the
adjacent exchanges.

Modifications to suppress the dial tone on incoming
junctions were necessary at all U A.X.s No. 12 and 13
accessible from the S.T.D. equipment. This involved a fairly
extensive modification of the selectors at the U.A.X.s No. 12,
but there were only two such exchanges, with 20 selectors
between them. At the U.A.X.s No. 13 the incoming-junction
relay-sets had to be modified and separate 1st selectors had






ments to peg out the proposed lead-in centre line. The new
exchange manhole, sited on this line, was of the RTS8 type
suitably modified to fit the actual site and duct requirements.
A “window”’ of suitable size to take the lead-in ducts was left
facing the new exchange, and it incorporated a 6 in. p.v.c.
water barrier to provide a good water seal between the
manhole and duct block. The aperture was temporarily
filled in with 4} in. brickwork. To complete the work in the
road outside, 18-way and 12-way multiple-duct tracks were
laid to adjacent manholes, with provision for laying a further
éS-way multiple duct into the exchange manhole at a future
ate.

Octagonal and asbestos-cement duct had been considered
for the lead-in, but in conjunction with the Ministry of
Works it was finally decided that more efficient jointing
could be effected by the use of pitch fibre pipes; these
pipes, 8 ft in length and a % in. thick. have a 3} in. internal
diameter. The joints are made by tapping the spigot end
of a pipe into the conical collar of the preceding pipe. Hori-
zontal and vertical staggering of joints was attained by
cutting short lengths of pipe on site, the spigot end being cut
by a special tool supplied by the manufacturer.

Early in the building operations a sloping excavation was
cut along the proposed duct line to the exchange-manhole
wall, and the temporary brickwork removed from the
aperture. The standard practice of constructing a U-trough
was considered unnecessary by the Ministry of Works for
the laying of this type of duct. The timbered trench sides
were lined with a waterproof paper to prevent moisture in
the concrete from seeping away during the laying process.
It was, however, necessary to use shuttering for the portion
of the block which came above ground level.

A standard duct seal seemed unnecessary as the duct
entered the apparatus room above the surrounding ground
level, but as the road outside had a general rise it was possible
that water might be forced into the exchange by the natural
hydraulic gradient. It was, therefore, decided that a lead
duct-seal should be fitted at the manhole end. At the
exchange end each pipe was fitted with a special collar to
provide a } in. shoulder required as a bearing for a com-
pound gas-seal. In connexion with the lead seal, an angle-
iron frame was made by the Post Office, as a mounting for

the duct-seal fixing bolts; this was later placed in the
concrete surrounding the lead-in pipes.

Two timber templates of the 48-way formation were
constructed on site, the manhole end having the standard
5} in. duct centres, whereas at the exchange end the vertical
spacing was increased to 6in. to correspond with the
normal cable bearer-bracket fixing holes.

With the templates and duct-seal mounting-frame in
position a mesh-reinforced concrete base (6 in. thick) was
laid in the trench and the layers of pipes concreted into
position in the usual way, using 1 :2: 4 small-aggregate
mixture. The correct line and vertical spread of each pipe
was achieved by stretching a cord between the templates
above each pipe. As the eighth and final layer was laid,
two ladder hooks were placed above the pipes in the sur-
rounding concrete where it entered the apparatus room.
They are designed to support a removable bar and roller
device by which means the cable can be supported at the
duct lip during drawing-in operations, so removing the
possibility of sheath chafing.

The completed lead-in rises from the exchange manhole at
a gradient of 1 in 12 over a distance of 88 ft, and is below
ground level except where it crosses the narrow path
surrounding the exchange. Continuing through the test
room as a bulkhead, it enters the apparatus room at floor
level. Cables within the exchange will be supported on
standard cable bearers and brackets secured to a rolled-steel
joist within the outside wall, the whole being encased in a
removable timber cover.

Cabling will commence from the wall-side lower duct,
and the cables will pass over the first bracket. curve down
to the floor of the 104 in. deep cable trench and then turn
towards the main distribution frame. Joints between the
external cables and the 400-pair p.v.c. terminating-type
cable will be placed diagonally on the floor of this trench,
which will be 10 ft wide. Subsequent cables will, in turn,
take up the wall-side position before dropping down from
the bracket levels on to the floor and then turning towards
the main distribution frame. The separation between the
cabinet enclosing the cables and the fuse mountings on the
main distribution frame will be 5 ft.

D.J. M.

Associate Section Notes

Huddersfield Centre

A meeting was held in the Friendly and Trades Club on
Wednesday, 28 October 1959, when Mr. G. Howarth of
Kershaw's Nurseries, Slead Syke, Brighouse, gave a talk
entitled “Everyday Gardening.” The member’s questions
which followed were many and varied; the advice and
information received was most interesting and instructive,
and very much appreciated by the 20 members present.

On the evening of Tuesday, 24 November 1959, a party
of members went to the West Riding Constabulary C.I.D.
Block at Wakefield. The visit to this “Scotland Yard of the
North” consisted of a tour round the M.O. (Modus
Operandi), photographic and fingerprint departments, and
gave us an insight into some of the many ways in which
criminals are caught. The 26 members of the party were left
in no doubt that crime does not pay.

On Tuesday evening, 8 December 1959, Mr. G. Mallinson
(maintenance staff) presented his talk, “An Outline of
Amateur Radio,” in which he described the qualifications,
aims and achievements of radio “hams.” This was followed
by a practical demonstration in which contacts were made
with several local “hams.” Mr. M. Firth (P.A.B.X. con-
struction staff) then briefly described the types of aerial
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used and the circuit operation of the transmitter and
receiver. The meeting proved both interesting and enjoyable,
and was attended by 24 members.

D. B.

Hull Centre

The current session commenced on Thursday, 8 October
1959, with a 16 mm sound-film show, by Mullard, Ltd., on
transistors and transistor circuits. Other films included
one of the new techniques of radio astronomy.

We are very much indebted to members of the Institution
who have travelled long distances to give us interesting
papers on such subjects as ‘““The Fundamentals of Telephone-
Cable Design,” by Mr. A. C. Holmes, Training Branch,
Engineering Department, and “The B.P.O. 700-Type
Telephone,” by Mr. H. J. C. Spencer, Subscribers’ Apparatus
and Miscellaneous Services Branch, Engineering Depart-
ment. Both these talks were very well illustrated with lantern
slides and transparencies. Another paper on “‘Subscriber
Trunk Dialling,” was given by Mr. T. A. Barker of the
North Eastern Regional Office.

A joint meeting was held with the Kingston-upon-Hull
Electronic Engineering Society, when an admirable paper



on ‘“‘Radio Transmission through Space” was given by
Messrs. Humphreys and Webster, Chief Engineer and
Senior Design Engineer of Pye Telecommunications, Ltd.,
respectively. Members have also been invited to attend a
meeting of the Hull and East Riding Branch of the British
Computer Society, Ltd., on ‘‘Ernie,” to be given by Mr.
W. E. Thomson, Dollis Hill Research Station.

Our 1959-60 session ended with a dinner on Thursday,
10 March 1960, at which Mr. H. V. J. Harris, M.B.E.,
Telephone Manager, Hull Corporation Telephones, was
the guest speaker, and the annual general meeting in April.

