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surfaces of the rings may be provided with annular corruga-
tions which grip the edge of the diaphragm and tension it in
a radial direction. Another method of applying the tension
is to grip the edge of the diaphragm between a metal ring
and an oil-resistant rubber tube and draw it down into a
recess, as shown in Fig. 5. The diaphragm holder or
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BEFORE  CLAMPING

AFTER CLAMPING

Fic. 5.—A TENSIONING FRAME FOR DiarHrRAGM OF LAPPING
MACHINE.

tensioning frame rests on an annular support plate at such
a height that the diaphragm is just clear of the lower lap,
and is driven by a four-armed “‘spider”” which engages with
the crank pin of the driving shaft. As the driving shaft
rotates an eccentric motion is communicated to the dia-
phragm which carries the workpieces between the surfaces
of the laps. The frictional forces between diaphragm holder
and support plate and between workpieces and laps are so
related that the diaphragm gradually rotates on its axis and
the upper lap also rotates at a higher speed in the same
direction. The upper lap rolls round the restraining disc
and as a result the motion of the upper lap as well as that
of the diaphragm is compounded of a rotary motion about
its own axis and a rotation of this axis about the axis of the
machine. The upper lap is provided with holes through
which a suspension of fine abrasive powder in kerosene can
be introduced while the machine is running.

For making the diaphragm, metal foils, tracing linen and

various kinds of paper, in the thickness range 0-025 mm. to .

0-1 mm., have been used. Diaphragms of paper or linen are
prepared by fixing a sheet of the material to a wooden
frame and spraying it with cellulose lacquer. When dry,
the sheet is removed from the frame and cut to the required
shape, and the holes for the quartz plates are punched out.
The lacquer greatly strengthens the paper and renders it
proof against the lapping liquid. Good results have been
produced with diaphragms of commercial cellulose acetate
sheets, which are obtainable in thicknesses 0-05, 0-1, 0-15,
0-2 and 0+25 mm.

This type of machine is capable of dealing with thick as
well as thin quartz plates, but would seem to be best
employed to extend the range which can be dealt with by
the ordinary drill-press lap, that is, to work on plates
thinner than 0-25 mm. The grade of abrasive and the weight
of the upper lap can be chosen to suit the thickness of the
plates and the amount of quartz which is to be removed.

The abrasive used in lapping very thin plates is 3033 or
304 emery powder. The rate of lapping, using the former
powder and an upper lap weighing 500 grams, may be
expressed as a reduction in thickness of the order of 0-05
mm. an hour, when eight plates 12 mm. in diameter are

being lapped. The plates have a fine finish, with little edge
damage, and when- removed from the machine they
oscillate readily in a suitable test circuit, without further
treatment other than cleaning.

Circular AT-cut quartz plates have been lapped in this
machine to oscillate at a fundamental frequency of 30 Mc/s.
The thickness of these plates was approximately 0-055
mm., or roughly two-thirds the thickness of the paper on
which this article is printed.

The upper limit to the frequency that can be reached, so
far as can be seen, is determined by the lower limit of
thickness of diaphragms which can be used.

Performance Test of Machine.

The performance of the machine is illustrated by a test
carried out with a batch of eight circular quartz discs,
12 mm. in diameter, and ranging in thickness between
0-595 and 0-645 mm. Besides being of different thicknesses
the plates were not parallel, ‘that is, any given plate was
not of uniform thickness. They were lapped for four ten-
minute periods in a cellulose acetate diaphragm 0:1 mm.
thick. During the first two periods the plates were arranged
indiscriminately in the diaphragm apertures, and during
the third and fourth periods were arranged in a balanced
distribution of thickness. The results are given in Table 1.
The test serves to show that the machine produces plates
to a high order of uniformity of thickness and parallelism.
To achieve similar results by hand lapping, in a similar
period of time,, would require extremely skilled manipula-
tion.

TABLE 1
Perforimance Test of Lapping Machine
{Batch of plates lapped for four periods of ten minutes)

Thicknesses of quartz discs arranged in order of magnitude

Initial After After After After
dimensions 1st 2nd 3rd 4th
mm. Period Period | Period | Period
0-645 to 0-620 0-6075 0-591 | 0-580 0-570+ -
0:630t0 0-625 | 0-610to 0-600 | 0-590 | 0-580— | 0-570+
0-640to 0-600 | 0-6051t0 0-600 | 0-5875 | 0-5795 | 0-570+
0-620 to 0-605 0-600 0-585 | 0-578 0-570-+
0-620 to 0-600 0-5975 0-585 | 0-5775 | 0-570
0-610to 0-600 | 0-600to 0595 | 0:585 | 0-577 0-570
0-610 to 0-600 0-5925 0-583 | 0-577 0-570
0-610t0 0-595 | 0-590t0 0-585 | 0-583 | 0-577— | 0-570—
Average
thickness 0-614 0-599 0-586 | 0-5782 | 0-570
Total variation
of thickness 0-050 0-025 0-008 | 0-003 0-0005

Diameter of discs, 12 mm.

Abrasive, emery No. 3034 suspended in kerosene.
Approximate thickness of quartz removed, 0-044 mm.
Total lapping time, 40 minutes.

Note.—Measurements appearing on the same horizontal line do not
necessarily refer to the same plate.

Conclusion.

The machine described is a small one whose best sphere
of usefulness is in the later or final processes of lapping,
where good finish and high accuracy are required. A larger
machine, based on the same principle, has been constructed,
having 2} times the capacity and five times the lapping
speed of the smaller machine. This should ‘be useful as an
intermediate stage between the conventional drill-press lap
and the small finishing machine.
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The selector has therefore been designed to give either 20-
or 40-availability outlet groups as desired, by means of
strapping on a tag strip associated with the motor uni-
selector bank. Thus, within the bank capacity of 200
outlets, five 40-availability groups, ten 20-availability
groups or 6 to 9 groups of 20- and 40-availability can be
provided.

Association of Digits with Outlet Groups.

The motor uniselector is essentially a hunting switch
and is not designed for direct impulse controlled selection.
A P.O. type 2 uniselector, termed the digit switch, is used
therefore to respond to the impulse train and select the
motor uniselector wipers over which the call is to be routed
and the group of outlets, in the arcs swept by these wipers,
in which testing is required. This function is analagous in
some respects to the vertical stepping of the two-motion
group selector. Since only half of the outlets of the digit
switch are required for this purpose the wiring is duplicated
on the second part of the bank so that the switchmakes
only a quarter revolution per call.

The sixteen arcs of the motor uniselector are used in
five sets of three arcs (—, + and P wire), the sixteenth arc
being used as a group marking arc in the outlet testing
circuit.

Fig. 3 shows the use of the 51 outlets from the motor

uniselector bank. Out-
\ l Ll-zoj OUTLET GROUP A

lets 1-40 are used for
% E2|-4o OUTLET GROUP B

routing calls through the

exchange, theremainder
JE43, OVERFLOW CCTS-GROUP B

for overflow, spare digit
S =44-46— OVERFLOW CCTS.-GROUP A
D) &
80— SPARE DIGIT OUTLETS
47850 BUSY TONE OUTLET

and delay announcing
purposes. The method
F1G6. 3.~~ALLOCATION OF QUTLETS FROM
MoToRrR UNISELECTOR ARCS.

of selection of the
required motor uni-
selector arcs and outlet
group by the digit switch
is shown in Fig. 4. It will
be seen that reception of either of two digits selects a set of
motor uniselector wipers at digit switch arcs DS4, 5 and 6
in preparation for switching through the—, + and P wires.
For example receipt of digit 1 or 2 selects motor uniselector
wipers G1, 2 and 3. The group of outlets in the selected
arcs over which testing takes place is controlled by strapping
between the D and M tags. The testing relay circuit passes
via arc DS7, the outlets of which are wired to tags D1-D0O
so that after receipt of the impulse train the testing circuit
is extended to the D tag appropriate to the digit received.
To identify a digit with outlets 1-20 in the selected motor
uniselector arcs the appropriate D tag is strapped to M1 so
that the testing circuit is completed via the marking arc
G16 when the motor uniselector wipers pass over outlets
1-20. In a similar way testing takes place over outlets
21-40 if the D tag is strapped to M2. To provide a 40-
availability group the D tag of the digit of the pair available
which it is desired to associate with this group is strapped
to M3 and testing takes place over outlets 1-40. The
additional outlets marked are termed overflow outlets and
their function is explained later. The D tags of digits left
spare by 40-availability groups are strapped to the SP tag.
When these digits are received testing takes place over
outlets 48 and 49 and the selector switches to a spare digit
relay set on one of these outlets from which N.U. tone
is returned. Digits can also be spare because the outlet
groups with which they can be associated are not used.
The D tags of these digits are similarly strapped to the SP
tag.

The typical strapping between the D and M and SP
terminals shown in Fig. 4 gives the following use of digits.
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GRrOUPS BY DIGIT SWITCH.

Digit

Received! Outlet group tested Remarks

Spare digit outlets

Outlets 1-40, Arcs G1,
2 and 3.

Outlets 1-40, Arcs G4, ", "
5 and 6.

Spare digit outlets

Qutlets 1-20, Arcs G7,
8 and 9.

Outlets 21-40, Arcs - vy
G7, 8 and 9.

Outlets 1-20, Arcs G10, ' v '
11 and 12

Outlets 21-40, Arcs . -
G10, 11 and 12

Outlets 21-40, Arcs ' .
G13, 14 and 15. .

Spare digit outlets.