The committee and officers thank members for their
support and look forward to a good 1960-61 session.

Leeds Centre

On Wednesday, 18 November 1959, 30 members travelled
to Blackburn to spend a day at the valve factory of Mullard
Ltd. The party were welcomed by the resident visits
organization officer, Mr. Swain, who, in an introductory
talk illustrated by photographs and diagrams, described the
development of the organization. In the lecture theatre a
film on the manufacture of high-quality valves was then
shown; it explained in detail how each component is fitted
in the assembly line to build up the complete valve, and
concluded with illustrations of the numerous tests to which
the various types of valve are subjected. The tour of the
factory commenced with a most interesting visit to the wire
plant. This was followed by an excellent lunch in the
visitors’ dining room. After lunch the tour continued with
visits to the assembly departments and the glass-tube
department The visit concluded with tea, after which the
chairman thanked the Mullard organization and staff for a
most instructive and interesting visit.

On Thursday, 3 December 1959, we held our Annual
Dinner and Dance at the Ringway Restaurant, Whitehall
Road, Leeds; 102 members and guests attended. The guests
included Lt.-Col. J. B. Sutcliffe (Telephone Manager,
Middlesbrough), Mr. F. Wood (Telephone Manager,
Leeds) and Mrs. Wood, Mr. E. Hopkinson and Mr. P. D.
Gilbey (Area Engineers, Leeds) with Mrs. Hopkinson and
Mrs. Gilbey, and Mr. A. K. Robinson (Regional Liaison
Officer). At 7.15 p.m. members and friends assembled and
introductions were made before dinner was announced.
It was stimulating to hear the pleasant sound of conver-
sation during this excellent and well-served meal and to
realize that all were epnjoying themselves. The resident
quartet played light music during dinner, after which the
chairman, Mr. C. Baker, proposed a toast to the guests of
the evening, referred briefly to the future policy of the
Centre and thanked members for their wonderful support
throughout the year. He concluded with good wishes to
all for the festive season. After Mr. F. Wood had replied
the remainder of the evening was taken up with dancing.
During the interval a floor show was presented by television
personalities Leslie and Bowland, with Robert Sinclair,
magician, and was thoroughly enjoyed by all.

C. B.

Sheffield Centre

Three particularly successful meetings were held during
the final quarter of 1959. At the first meeting, on 27 October,
a lecture was given by Mr. E. L. Davey of British Insulated
Callender’s (Submarine Cables), Ltd.,, on the 138kV
submarine power-cable between British Columbia and
Vancouver Island. A brief talk by the lecturer was
followed by an excellent colour film of the whole project
from the cable-manufacturing stage through to the switch-on
of power. On view were many photographs of the scheme,
and models of the scow, cable-laying gear and other equip-
ment used during the operation. In spite of a local transport
strike we had a large audience which included Associate
members from the Leeds and Doncaster Centres, and
members of the local Electricity Authority.

“The 250-foot Radio Telescope at Jodrell Bank™ was
the subject that attracted an audience of well over one
hundred on 24 November. The speaker was Mr. C. M.
Kingston of Husband & Co., the Sheffield firm of consulting
engineers responsible for the design and construction of the
instrument. After giving a simple outline of the principles
of radio-astronomy the lecturer mentioned some of the
factors to be considered when selecting a site for the
telescope. Altitude and freedom from abnormally high-
force winds were highly desirable features, and past weather
records of possible sites were studied before the final choice
was made. A film, “The Inquisitive Giant,” showed the
construction of the telescope, and was augmented by slides
to illustrate some of the more detailed points. After the
lecture Mr. Kingston answered questions as fully as the
preservation of trade secrets would allow, and hinted at
some possible future uses of the instrument such as the
tracking of guided missiles.

Our annual Christmas social was held on 12 December
and this year it took the form of a party, with a break during
the evening for an excellent meal. We are indebted to
Mr. A. Knowles and his wife for preparing and organizing
the fun and games and, as those present included all age
groups from six upwards, it was no mean feat to keep
everyone entertained all the time. Our Telephone Manager,
Mr. E. S. Loosemore, was once again our very welcome
guest.

J.E. S.

York Centre

The York Centre was re-opened for the 1959-60 Session,
after a lapse of seven years, with the following officers
present: Chairman: Mr. L. Chapman; Secretary: Mr. B, C.
Jackson; Assistant Secretary: Mr. M. Watson; Treasurer:
Mr. H. C. Johnson; Committee: Messrs. D. Bellwood, P.
Dring, R. Jackman, A. S. Shirley, A. Steventon and J.
Varlow.

The session was opened by a member of the senior
section, Mr. N. Heaton, who gave a lecture on ‘“‘Subscriber
Trunk Dialling.” with particular reference to its application
at York and Bridlington. The attendance at the meeting
was very encouraging to the committee and augured well
for the future.

Mr. A. C. Holmes of the radio interference section at
Scarborough,gave a practical demonstration and lecture on
“Stereophonic Sound Reproduction” and undoubtedly
showed the value of this medium as opposed to straight
monaural reproduction.

Messrs. Hubbard and Mack, Telephone Exchange
Standards and Maintenance Branch, Engineering Depart-
ment, provided an exceptionally interesting evening by deal-
ing with **Optical Aids to Development and Maintenance.”
This lecture showed how optics and, in particular, the use
of the high-speed camera play their part in shaping the
design of Post Office equipment, and the discussion con-
tinued until quite late.

The “Film Show’ in January proved to be the worst
attended of the meetings, due, no doubt, to the foggy
weather. Nevertheless, an attendance of 22 was highly
commendable in the circumstances and the meeting was
thoroughly enjoyed by those present. Four films were
shown: “Modern Gears,” “Under the River,” the story of
the Severn Tunnel, “Radio-isotopes in Industry,” an
interesting picture by the U.K. Atomic Energy Com-
mission, and ““Antarctic Crossing.”

Up to now a very successful session has been held, and
the committee are well pleased with the results following
the re-opening of the Centre.

B.C. L

Edinburgh Centre

It is gratifying to be able to report that the average
attendance at meetings this session has increased, although
there is still room for improvement.
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On 17 November 1959 the secretary again presented a
program of films, including “The Rival World,” by
courtesy of Petroleum Films Bureau, and ‘“Pan-Tele-
Tron,” by courtesy of Philips Electrical, Ltd.

At our meeting on 24 November 1959, Messrs. Hubbard
and Mack, Telephone Exchange Standards and Main-
tenance Branch, Engineering Department, presented a
lecture with illustrations, entitled “Optical Aids to Develop-
ment and Maintenance.” This proved most interesting
and the members present, especially those on automatic
exchange maintenance duties, were fascinated by the
demonstration of films which concluded the lecture. These
films consisted of photographs of the vertical and rotary
stepping of the shaft and wipers of a 2,000-type selector
which had been filmed by a high-speed camera at 3,500
frames/second.

During the course of the evening the Chief Regional
Engineer, Mr. R. J. Hines, presented a Certificate of Merit
to one of our members, Mr. W. Morrison, in recognition of
his essay entitled “Printed Circuits.”