Partner digit 40-availabi.y
40-availability group

2

Partner digit 40-availability
20-availability group

~3 (=] [ 90 o [

o © W

Outlets 1-20, Arcs G13, 14 and
15 not used.

Impuising and Wiper Selection.

The circuit elements used in these operations are shown
in Fig. § and function as follows. Operation of relay A on
seizure of the selector operates relay B from the DS magnet
battery to earth at DS2 wiper. The DS magnet does not
operate to this current. Contact B4 operates relay C via
DS8 arc. Contacts B3 and C1 complete a circuit for energis-
ing C during the break pulses of the impulse train and C2
prepares a circuit for stepping DS. The selector is now
ready to receive the impulse train. Release and reoperation
of Al to the impulse train steps’DS to earth from Bl, the
DS magnet releasing in series with relay B. Relay B holds
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during the break pulses by virtue of the short-circuit on its
coil. During the first make pulse DS steps from the home
contact disconnecting the operate circuit of relay C at DS8
wiper and leaving C holding to the short-circuit on its other
coil by earth from Bl. During subsequent break pulses
C is re-energised by battery via B3. At the end of the
impulse train the short-circuit on C is maintained and C
releases to start the motor uniselector hunting.

Hunting, Testing and Switching to Outlets.

Fig. 6 shows the circuit elements used for these functions.
Battery testing with a two-coil high-speed relay working on
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Fic. 6.—HUNTING, TESTING AND SwiTCHING CIRCUIT.
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the “high-low” testing principle is used. The free condition
of an outlet is the 50-volt exchange battery via a 550-ohm
resistor. Relay C releasing during the inter-train pause
connects earth from contact B4 via arc DS8 and contact C7
to operate the latch magnet and start the motor uni-
selector running. The same earth is connected via MR, the
two coils of relay K in series, DS7 arc, G16 arc (when the
motor uniselector reaches the part of the arc to which the
selected D tagis strapped), DS6 arc to G3 wiper (assuming
digit 1 or 2 dialled). When the P wire of a free outlet is
reached relay K operates to the 550-ohm battery. K1 at
its break contact inserts the 2000-ohm coil of relay H in
series with the latch magnet. Due to the high inductance
of the H relay coil the latch magnet releases to this condi-
tion in 2-3 mS, stopping the motor uniselector on the outlet.
At its make contact K1 short-circuits MR and the 120-ohm
coil of relay K which holds on its 7-ohm coil. The outlet is
guarded against intrusion during the operate time of relay
H by this 7-ohm earth. The rectifier MR increases the
efficacy of this guard condition due to its non-linear
voltage/resistance characteristic. When a selector tests in
to a free outlet the rectifieris in series with the full 50 volts
and presents a resistance of about 80 ohms which does not
greatly limit the relay operate current. When testing
i to an outlet guarded by a 7-ohm earth the rectifier
presents a resistance of about 1000 ohms to the small
voltage on the outlet and so makes the non-operate condi-
tion for the testing relay less onerous. Relay H operates
in series with the latch magnet and guards the outlet with
earth from B2 contact. H2 and 3 (Fig.5) switch the negative
and positive wires through and release relay A. HT re-
operates relay C which at C7 disconnects the H relay
operate earth leaving H holding on its two coils in series
to the P-wire earth. Relay H is made high resistance so
that on clear-down of a call the paralleled H relays of the
selectors involved do not simulate the free condition of an
outlet to selectors testing in during the interval between the
removal of earth from the P wire and the self-disconnection
of the H relays from the P wire.

Release of relay A releases relay B and the selector holds
with relays H and C operated.

Release of Selector (I'igs. 5 and 6).

Disconnection of earth from the P wire at the end of a
call releases relay H which in turn releases relay C. The
release time of relays H and C provides an open period on the
P wire to release any preceding selectors.before connection
of guarding earth, (not shown in Fig. 5), from DSI arc via
C4 normal.

Ifthemotoruniselectorisonanycontactother than contact
51 the cam-springs GS1 are made and GS2 broken. Earth
from GS1 via C7 and H5 normal homes the motor uni-
selector while earth from B4 via DS3 arc and C2 drives DS,
but homing is not completed until GS2 makes, i.e. when
the motor uniselector has homed. This arrangement ensures
that DS always homes last thus permitting release guard
and alarm for both switches to be done from arcs DSI and
2.

Overflow Outlets.

Associated with each group of call-routing outlets is a
group of overflow outlets over which testing takes place if
all outlets in the main group are engaged. In the case of
outlets 1-20 the overflow outlets are numbers 44-46, for
outlets 21-40 outlets 41-43 are used and when outlets 1-40
are used as a single group, outlets 41-46 are also used as a
single overflow group. On outlet groups other than those
outgoing to trunk circuits the first outlet of the overflow
group is connected to a relay set which, on seizure, returns



busy tone and operates an overflow meter. The remaining
outlets of the overflow group are not used. The overflow
outlets of groups outgoing to trunk circuits are connected
to relay sets from which congestion or delay announcements
are returned. Fig. 7 shows a verbal announcement relay
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Fi1G. 7.—VERBAL ANNOUNCEMENT AND DELAY SWITCHING CONTROL
CIRCUIT.

set and the arrangements for switching a route to delay
working.