D. M. P.

Chester Centre

The newly formed Chester Centre held its inaugural
meeting on 15 April 1959 and was addressed by the Area
Liaison Officer, Mr. T. A. P. Colledge, and Mr. Warren,
Regional Engineer, Wales and Border Counties Head-
quarters.

Membership of the Centre now totals 88 and the following
officers were elected: Chairman: Mr. D. Simmonds;
Secretary: Mr. E. M. Walsh; Treasurer: Mr. D. B. Hickie;
Librarian: Mr. M. Jones; Committee: Messrs. T. Parsonage,
E. Whitley, A. Fleet, S. Hoyle, J. Crewe and T. A. Rogers.

Our program opened with an interesting paper, ‘‘Area
Organization, Planning and Finance Control,” presented
by Mr. T. A. P. College. In November we welcomed Mr.
K. Gray, who gave his illustrated talk, ‘“‘Recent Develop-
ments in Auto Telephony.” A good attendance was
recorded at both meetings and lively question times
followed.

The visit to British Insulated Callenders Cables, Ltd.,
Helsby, proved very popular, and our hosts showed us all
the intricacies of a cable works.

Twenty members, drawn by ballot, paid a visit to Granada
T.V. Studios, Manchester. Mr. Paul Rycroft conducted us
on a most interesting and enlightening visit, and described
the control equipment and studio techniques required in
television productions.

We are looking forward to the other lectures and visits
on our program, and new members, particularly from the
external staff, are always welcome.

E. M. W.

Hereford Centre

An inaugural meeting was held at Hereford, on 17 October
1959, with a membership of 30. The following officers and
committee were elected: Chairman: Mr. E. Wellington;
Vice-Chairman: G. Jenkins; Secretary: Mr. E. A. Talboys;
Treasurer: Mr. H. D. Goodman; Committee: Messrs. D. C.
Booton, A. T. Daniels and F. E. Page. Following the
meeting an interesting paper, “A Subscriber Trunk
Dialling Digest,” was given by Mr. J. C. Price of Shrews-
bury; it was much appreciated by our members.

On 24 October 1959, a film, “Diesels in Industry,” was
shown. This was followed by a talk by Mr. McCrone of
Lister-Blackstone, and discussion went on into the late
hours of the evening.

Weather conditions on 14 January were at their worst
for a visit from Mr. A. H. C. Knox, President of the
Associate Section, Mr. Harrison, Liaison Officer, Home
Counties Region, Mr. Lamping, Liaison Officer, Post Office
Headquarters, Wales and Border Counties and Mr. L. G.
W. Barnsdall, Area Engineer, Shrewsbury Area. A talk on
“Appraisements and Promotions,”” by Mr. Knox, was
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received by a small but very appreciative audience. Our
visitors are to be congratulated on setting a fine example to
members, by attending our meeting in such adverse weather.

The rest of the program for the session included the

following:
2 March 1960: Mullard Film Show, “Conquest of the
Atom” and “From Us to View.”
29 March 1960: “Telecommunications within the
C.E.A.,” by Mr. Crofts, Central Electricity Generating
Board.
Visits were arranged to R. A. Lister, Ltd., Dusley,
T.R.E., Malvern, and a convenient power station.

Magazines are now circulating smoothly, books are being
requisitioned from the I.P.O.E.E. Library and members
are making use of the other facilities offered. May I,
in conclusion, appeal to interested non-members to join
the Associate Section and increase the strength of this
Centre.

E. A . T.

Shrewsbury Centre

In June 1959 a tour of Goodyear Tyre Co., Ltd., Wolver-
hampton, was arranged to foster the interest of the existing
members and potential members.

The following month we were extended an invitation
from the Radio Retail Trades Association to see two films
from Mullard, Ltd., at the Shrewsbury Technical College.

At the annual general meeting held on 30 July the
following officers were elected: Chairman: Mr. F. L
Roberts: Secretary: Mr. H. Christmas; Treasurer: Mr. R. G.
Paulson; Committee: Messrs. J. Callear, K. Nicholson,
E. Dodd, R. A. Jervis, G. R. Ridgway, A. Fieldon and
J. Fleming.

Since then we have had a varied and full program.

September 1959: A lecture on ‘“‘Subscriber Trunk Dial-
ling,” given by Mr. J. C. Price.

October 1959: Tour of the new automatic telephone
exchange.

November 1959: Film show. Four films from the I.C.L
and Aims of Industry film libraries.

December 1959: A talk on “Road Navigation and Rally
Experiences,” given by Mr. C. Vincent.

January, 1960: A lecture on “‘Optical Aids to Develop-
ment and Maintenance,” given by Messrs. Hubbard
and Mack, Telephone Exchange Standards and
Maintenance Branch, Engineering Department.

The membership has doubled since June which is very
encouraging. In the meantime we hope to continue with
many more items of interest.

H.C.

Cornwall Centre

The 1959-60 session commenced with a paper on ““Recent
Developments in Aerial Cables,” by Mr. J. Bluring, of
Reading. The paper dealt in detail with the various methods
of construction and the types of cable encountered. The
paper was illustrated by some very interesting films and
slides including some showing tests on aerial cables in the
wind tunnel at Farnborough.

For our October meeting we were fortunate to have a
paper from Mr. Hodge who was with the Whittle jet-engine
development team in the R.A.F. Mr. Hodge, who has
recently returned to Cornwall to develop gas-turbine
compressors for a Cornish firm, gave a historic account of
the gas-turbine engine and illustrated his paper with actual
parts from a jet engine.

One of the most interesting papers that the Centre has
yet heard was given in November by Mr. Proctor, O.B.E.,
Chief Regional Engineer, London Telecommunications
Region. This paper was entitled “Bits of Information: an
Introduction to Digital Computers.” Mr. Proctor put this
complex subject into everyday language so that all members
felt they had some knowledge of how a computer works.
The lecture was illustrated with a large number of pieces of



apparatus, including cold-cathode counting tubes. Mr.
Proctor was assisted by Mr. Paynter. The Centre hopes
Mr. Proctor will pay it another visit during 1960.

One of our members, Mr. K. Barlow, gave a paper on
“The New Coin-Box for S.T.D.” at the December meeting
and brought along a new coin-box as well as many other
pieces of apparatus, including a tape recording of pay tone,
etc.

Our lectures for the remainder of the 1959-60 session
were:

Januagy 1960: Mr. Bayley of Bristol gave a paper on

“Telex.”

February 1960: Mr. H. J. C. Spencer, Subscribers’
Apparatus and Miscellaneous Services Branch, Engin-
eering Department, gave an illustrated lecture on
“700-Type Telephones.”

March 1960: Lecture by Messrs. Little and Hix, External
Plant and Protection Branch, and Telephone Exchange
Standards and Maintenance Branch, Engineering
Department, respectively, on ““Subscribers’ Line Pro-
tection and the M.D.F.”

April 1960: Annual general meeting and a talk from our
Telephone Manager, Mr. H. C. O. Stanbury.