It is necessary under delay working conditions to permit
only the local Trunk Control Centre (T.C.C.) operator
access to routes in delay. This is done by providing
separate sections of the exchange for tandem traffic and
local T.C.C. traffic. These two sections combine at the
ultimate switching stage and test into the same outgoing

circuits but via two separate P wires. Normally these P
wires are connected in the outgoing relay set and congestion
announcement is connected to the overflow relay set.
When all outlets are engaged traffic from both sources over-
flows and receives the congestion announcement which
states that all lines are engaged and gives the exchange
name to assist the calling operator on tandem routings.
To switch a route to delay working the control switch for
that route is operated, disconnecting the congestion
announcement from the announcement relay sets for that
route and connecting the required delay announcement in
its place. At the same time battery is connected to the DL
leads of all outgoing relay sets on the route. The DL relays
of all free relay sets operate so that the whole route is
busied to tandem traffic by the disconnection of the free-
condition potentials from the tandem P wires. The P wire
into which the T.C.C. traffic tests is unaffected. The DL
relays of relay sets engaged on calls operate when the calls
clear. With all outlets busied to tandem traffic all calls
from this source overflow and receive the delay announce-
ment.

Should all the overflow outlets be engaged the selector
tests into outlet 47 in the case of digits strapped to tags
M1 and M3, and into outlet 50 in the case of digits strapped
to M2, and switches to an individual 550-ohm battery
in its own circuit. The selector holds to it own A relay
via contacts 47 or 50 and returns busy tone from the A
relay tone coil.

Selector Performance.

The impulsing performance of the selector is comparable
with that of the 2000-type two-motion group selector.
The time taken from the end of the impulse train to switch
to the 40th outlet varies between 330-430 mS depending on
the adjustment of the components concerned. The maxi-
mum release time of the selector from the switched condition
is 350 mS.
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Book Review .

“Radio Designer’s Handbook.” 4th Edition. Edited by
F. Langford-Smith, B.Sc., B.E.,, M.LR.E., AM.I.E.(Aust.)
Hiffe & Sons Ltd. 1482 pp. 42s.

Langford-Smith’s handbook was first distributed in Great
Britain during 1940 in its third edition. This new edition, with
its 1482 pages, 1s about four times longer and five times
costlier than its predecessor. Like the earlier edition, the
scope of this handbook is less comprehensive than its title
suggests, for it is restricted to radio-receiving and audio-
frequency reproducing systems. It does not deal with radio
transmitters, television, radar or radio aids to navigation, radio
measurements, or what is conveniently called ‘‘electronics.”
Aerials and receivers are considered almost entirely from the
point of view of broadcast reception, which limits the upper
frequency range to about 150 Mc/s and means that such
topics as microwave and single-sideband techniques, diversity
reception and the more elaborate types of receiving aerial
are not treated, or are dismissed summarily.

Apart from the general increase in space available for each
topic, the principal changes compared with the third edition
are the addition of chapters on loudspeakers, oscillators,
vibrators, and the design and testing of complete AM and FM
receivers. And a more than proportionate expansion has been
made in the sections on mathematics, negative feedback,

audio-frequency power amplifiers, sound recording and inter-
mediate-frequency amplifiers. On its chosen topics the book
is a mine of information, both in its text and in the lists of
references provided. Rather surprisingly, magnetic recording
receives a bare mention, but even so more than 400 pages are
devoted to audio-frequency recording, amplification and
reproduction. The approach generally resembles thatof the third
edition and as well as basic design data and formulae, worked
examples of design and practical circuits with component
values are included.

The author’s stated aim has been to make the book com-
prehensive and self-contained, which has led in some sections
to a treatment that sweeps rapidly from the very elementary
to the advanced. Thus, the mathematics section beginning
with “A figure (e.g. 5) indicates a certain number of a particular
object—e.g. five resistors or five radio receivers;. . . . ’’ passes
in a mere 14 pages to a list- of hyperbolic functions. The
chapters on valves and networks are similar in range. This
attempt at completeness the reviewer considers to be mistaken,
for the purchaser of an advanced handbook is unlikely to need
the elementary material, and those who do could not absorb it
at the rate at which it is provided. In all, it is a very useful
book, but one that might be more useful if it did not attempt to
combine the functions of the textbook and the handbook.

F.J.M L.
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A Mains-Operated Psophometer

U.D.C. 621.317.7 : 621.395.822

F. H. GOLDSMITH, B.c, AM.LEE.,
and J. A. WIDDICKS+

This article describes an experimental psophometer with improved characteristics designed as a self-contained unit for mains operation.
The overall accuracy of voltage measurement is within 3 per cent. as compared with the C.C.LF. tolerance of 5 per cent.

Introduction.

HE psophometer, or circuit noise meter, was

I designed originally with the primary object of
measuring the subjective effect of noise interference

induced on telephone lines from power system conductors.
Following a meeting of the Commission Mixte Internationale
at Dollis Hill in 1930, it was agreed that the valve-voltmeter
method of measurement should be adopted internationally
and that a precise specification for a suitable instrument
would be drawn up by the C.C.I.F. This was prepared, and
with subsequent amendments, comprises the recommenda-
tions now in force; thesc were agreed by the XVIth Plenary
Assembly of the C.C.L.F. held in Florence in 1951,

The psophometer is essentially a valve-voltmeter measur-
ing the R.M.S. voltage of a complex audio frequency signal,
and incorporating a frequency weighting network. A
complex voltage is measured in terms of an equivalent
single frequency signal which would produce the same
subjecrive loudness when applied to a normal telephone
line and receiver. .

The use of the psophometer has extended in recent years
from the function of power circuit noise interference
measurement to the measurement of overall noise on trans-
mission lines and equipment; applications are found in the
acceptance testing of audio and carrier transmission equip-
ment as well as in maintenance investigations. The
instrument was intended originally to measure periodic
voltages of constant amplitude such as would be induced
from a power conductor, but a specification for the meter
time-constant has allowed a limited application in the
measurement of noises of varying intensity.

Two types of psophometer are in current use in the Post
Office; both of these are battery operated, and the weighting
networks and amplifiers are contained in separate boxes.
It was considered desirable to develop a mains-operated
psophometer which would be completely self-contained.
Since it was found that psophometers were seldom used in
locations at which there was no A.C. mains supply, and in
view of the availability of the older designs, provision in
the new design for battery operation as an alternative to
mains operation was not warranted.

This article describes an experimental model, the principal
features of which are:—

(@) a new method of input transformer screening which
allows the C.C.L.F. specification in respect of input
terminal symmetry to be met with an adequate
margin,

(b) weighting networks designed by the insertion-loss
synthesis technique, instead of, as formerly, by
constant impedance section methods. The “flat” loss
introduced by the networks is reduced, and a closer
approximation to the specified weighting values is
obtained,

(¢) a low-pass filter with a nominal cut-off at 12 kc/s to
reduce possible interference from carrier telephone

-frequencies,

(d) a push-pull amplifier circuit which minimises the
effect of mains hum in the low-level part of the circuit,

(¢) a new type of square-law meter circuit, depending on
the multiplicative effect of two signals applied to

iThe authors are respectively Senior Executive Engineer and
Assistant Engineer, P.O. Research Station.
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separate grids in a hexode valve of the frequency
changer type. This circuit has the advantage over
previous metal rectifier square-law circuits of being
insensitive to ambient temperature changes and of
not requiring the special selection of components. A
zero setting adjustment is necessary.

Outline of Circuit.

Fig. 1 shows the various units of the psophometer circuit.
A pre-amplifier (Fig. 2) placed before the weighting net-
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F1G. 2.—SiMmpPLIFIED CIRCUIT OF PRE-AMPLIFIER.

works provides a high input impedance and enables a
constant generator impedance to be presented to the weight-
ing networks. The use of a push-pull circuit overcomes
mains hum trouble due to A.C. filament heating and eases
the problem of eliminating regenerative coupling at sub-
audio frequencies between the amplifier stages. A com-
bination of voltage and current feedback maintains the
correct output impedance by stabilising the effective A.C.
resistance of the output valve. The pre-amplifier is foll-
owed by the low-pass filter and the weighting networks, a
three-position switch selecting the required network, giving
a “flat,” “broadcast” or “‘telephone’ characteristic.
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Fi16. 3.—THE SQUARE-LAwW METER CIRCUIT.

The three-stage main amplifier which follows employs
three double-triode valves in a push-pull circuit and pro-
vides sufficient voltage gain to operate the square-law
meter circuit (Fig. 3). The indicating instrument is a
microammeter connected between the anodes of the square-
law circuit hexode valves. A separate audio amplifier stage
allows for loudspeaker or headphone monitoring without
disturbance of the meter reading.

A double triode oscillator provides a calibration reference
voltage. Good amplitude stability is obtained by deriving
the grid bias from a gas-filled voltage reference tube. This
voltage in conjunction with the large common cathode
resistance accurately determines the limiting amplitude in
the oscillator feedback loop.

A conventional mains-operated stabilised power supply
is included. Special circuit features are dealt with in the
following sections.

Input Transformer and Attenuaior.