A. R. B.

London Centre

It was with great satisfaction that the London Centre
learned at Christmas that two of its members had received
awards for papers they had read during the 1958-59 session.
Mr. J. L. Garland, a Technical Officer in Long Distance
Area, received his award for a paper on “The Transatlantic
Telephone Semi-Automatic Switching Equipment,” read
before the Chatham Centre, and Mr. D. C. Greenaway, of
the Telephone Exchange Standards and Maintenance
Branch, Engineering Department, received his award for a
paper “Mobile Artificial Traffic Equipment,” read before
members of the Centre.

The November lecture of the present session was also
given by Mr. Garland, his subject on this occasion being
“The Continental Semi-Automatic Switching Unit.”” His
lucid lecture and the accompanying slides made an interest-
ing subject. This paper was also read before Associate
Section members of the Sheffield Centre in January 1960.
The technical film show in December 1959 proved popular;
it ranged from the heat of a glass-works, the Dutch film
“Glass,” which won an International scientific film award
in 1958, to the cold of Antarctica, ‘“Antarctic Crossing,” by
the Shell Film Unit. We were also indebted to Unilever,
Ltd., for lending us one of the only two copies of their film
“The Electronic Computer in Commerce,” a fascinating
introduction to computer techniques.

The penultimate lecture this session. ‘“‘Overseas Tele-
communications,” will be given by Mr. A. P. Hawkins,
who will talk about the work of the Cable and Wireless
organization. For the annual general meeting at the end
of May our guest speaker will be Mr. W. S. Proctor, Chief
Regional Engineer, London Telecommunications Region,
who will give his talk ““Automatic Aids in Telephone Main-
tenance” at the Institution of Electrical Engineers. To
supplement this talk the Telephone Exchange Standards
and Maintenance Branch of the Engineering Department
are kindly lending their display of latest developments, inclu-
ding the redesigned main distribution frame, solderless con-
nexions and the Type 4 uniselector, among other exhibits.

The opening rounds of the inter-Area technical quiz were
held before Christmas with East Area beating South-West
Area by 521 to 454 points, and London Test Section beating
Centre Area by 494 to 411 points. West and City Areas had
byes from their respective contestants, North and Long-
Distance Areas, who were unable to enter teams. It is hoped
that the semi-final will have been played by Easter, enabling

the final to be played during May and the quiz trophy to
be presented at the annual general meeting by our President.

Following a suggestion from the Centre committee that
there might be scope for an Associate Section film unit to
further the objects of the Associate Section, Centre Area
have decided to form the nucleus of this project. The first
venture will be the filming of the cable and duct reroutings
resulting from the Marble Arch road-redevelopment scheme,
which takes place this year, and will be a 16 mm black-and-
white film. Mr. S. Challoner (Balham A.T.E., 49 Upper
Tooting Road, Tooting, S.W.17, Telephone BAL 4063),
the librarian of the London Centre committee, is the chair-
man of the sub-committee organizing this project. He would
be interested to hear of the experiences of any other Centre
in this field.

The Radio group of the Centre have recently purchased a
Taylor 68 A/M signal generator with a Centre loan. It will
be available to the seven radio groups in the London Tele-
communications Region who are contributing to its cost.

D.W.wW.

Hitchin and Luton Centre

The annual general meeting of the Hitchin and Luton
Centre was held at Hitchin on 28 October 1959. The
meeting was well supported and the chairman’s report of
the year’s activities was favourably received. The following
officers were elected for the ensuing year: Chairman: Mr. L.
V. Little; Treasurer: Mr. M. W. Hardyman; Secretary:
Mr. E. T. Nicholls; Committee: Messrs. J. Addie, S. J.
Watts, R. N. Alston, P. C. Shaddick, L. W. Munday and
D. W, Edwards.

The draft constitution was presented by the secretary,
and after discussion it was prepared in its final form. The
program for the session was agreed with the final arrange-
ments left in the hands of the secretary. The chairman’s
report showed that the centre had a steady increase in
membership during the whole of its first year.

E. T. N.

Tunbridge Wells Centre

We are pleased to hear that Mr. C. D. Wickenden, of the
Tunbridge Wells underground staff, has received one of the
five awards for Associate Section papers for the session
1958-59 for his paper on “Gas Pressurization of Cables,”
which he read before the Centre on 29 January 1959.

At the October 1959 meeting of the Centre, Mr. Blue, of
British Railways, gave a talk on “Developments of British
Railways,” with particular regard to the Southern Region.
On 4 November 1959 Messrs. Pope and Jury, of the local
external planning group, told us something of the work that
is going on in connexion with the opening of the new
Tunbridge Wells exchange. Three exchanges will be merged
into this new exchange, namely, Tunbridge Wells Main,
Tunbridge Wells Relief and Southborough, and by 1965—
two years after the opening of the new exchange—it is
expected that over 11,000 lines will be required.

On 18 November 1959 we visited Lancashire Dynamo
(Nevelin), Ltd., at Hurst Green, Surrey, where we saw the
assembling of several large control consoles and many types
of switchgear. We were shown, also, the making of mercury-
arc rectifiers, from the glass blowing and forming to the final
testing.

Mr. Cheale gave a paper at the December 1959 meeting
entitled “The A.N. Minor Works Party,”” and Mr. Crockett
read his paper on “Metals” on 13 January 1960.

The next item on our program is a talk by Mr. Newman of
the London Telecommunications Region on the television
switching centre at Museum telephone exchange.

R.A. D.
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Staff Changes

Promotions

Name Region, etc. Date

Name Region, etc. Date

Deputy Engineer-in-Chief to Engineer-in-Chief

Mumford, A. H. E.-in-C.O. .. .. .. 1.2.60
Assistant Engineer-in-Chief to Deputy Engineer-in-Chief

Barron, D. A. E.-in-C.O. .. .. . 1.2.60
Booth, Capt. C. F. E.-in-C.O. .. .. .. 1.2.60
Chief Motor Transport Officer to Assistant Engineer-in-Chief
Calveley, C. E. E.-in-C.O. .. .. .. 1.2.60
Executive Engineer to Senior Executive Engineer

Yeo, B. F. E.-in-C.O. .. 18.11.59

Executive Engineer (Open Competition)

Claydon, D. J. E.-in-C.O. .. 11.1.60
Assistant Engineer to Executive Engineer

Janes, A. L. .. H.C. Reg. .. 23.10.59
Newman, J. 1. S.W. Reg. .. 23.10.59
Cox, D. S. E.-in-C.O. .. 23.11.59
Roach, J. D. . W.B.C. .. 17.11.59
Elkins, A. H. .. E.-in-C.O. .. 18.12.59
Jeffery, N. E. .. E.-in-C.O. .. 18.12.59
Lumber, A. L. E.-in-C.O. .. 18.12.59
Roberts, M. E. E.-in-C.O. .. .. .. 31.12.59
Day, H. B. .. E.-in-C.O. .. . .. 1.1.60
Jefferys, J. G. E.-in-C.O. .. .. .. 29.1.60
Assistant Engineer (Open Competition)

Adams, A. R. E.-in-C.O. .. .. .. 11.1.60
Watson, R. J. E.-in-C.O. .. .. .. 11.1.60
Mullins, B. W.B.C. 7.9.59
Inspector to Assistant Engineer

Stone, C. W. .. L.T. Reg. 12.11.59
Buck, W. G. .. L.T. Reg. 6.11.59
Bower, F. .. .. ETE. .. 30.10.59
Waldron-Kelly, H. C. N.W. Reg. .. 22.10.59
MclIntosh, D. T. .. Scot. 7.12.59
Taylor, F. J. R. L.T. Reg. .. 21.12.59
Truman, A. C. H.C. Reg. .. 20.11.59
Palmer, C. J. .. L.T. Reg. 30.1.60
Technical Officer to Assistant Engineer

Outhwaite, S. O. N.E. Reg. .. 22.9.59
Andrews, T. G. G. N.W. Reg. .. 1.10.59
Boughey, C. J. E.-in-C.O. .. .. 23.11.59
Livinstove, D. V. Scot. to E.-in-C.O. 23.11.59
Stalker, R. J. C. N.E. Reg. 16.11.59
Gardener, W. D. S.W. Reg. 4.11.59
Metz, A. R. .. L.T. Reg. 6.11.59
Glover, T. F. .. L.T. Reg. 6.11.59
Care, J. L. .. L.T. Reg. 6.11.59
Simmons, D. P. L.T. Reg. 6.11.59
Hair, J. A. S.W. Reg. 4.11.59
Wiper, H. .. N.W. Reg 19.10.59
Whittaker, R. D. N.W. Reg 19.10.59
Storey, J. .. N.W. Reg 16.11.59
Christie, W. C. .. Scot. .. 30.11.59
Wright, F. E. .. .. H.C. Reg. .. 17.12.59
Short, G. V. .. H.C. Reg 17.12.59
Wait, C. H. .. H.C. Reg 17.12.59
Stammers, R. J. H.C. Reg 11.1.60
Luke, A. E. H.C. Reg. 17.12.59
Rice, W. S. E.T.E. 21.12.59
Hall, E. R. .. E.T.E. 21.12.59
Struthers, J. .. .. Scot. 12.12.59
Brown, R. T. .. .. Scot. .. 14.12.59
Jones, A. .. .. E.-in-C.O. .. 31.12.59
Gauntlett, D. .. .. L.T. Reg 11.1.60
Douglas, H. J. L.T. Reg 21.12.59
Davies, L. A. .. L.T. Reg 21.12.59
Irish, L. W. L.T. Reg 21.12.59
Doherty, A. .. .. N.E. Reg 23.12.59
Curran, W. .. .. N.W. Reg 4.12.59
Goodrick, A. L. .. N.W. Reg 21.12.59
Stammers, R. J. H.C. Reg 11.1.60

Technical Officer to Assistant Engineer—continued

Whiteside, L. B. H.C. Reg. 12.11.59
Ashman, D. E. C. H.C. Reg. .. 19.11.59
Broom, L. G. C. .. Mid. Reg. .. 13.1.60
Rogers, J. O. .. .. E.T.E. .. 13.1.60
Wood, F. W. . E.-in-C.O. .. .. .. 11.1.60
Lake, A. G. .. S.W. Reg. .. .. .. 4.1.60
Murphy, R. J. S.W. Reg. .. .. .. 22.1.60
Middleton, J. L. N.W. Reg. .. 11.1.60
Draughtsman to Assistant Engineer

Mitchell, H. L. .. L.T. Reg. 6.11.59
Gore, T.L. .. .. L.T. Reg. 6.11.59
Technical Officer to Inspector

Edmunds, A. H. .. L.T. Resg. 6.11.59
Nokes, F. T. L.T. Reg. 6.11.59
Olley, S. A. L.T. Reg. 1.1.60
Hocking, J. L. L.T. Reg. 1.1.60
Moody, J. J. .. .. L.T. Reg. 1.1.60
Raison, W. G. W. .. L.T. Reg. 30.12.59
Lowry, G. .. .. Scot. 8.1.60
Spearing, W. W, .. Scot. 25.1.60
Shearer, J. M. .. Scot. 11.1.60
Technician I to Inspector

Williams, J. D. W.B.C 8.12.59
Bennett, W. .. L.T. Reg 23.11.59
Smith, W. H. F. E.T.E 23.11.59
Hislop, G. D. S.W. Reg 14.12.59
Chapman, R. E. W.B.C. 14.12.59
Parfitt, W. .. W.B.C. 10.12.59
Haslehurst, H. J. N.E. Reg 23.12.59
Williams, T. D. W.B.C. 4.1.60
Rogers, H. .. W.B.C. 1.1.60
Gaudion, T. L. W.B.C. 11.1.60
Mullinex, H. J. W.B.C. 11.1.60
Smith, H. I. .. N.E. Reg. 11.1.60
Magrath, F. M. C. L.T. Reg. . 1.1.60
Fielding, H. E. N.W. Reg. . 19.1.60
Hoyle, D. . N.W. Reg. . 19.1.60
Carr, G. R. N.W. Reg. . 19.1.60
Hall, A. N.W. Reg. . 19.1.60

Senior Experimental Officer to Chief Experimental Officer

Bowcott, H. J. E.-in-C.O. 23.12.59
Taylor, P. E. E.-in-C.O. 23.12.59
Senior Scientific Officer (Open Competition)

Champion, J. A. .. E-in-CO. .. 1.12.59
Scarbrough, R. J. D. E.-in-C.O. .. 31.12.59
Experimental Officer (Open Competition)

Fiddyment, D. G. E.-in-C.O. .. 23.11.59
Scientific Officer (Open Competition)

Meadows, R. G. E.-in-C.O. .. 24.11.59
Assistant Experimental Officer (Open Competition)

Cross, A. C. .. E.-in-C.O. .. 30.10.59
Haggett, M. E. E.-in-C.O. .. 9.11.59
Royle, R. J. .. E.-in-C.O. .. 31.12.59
Assistant (ScieiitiﬁS) (Open Competition)

Philpotts, C. A. (Miss) E.-in-C.O. .. 27.1.60
Technical Assistant 11 to Technical Assistant 1

Hide, M. G. E.-in-C.O. .. . .. 10.12.59
Smith, P. F. .. London Reg. to E.-in-C.O.  10.12.59
Yaxley, A. E. .. H.C. Reg. .. . .. 10.12.59
Potts, A. .. N.E. Reg. to E.-in-C.O. .. 10.12.59
Miles, S. B. .. N.E. Reg. to E.-in-C.O. .. 10.12.59
Shipway, A. R. H.C. Reg. .. .. .. 10.12.59
Pickles, A. .. E.-in-C.O. .. 10.12.59
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Promotions— continued

Name Region, etc. Date Name Region, etc. Date
Workshop Supervisor I to Technical Assistant 11 : Workshop Supervisor II to Technical Assistant II—continued
Parker, H. K. A. S.W. Reg. to E.-in-C.O. .. 10.12.59 | Bryce, R. N.E. Reg. 10.12.59
Beveridge, S. R. Scot. to London Reg. 10.12.59 | Clench, E. A. E.-in-C.O. .. 6.1.60
Wood, G. H Mid. Reg. to N.E. Reg. 10.12.59
Workshop Supervisor II to Technical Assistant 11 ‘