In order that accurate measurements may be made of
the transverse voltage on well balanced lines in which there
is a large induced longitudinal voltage, a very high degree
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FiGc. 4—METHODS OF SCREENING INPUT TRANSFORMERS.

of input balance is required of the psophometer input
transformer. The specified test is that an earth-connected
generator of 10V at 800 c/s applied to the input terminals
through separate 300 ohm resistors should not produce an
effective transverse voltage of more than 1075 times its own
value. Some difficulty had been experienced in previous
psophometers in achieving this degree of balance and a
different method of input transformer screening has been
adopted in the new instrument. Fig. 4 contrasts the two
methods of construction. The principal feature of the new
design is that current cannot flow in the primary due to
asymmetry in the distributed capacitance of the winding to
a screen. Each half of the primary winding is contained
in a separate screen with the screens connected to the
respective ends of the windings. Provided that the screens
are capacitively balanced to earth, the two halves of the
primary winding and the screens will be at the same
potential under the conditions of the symmetry test, and
balance is therefore unaffected by inequality of inductance
or of distributed capacitance in the two halves of the
winding. A trimming capacitor is provided to allow an
accurate adjustment of balance to be made.

The transformer screening is provided by concentric
brass bobbins, on which an outer layer of copper foil is
soldered. A saw-cut through each bobbin and a suitably
positioned overlap of the outer foil prevents the screen
forming a closed electric circuit. An input balance of
4-5 X 1078 (ratio of effective transverse to longitudinal
voltage) is obtained in practice at 800 ¢/s. Variation of the
residual unbalance with frequency shows it to be almost
entirely capacitive.

Owing to the steep upward slope of the lower portion of
the attenuation-frequency response of the telephone
weighting network, the effect of harmonic distortion of low
audio frequencies in the psophometer is greatly accentuated,
and care must be taken to ensure that such distortion is
insufficient to produce any appreciable error. Ideally the
input range attenuator should precede the input trans-
former to avoid transformer overload at low frequencies
but it proved difficult to provide a practical design which
would maintain the specified input balance on the lower
voltage ranges. The attenuator has therefore been placed
between the transformer and the pre-amplifier. No
appreciable transformer overload occurs with transverse
input voltages up to 1V.

Voltage ranges in decimal multiples of 1 and 3 have been
found suitable, and the attenuator provides for full-scale
deflections of from 100 mV to 1V in 9 steps. A separate
attenuator preceding the input transformer is provided to
allow the measurement of unbalanced inputs of up to 100V.

Weighting Networks.

The weighting network circuits are shown in Fig. 5, and
the telephone weighting design function curve derived from
the C.C.LLF. specification in Fig. 6. The networks are
designed for an input circuit resistance of 1,500 ohms and
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Fic. 5.—THE WEIGHTING NETWORKS AND Low-pass FILTER
INTERCONNECTIONS.
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an output resistance of 5,000 ohms. The+method of
determining an insertion loss function to fit a set of specified
values and the synthesis of a network from this function
has been described by Linke.!

Square-Law Civcuit.

The square-law circuit uses two hexode valves in a
manner suggested by Pierce.? In the valve used (CV 132)
the mutual conductance between the control grid potential
and anode current is closely a linear function of the
oscillator grid potential over a suitable range of values.

In the circuit used, equal and opposite signal voltages
are applied to the oscillator grids of a pair of CV 132 valves,
and about half of one of these voltages is applied to the
control grids in parallel. The following analysis shows the
method of operation. Symbols for voltages and currents
represent incremental changes from the “no-signal’” values.

If 44, and 44, are the respective anode currents, gm, and
gme are the respective control grid/fanode mutual con-
ductances, ¢ is the input signal voltage and A;, &, . . .
are constants, then:
' tay = kygm e
tay = ky gma €

But gm, and gm, are linear functions of the voltages on the
oscillator grids.

gm = ky + kge
gmy = Ry — kge

Thus combining the two results,

Tay = ky(ky + Rge) e
. Ry(ky — kee) €
Jotag — 'L.ag = k462

Thus the 1nstantaneous difference between the two anode
currents is proportional to the square of the signal voltage.
A moving coil microammeter (150 pA F.S.D.) 1s connected
between the two anodes, so that the current flowing through
it is proportional and nearly equal to 75; — %4, Since the
meter records the time average of the current passing
through it (for audio frequency signals) the meter deflection
is proportional to the mean square value of the signal
voltage. The response of the square-law circuit is shown
in Fig. 7. An input of about 5V (R.M.S.) is required for
full-scale meter deflection. As the circuit is required to
give a true R.M.S. reading on waveforms of large peak
factor the provision of meter overload protection would be
difficult, and an instrument has been obtained which is
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Fic. 7.—INpur VOLTAGE/METER CURRENT CHARACTERISTIC OF
SQUARE-LAW CIRCUIT FOR SINGLE FREQUENCY (1 kcfs) INPUT.

capable of withstanding an overload current of at least 30
times its F.S5.D. current.