Raymond, G. H. H.C. Reg. to N.I. . 10.12.59 | Draughtsman to Leading Draughtsman
Harris, R. J. .. H.C. Reg. to E.-in-C.O. .. 10.12.59 Lewis, G. W. F. L.T. Reg. 16.10.59
Retirements and Resignations
Name Region, etc. Date l Name Region, etc, Date
Engineer-in-Chief ‘ Assistant Engineer—continued
Harris, Brig. Sir L. E.-in-C.O. 31.1.60 | Brignal,J. R. .. N.W. Reg. . 31.12.59
‘ Baker, W. H. .. Scot. 1.1.60
Senior Executive Engineer Fillmore, W. C. L.T. Reg. 10.1.60
Young, J. S. .. E.-in-C.O. .. 31.12.59 Houghton, H. L. L.T. Reg. .. 11.1.60
Marshall, W. J. E.-in-C.O. .. 31.12.59 Cecil, C. H. .. S.W. Reg. .. 16.1.60
Prichard, F. E. N.E. Reg. 1.6.59 | Jose, V.W. .. ETE 23.1.60
Billman, B. C. H.C. Reg 29.1.60
Executive Engineer Hobley H. F. G. L.T. Reg. 29.1.60
Hardy, J. Mid. Reg. .. 29.9.59 Price, R. J. (Reslgnea’) E.-in-C.O 8.1.60
Arthur, R. . Scot. .. 30.11.59 I
Ditchfield, J. A. N.W. Reg. .. 11.11.59 Inspector
Rayns, F. H. .. E.-in-C.O. .. 7.12.59 Culshaw, T. J. N.W. Reg. .. .. .. 31.10.59
Saunders, C. T. E.-in-C.O. .. 31.12.59 Brown, W. T. L.T. Reg. .. . . 22.1.59
Woodley, E. T. M. S.W. Reg. .. 18.12.59 . Gomm, F.J. .. S.W. Reg. 7.11.59
Steedman, C. A. S.W. Reg. .. 31.12.59 | Woods, D. T, S.W. Reg. 12.11.59
Chapman, C. W. H.C. Reg. .. 1.1.60 Evans, A. E. W. W.B.C. 15.11.59
Nicholls, P. A. E.-in-C.O. .. 1.1.60 Denman, J. H. N.W. Reg. 27.11.59
McQuarrie, J. J. Scot. 28.11.59
Assistant Engineer Frost, F. W. L.T. Il{{eg. ggﬂgg
Peterson, G. H. N.W. Reg. .. 30.9.59 Hall, A. R. .. H.C. Reg. 1l
Sutcliffe, E. N.W. Reg. .. 11.10.59 Pickford, F. W. W.B.C. 7.12.59
Johnson’ F. N.W. Reg' . 16.10.59 Wormald, A. R. N.E. Reg. 13.12.59
Linney, J. N.W. Reg. .. 17.10.59 Osman, A. S, .. S.W. Reg. 15.12.59
Hilsdén, H. E. L.T. Reg. 11.11.59 Ward, A. B. L.T. Reg. . ! g{%gg
Hingley, H. .. E-in-C.O. .. 27.11.59 Eadie, S. T. N.W. Reg. . 31539
Atherton, W. .. N.W. Reg. .. 9.12.59 May, G. S.W. Reg. . 20.12.
Cumming, W. Scot. 12.12.59 Frater, L. S. . N.E. Reg. 31.12.59
Hoare, J. H. .. S.W. Reg. 14.12.59 Preston, J. J. P, W.B.C. 31.12.59
Everson, W. E. H.C. Reg 18.12.59 Williams, R. S. W.B.C. 8.1.60
Trew, H. W. .. L.T. Reg, 18.12.59 Brunton, N. N.E. Reg. 14.1.60
Grimston, W. T. L.T. Reg 21.12.59 .
Smiddy, F. L. N.E. Reg 31.12.59 Scientific Officer
Hagon, W. R. E.T.E. 31.12.59 Brook, V. S. (Miss) E.-n-C.O. .. 5.11.59
Ganderton, W. G. . Mid. Reg. . 31.12.59 (Resigned)
Joannou, A (Reszgned) E.-in-C.O. . 31.12.59 . .
Loveday .C. H. E.-in-C.O. . 31.12.59 Assistant Experimental Officer
(Reslgned) Davis, P. (Resigned) .. E.-in-C.O. .. 20.11.59
Price, R. J. (Reszgnea’) E.-in-C.O. . 8.1.60 . L
Thompson, G. N.W. Reg. . 31.12.59 Assistant (Scientific)
Rothwell, A. .. N.W. Reg. . 31.12.59 James, P. M. (Miss) .. E.-in-C.O., .. 4.12.59
Graham, 'H. E. H.C. Reg. . 31.12.59 (Resigned)
Transfers
Name Region, etc, Date Name Region, etc. Date
Area Engineer Executive Engineer—continued
Dolan, W. H. W.B.C. to Malaya 19.10.59 Ephgrave, E. V. E.-in-C.O. to Min. ofSupply 16.11.59
Lang W. N. . Scot. to Malaya .. . 1.9.59
Executive Engineer . .
Rimmer, E. G. E.-in-C.O. to N.W., Reg. .. 9.11.59 Assistant Engineer
Partridge, J. G Cyprus to E.-in-C.O. .. 30.11.59 Sheldon, W. E.-in-C.O. to Scot. .. 14.12.59
Neill, T. B. M. Approved Employment to 14.12.59 Feldon, B. R. E.-in-C.O. to H.C, Reg. .. 4.1.60
E.-in-C.O. Mullins, B. W.B.C. to E.-in-C.O. 4.1.60

























NEW

Type H precision silvered mica capacitors—
the latest addition to the JMC range—are
suitable for use from — 70°C to + 250°C.
Silicone rubber protection safeguards their
outstanding performance at very high oper-
ating temperatures.

Fired construction

Two standard sizes covering all values from
SupF to 50,000uuF

Minimum tolerance -+-1% or --1uuF (which-
ever is greater)

Small physical size

Silver or silver-clad connecting leads

L R S O

Catalogue sheets describing the complete range of
FMC precision capacitors are available on request

Johnson <% Matthey

JOHNSON, MATTHEY & CO., LIMITED
73-83 HATTON GARDEN, LONDON, E.C.1 Telephone: Holborn 6989

Vittoria Street, Birmingham, 1. Telephone: Central 8004
75-79 Eyre Street, Sheffield, 1. Telephone: 29212
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FLAMEPROOF TELEPHONE SYSTEMS that are as versatile as their standard counterparts,
are today an essential requirement of all modern Oil Refineries and Chemical Plants.
The development and manufacture, by Ericsson Telephones Ltd., of this class of
equipment represents an important contribution towards safety in industry.

The Desk Telephone, incorporating the latest B.P.O. 1000 Q loop circuit, may be
used on Auto or C.B. systems. A push button can be provided for operator recall, etc.

The Telephone Bell, which constitutes a separate unit, also serves as the rigid line
termination point and is provided with four entries, one of which is used for the desk
cord connection to the instrument. The unit may also be used as an extension bell, in
which case blanking plugs are supplied for the unused entries.