The meter time-constant and damping are within the
C.C.I.F. specification; on a step input,* 90 per cent. of the
steady reading is reached in 170 milliseconds and the over-
shoot is 7 per cent. .

Mechanical Construction.

The assembly consists of a front panel and two
chassis mountings. One chassis holds the pre-amplifier,
main amplifier and weighting networks, the other the
square-law circuit, oscillator, audio stage and power unit.
The front panel measures 19 in. X 10% in. and the assembly
is 10 in. deep.

Performance.

The instrument meets the C.C.I.F. specification in all
respects. Space considerations preclude the reproduction
of the specification; the main points covered are: accuracy
of frequency weighting, a minimum value of input im-
pedance, accuracy of square-law characteristic on peaky
waveforms, input terminal symmetry and indifference to
external fields.

The overall accuracy of voltage measurement is within
3 per cent. against the C.C.I.F. tolerance of 5 per cent.
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The Birmingham-Manchester-Holme-Moss
Television-Cable System f

R.J.HALSEY, B.sc., M.LEE.,
and H. WILLIAMS, A.c.G.I.,M.LE.E.

Part 1.—Transmission Requirements, General Design Considerations and Cable Characteristics

U.D.C. 621.397.242:621.396.65

The television transmitter at Holme Moss is connected to Birmingham by a two-way transmission system on standard $-in. diameter
coaxial cable and thence to London via the earlier system on 1-in. coaxial cable. The new link is the first to be based on the recom-
mendations of the C.C.LF. for the transmission of television signals within the frequency band 60—4,000 kc/s, approximately, as an

alternative to 960 telephone channels.

Part 1 of the article describing this system deals mainly with the transmission requirements based on provisional C.C.LF. recommenda-
tions and target specifications agreed between the Post Office and the B.B.C., the general design considerations which arose, and the
characteristics required of the cable. The H.F. line system and frequency-translating equipment will be described in Part 2 which

includes details of the overall performance obtained.

INTRODUCTION

T is the responsibility of the Post Office to provide the
Inetwork of point-to-point television links required in the

B.B.C. plan for connecting the television transmitters to
the programme control centres. No standard method of
provision has yet been adopted; Birmingham and London
were initially corinected by a radio-relay system operating at
about 900 Mc/st and subsequently by a system on 0-975-in.
coaxial-cable pairs operating in the frequency range
3-7 Mc/s;? another radio-relay system using frequencies of
about 4,000 Mc/s has recently been installed between
Manchester and the Scottish transmitter at Kirk o’Shotts.
For the Birmingham-Manchester—Holme-Moss link the
television signals are transmitted over §-in. coaxial pairs of
the type standardised for multi-channel telephony; the
London-Wenvoe link has been provided in a similar
manner and with equipment which is technically identical.
_ From the inception of wide-band transmission on coaxial-
pair cables the Post Office has borne in mind the use of such
plant for the transmission of television signals.® The use of a
common type of plant for both telephony and television
results in much greater flexibility, common specifications
and certain economic advantages. Internationally, study of
the problem commenced in 1938 when questions were
initiated by the 3rd Study Group of the Comité Consultatif
International Téléphonique (C.C.1.LF.).* These studies were
dropped during the 1939-45 War but were subsequently
restarted with the result that, in 1946 at Montreux, a
specification for the performance of a high-frequency system
for $-in. coaxial-pair cables was agreed.® The recommenda-
tions recognised that, provided certain precautions un-
necessary for telephony were taken in the manufacture of
the plant, the future European coaxial-cable network would
be suitable for the transmission of television signals of
3,000-kc/s video bandwidth; this is appropriate to the
standards adopted in the United Kingdom. Considerable
attention has been given to the problem since this date,
although very little change is to be seen in the current
C.C.L.F. recommendations.%7

The standard foreseen for international telephony?® is a
16-supergroup (960-circuit) system transmitted over £-in.
coaxial pairs in the frequency band 60-4,028 kc/s, with line
pilots at 60 (or 308) and 4,092 kc/s; the repeater-station
spacing will not exceed 10 km (6-2 miles). This is suitable for
transmission of the 3,000-kc/s video signals, the require-
ments for which do not affect in any major sense the spacing
of repeater stations, although correction of delay distortion

+ This article is a shortened version of the paper of the same title
presented at the I.E.E. Television Convention in 1952. Permission
to reprint in this form is gratefully acknowledged to the Institution
of Electrical Engineers.

* The line equipment described in Reference 9 was designed for 11
supergroups, but only 10 are equipped. . ]

1 If the integer is odd the signal will be inverted so that this
condition is not really acceptable.

1 For references see end of article.
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and more accurate correction of attenuation distortion
(involving greater attenuation of echoes) are essential. In
order to provide for the transmission of a 3,000-kc/s video
signal it has proved desirable, however, to increase the
frequency of the upper line pilot to 4,340 kc/s. It may well
be that, in a few years’ time, it will prove practicable and
economic to use the same line amplifiers for the two purposes.
For the routes now being considered, however, this is not
economic.