The Distribution Box, with its main cable chamber and ten individually switched
outlets provides positive line isolation together with easy and economic line distribu-
tion. The capacity of the box is 10 pairs for local distribution and 40 pairs for looping
through to other boxes. The line terminal chambers can be opened only with the
switch in the ‘OFF’ position, which cannot be moved to ‘ON’ while the chambers
remain open.

With the exception of the main chamber sealing gland, all glands are threaded for
# in. conduit entry. The range covers the following permissible cable connections:—
Conduit, Single wire armoured cable, Tough rubber sheathed and Mineral insulated.

Illustrated above is a block schematic showing a typical telephone system based
on this new equipment.

ERICSSON TELEPHONES LIMITED —

HEAD OFFICE:— 22 LINCOLNS INN FIELDS, LONDON, W.C.2

TELECOMMUNICATION EQUIPMENT
FOR THE OIL & CHEMICAL INDUSTRIES

FLP

Certified by the Ministry of Power

FLP. 3651

FLP. 3652

FLP. 3653
This equipment conforms to B.S.S.
229. The Telephone and Bell/
Terminal Unit are accepted by the
B.P.O. as their Type Nos. N.266
and N.69.A respectively.

ETELCO LIMITED

TEL. HOL. 6936.

WORKS:— BEESTON, NOTTINGHAM AND SUNDERLAND.
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THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND

TELEPHONE WORKS * COVENTRY * ENGLAND

Works at COVENTRY 'LONDON - MIDDLE SBROUGH - PORTSMOUTH

It is now ten years since the first microwave radio link
was commissioned in the United Kingdom to
carry television signals between London and Birmingham.
The equipment was designed, manufactured and
installed by The General Electric Company.

Today GEC js responsible for over ten thousand
wideband channel miles of UHF radio links for television
or multi-circuit telephony throughout the World,

Recently the first part of an extensive microwave
complex in eastern Canada was commissioned using
GEC equipment to provide 300 speech circuits
and a television circuit between
Moncton and Saint John.

In the future wherever the people
of the world look or listen GEC will continue to

provide the link with success.

EVERYTHING FOR TELEGOMMUNIGATIONS

G.E.C. &8I
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ERICSSON

AMPLIFIED TELEPHONE

AMPLIFIED TELEPHONE HANDSETS, of reliable and
high quality performance, have been designed to improve
reception for subscribers with impaired hearing. In
addition, they may be used with advantage in certain
noisy locations where reception is inadequate.

These handsets — illustrated is the new ETELPHONE
version — are available in a variety of forms to provide
direct replacement for all existing types associated with
telephones manufactured by this Company, including
Local-battery instruments.

Power is taken from the instrument batteries in L.B.
installations but for C.B. systems the amplifier is
powered by the telephone line current.

) PRINTED CIRCUIT, SINGLE-TRANSISTOR
AMPLIFIER

3 NO LOCAL POWER SUPPLY REQUIRED SINCE THE
AMPLIFIER 1S POWERED BY TELEPHONE LINE
CURRENT

) ADJUSTABLE GAIN, CONTROLLED BY SUBSCRIBER

)  OVERLOAD CHARACTERISTICS OF AMPLIFIER
SAFEGUARDS THE SUBSCRIBERS HEARING

P MAXIMUM GAIN IN EXCESS OF 20 DECIBELS

BLACK

LACQUER RED
CONCORD BLUE
ELEPHANT GREY

FOREST GREEN
TOPAZ YELLOW
IVORY

FOR FURTHER INFORMATION PLEASE WRITE TO:-

ERICSSON TELEPHONES LIMITED — ETELCO LIMITED

HEAD OFFICE:— 22 LINCOLNS INN FIELDS, LONDON, W.C.2. TEL. HOL. 6936.
WORKS:— BEESTON, NOTTINGHAM AND SUNDERLAND.
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New Birmingham-Manchester
TV Channels
installed by

GEC'’s latest contribution to Britain’s
ever-expanding TV network is two additional
channels in the coaxial cable between
Birmingham and Manchester.

Only thirteen months after the order was
placed the channels were carrying traffic
. . . five months ahead of schedule.

The route includes seventeen repeater stations,
the equipment for which was

manufactured and installed by GEC with

the helpful co-operation of the

Post Office Engineering Department,

whose work greatly contributed to

the speed and success of the operation.

THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND
TELEPHONE WORKS - COVENTRY - ENGLAND

Works at Coventry, London, Middlesbrough, Portsmouth

WEST WALES
Mynedd Pencarreg - Blaen Plwy
Radio Link
Two Channels

KIRK O'SHOTTS

CARLISLE

MANCHESTER - CARLISLE
- GLASGOw
- KIRK O’'SHOTTS
Translation Equipment (Only)

EQUIPMENT

MANCHESTER - RIVINGTON MOOR
Coaxial-Cable Link
One Channel in each direction

Rivington including Translation Equipment

BIRMINGHAM-MANCHESTER
Coaxial-Cable Link
Three Channels in each direction
including Translation Equipment

BIRMINGHAM - LICHFIELD
Radio Link

Two Channels one direction

One Channel reverse direction

NORWICH
\ @ LICHFIELD ®
\ > )
AW ‘y
‘y
- 7,
2 BIRMINGHAM D LONDON - BIRMINGHAM 7,7
\‘% = \\\\\\ Radio Links /’/ LONDON - NORWICH
*\\ \\ NG Three Channels in each direction 4 Radio Link
W

Two Channels

LONDON - CARDIFF \S
Coaxial-Cable Link NN X
Two Channels in each direction X \\\ \\\ \\
including EUROVISION
CARDIFF Translation Equipment \\ \ \\

LONDON (MUSEUM)
- TOLSFORD HILL
Translation Equipment (Only)

Ay
-'/_

O3

WENVYOE

BRISTOL
CARDIFF-WENVOE
Coaxial-Cable Link
One Channel in each LONDON
di . MUSEUM - CRYSTAL PALACE
irection . ;
Translation Equipment (Only)
\\“\“
SOUTHAMPTON W
- CHILLERTON (l.OW))
Radio Link

Three Channels in each direction

Coaxial Links....

Signals by normal
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OSTERSUND

fde

SUNDSVALL

VASTERASEN

NSKOLDSVIK

Terminal Repeater

}960-C/'rcuir Copacity 2-Way Telephone Channe,
w——— >4/ Standby Channel ond Baseband Switching

& —»«— —2-Way Channel for Television and Sound
[ R »--—-»-—/=Way Channel for Television and Sound
* Television and FM Sound Programme Broadcast Transmitter

STC are supplying main line microwave telephone systems to 18 countries and have
already supplied systems with a capacity of over 4} million telephone circuit miles, 5,000
television channel miles and an equal capacity of standby equipment.

STC have a contract to supply and install a 4,000 Mc/s multi-channel telephone and
television network for the Royal Board of Swedish Telecommunications. Including
spur routes it covers an approximate total of 670 miles (1,100 km). The network will
join the large communications network of the south of Sweden to that of the north by
connecting the Stockholm-Sundsvall coaxial system with Boden where a coaxial system
extends to Kiruna. Thus, STC coaxial and microwave equipment will be in service
over nearly the whole route from Malmé in the south to Kiruna within the Arctic Circle;
a distance of over 1,600 km (1,000 miles).

Working and standby radio channels will be equipped with automatic baseband
switching equipment to ensure interruption-free service.

Each radio channel will have a traffic capacity of 960 telephone circuits, or one television
circuit carrying both picture and sound transmissions.

Standard Telecommunications Laboratories are responsible for the propagation tests
on the route.

One of 18 Countries having
STC MICROWAVE SYSTEMS

An independent 4,000 Mc/s system wusing the
same radio antenna system and carrying: Super-
visory and service channels, three broadcast
programme channels.

STC ARE ALSO
SUPPLYING ON
THIS CONTRACT

Remote Control equipment, Parabolic aerials,

Test Equipment, Entrance Cables

ELECTRONIC
SYSTEMS
GROUP

TRANSMISSION DIVISION: NORTH WOOLWICH : LONDON
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Srandard Telephones and Cables Limired

Registered Office: Connaught House, Aldwych, London, W.C.2
E16









THE EXTENSION TELEPHONES

THE SWITCHING TELEPHONE

with 4-button operation

Speak to Exchange
Extension telephones cannot hear the conversation

Speak to Extension (Exchange heid)
Exchange line cannot hear conversation between main
(switching) telephone and extension telephone.

Extension to Exchange
The conversation can be secret or non-secret
from the main telephone.

Release By depressing this button,
the other buttons that have been engaged are released
to their original positions.

Twin keys By depressing the appropriate key
the required extension telephone is called.

These telephones were designed in conjunction

with the British Post Office and are the only
telephones accepted by the British Post Office
giving full plan 5 and plan 7 facilities.

For further details please write to

THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND - TELEPHONE WORKS - COVENTRY - ENGLAND

WORKS AT COVENTRY - LONDON - MIDDLESBROUGH - PORTSMOUTH

This G.E.C. system permits two or three

telephones to be associated on one exchange

line using one switching telephone and one
or two extension telephones. Exchange calls
can be made or received by each telephone,
as required. Alternatively, any two of the
telephones can call each other and converse
independent of the exchange. The maximum
line loop resistance between the main

and an extension or between an extension

and the exchange is 1000 ohms.

The system can easily be connected to any

type of exchange, and is especially suitable

for commercial organisations where a secretary

can filter calls through the switching telephone

to an executive and/or his assistant.

G G&C.
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Telecommunications Division

Associated Electrical Industries Limited

Telecommunications Division
WOOLWICH, LONDON, S.E.I8

formerly the Telecommunications Division of
SIEMENS EDISON SWAN LIMITED, WOOLWICH, LONDON, S.E.18

TA3382
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in the line at Thorpefield,
Boroughbridge, Jeater Houses,
Walshford Bridge,
Scarcroft and Stokesley.

MIDDLESBROUGH

STOKESLEY

JEATER HOUSES

THORPEFIELD

TWO LINKS

BOROUGHBRIDGE A

WALSHFORD BRIDGE

Yorkshire

SCARCROFT

LEEDS

Lincolnshire

On 15th May 1852 the formal opening tock place of the extension of
the Leeds Northern Line to Stockton, establishing the first railway
link between Leeds and Middlesbrough. At that time only the most
elementary line telegraph communications existed.

In 1960, 108 years later, a further link has been established between
these towns with the installation of a large cable carrier telephone
system for the G.P.O. This has been supplied and commissioned
by A.T.E.

This system, operating on twin low capacitance cables, carries 60
channels in the 12-252 Kc/s frequency band on each of the 7 equipped
pairs.

AUTOMATIC
TELEPHONE & ELECTRIGC
GOMPANY LTD.

N .
e Be O

STROWGER HOUSE, ARUNDEL STREET
LONDON, W.C.2.

Telephone : TEMple Bar 9262

Telegrams : Strowger, Estrand, London

The repeaters are fed with power along the cable, eliminating the
need for expensive power plant at intermediate stations.

THIS IS THE FIRST INSTALLATION OF ITS KIND
IN THE UNITED KINGDOM

AT 8891
Suite of A.T.E.
baysides at the Middlesbrough

terminal station




38

INDEX TO ADVERTISERS

PAGE
Adcola Products, Ltd. .. .. .. .. .. 18
Automatic Telephone & Electric Co., Ltd. 25, 36-37
Associated Electrical Industries, Ltd. .. 24. 33
Avo, Ltd. .. .. .. .. .. .. .. 29
British Institute of Engineering Technology .. .. 18
Cathodeon Crystals, Ltd. .. .. .. .. .. 13
Ericsson Telephones, Ltd. .. 12,19
Evershed & Vignoles, Ltd. .. .. .. .. .. 17
Formica, Ltd. .. .. .. .. .. .. 5
General Electric Co., Ltd., The 1, 14-15, 20-21, 30-31
G. M. Power Plant Co., Ltd. .. .. .. .. 39
Great Northern Telegraph Co., Ltd. .. .. .. 6
Hivac, Ltd. .. .. .. .. .. .. .. 38
Johnson, Matthey & Co., Ltd. .. .. .. .. 7
Marconi’s Wireless Telegraph Co., Ltd. .. .. .. 32
Mullard, Ltd. 28, 34
National Salt Glazed Pipe Manufacturers’ Association .. 9
Neill, James, & Co. (Sheffield), Ltd. .. .. .. 29

Painton & Co., Ltd. ..
Pirelli-General Cable Works, Ltd.
Pitman, Sir Isaac, & Sons, Ltd.

Pye Telecommunications, Ltd.
Shell-Mex and B.P. Gases, Ltd.
Smith, Frederick, & Co.

Sontranic, Ltd.

Standard Telephones & Cables, Ltd.
Stonebridge Electrical Co., Ltd., The
Stone-Chance, Ltd. (Austinlite)

Telegraph Construction and Maintenance Co., Ltd.

Telephone Manufacturing Co., Ltd. .. e e

Tungstone Products, Ltd.

Turner, Ernest, Electrical Instruments, Ltd.
Westinghouse Brake & Signal Co., Ltd.
Whiteley Electrical Radio Co., Ltd.

Winn & Coales, Ltd...
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Dry Reed Relay Insert

. A gold-plated relay contact hermetically sealed
in inert gas for absolute reliability, high speed

and lew contact bounce.

maximum current .. . 250 mA
maximum resistive load .. 15 W
maximum closed resistance 50 mQ
minimum open resistance § X 10! Q

Actual size

Our Technical Service
Department is ready to
provide further details of
characteristics or

nominal operate ampere turns.. 120 AT
nominal release ampere turns . . 60 AT
operate time less than .. .. 2mS

bounce time less than .. 0'5mS application.
release time less than o's mS
‘ 1.E.A. EXHIBITION - OLYMPIA - LONDON - MAY 23-28

See the XS2 Dry Reed Relay Insert and other HIVAC
Products on Stand F.261.

A member of the Automatic
Telephone & Electric Group

Stonefield Way South Ruislip Middlesex

Telephone: Ruislip 3366

Hivagc Limited

$1

Published by The Post Office Electrical Engineers’ Journal, G.P.O., 2-12 Gresham Street, London, E.C.2,
and printed in Great Britain at The Baynard Press by Sanders Phillips and Co., Ltd., Chrysse'l Road, London, S.W.9
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