The prototype system of telephony at present used in the
United Kingdom*® provides 10 supergroups on $-in. coaxial
pairs, with a maximum repeater spacing of 6 miles. The
transmission band on the cable is 60-2,852 ke/s, and the line
amplifiers have a uniform gain of 48 db. over this range, being
preceded by appropriate line-attenuation equalisers. In
this system the line amplifiers are conveniently arranged with
three valve stages and overall negative feedback. Increasing
the highest transmitted frequency from 2,852 to 4,340 kc/s
has necessitated increasing the number of valve stages, but
more recent developments point the way to the design of a
more economical line amplifier which will be suitable for
either telephony or television.

In order to accommodate the 3,000-kc/s video band within
the transmission band available, it is essential to use an
asymmetric-sideband system of modulation; there is in-
sufficient bandwidth for both sidebands and a single-
sideband system is technically impracticable. The C.C.I.F.
makes no detailed recommendations in this respect in its
earlier specifications but has lately recommended!? a carrier
frequency of 1,056 kc/s, which is the same as that already
adopted by the British Post Office and here described. In
the United States, a system for the transmission of television
signals, having a video bandwidth of 2,800 kcfs, over -in.
coaxial-cable pairs has been standardised.l! In this, the
signals are transmitted as the upper sideband and vestigial
lower-sideband of a 311-kc/s carrier, the frequency range
involved being 200-3,111 ke/s. The Birmingham-Manchester
system was the first commercial link in the world to be based
on the C.C.I.F. specification.

OVERALL TRANSMISSION REQUIREMENTS
Provistonal C.C.I1.F. Recommendations.

The C.C.1.FF. has made some provisional recommendations
in respect of the overall transmission requirements for tele-
vision signals; although it is not specifically stated, these
may be presumed to apply to a single link of 1,000 km,

Band of frequencies effectively transmitted.—A frequency is
said to be effectively transmitted if the following limits are
observed: .

{(a) Between 30 cfs and 200 kc/s, the phase/frequency
characteristic does not depart by more than -+ 6°
from a straight line having a zero-frequency intercept
of zero or an integral multiple of 180°%



(b) Above 200 kecfs the group delay is uniform within
4 0-1 microsec.

{¢) The gain/frequency characteristic is uniform within

about - 2 db.

The recommendations state that, on $-in. coaxial-cable
pairs, it is probable that the band of frequencies so trans-
mitted will be from about 30 c/s to about 3,000 kc/s.

Difference between propagation times of vision and sound.—
The difference between the minimum group-delays on the
two channels should not exceed 0-1sec., but this is considered
to be so large that it will not impose a limitation in practice.

Signal/noise ratio.—The minimum acceptable ratios
between the peak-to-peak voltage of the picture signal
(excluding synchronising pulses) and the peak-to-peak
voltage of the noise are:

(@) For sporadic impulse noise, 30 db.

(b) For continuous random noise, 35 db.

(¢) For pattern noise, 50 db.

Crosstalk.~—Expressed in the same manner as for noise
interference, the crosstalk interference from another system
(television or telephony) should not be worse than 50 db.

Non-linear distortion.—This should be negligible for
variations in the signal amplitude of at least 45 db.

Transmission Performance agreed between the B.B.C. and the
Post Office. ’

In the present state of the art it seems unlikely that the
C.C.LF. recommendations, particularly in respect of group-
delay distortion, can be met for a chain of separately
equalised links. A review of known information has led to
the specification of a required transmission performance
baced on the assumption that up to four long-distance links,
totalling about 500 miles, may be used in tandem connec-
tions. It is not yet practicable to specify rigidly all of the
transmission characteristics of a single link, but Table 1
gives the overall video-to-video target values and tolerances
for a four-link network which have been jointly laid down
by the B.B.C. and the Post Office.

TABLE 1
Attenuation|Frequency Chavacteristic

Frequency ‘ Attenuation limits relative to 0 db. at 100 ke/s
‘kefs \ db.
Up to 500 { +1
500-1,000 Increasing linearly from -+ 1 to 4+ 15
1,000-2,800 l Increasing linearly from + 1-5 to + 2:5

The network should also provide significant transmission
at 3,000 kc/s.

Phase|frequency characteristic.—From 50 cfs to 200 kc/s,
the phase/frequency characteristic should not deviate by
more than 4 6° from a straight line having a zero-frequency
intercept of zero or an integral multiple of 360°.

From 200 kc/s upwards, the group delay measured with a
modulating frequency of 100 kc/s should not exceed the
limits given in Table 2.

TABLE 2
; Group delay limits
Frequency | relative to 0 uS at 200 kejs
ke/s nS
200-2,000 + 015
2,000-2,500 + 0-25
2,500-2,800 4+ 0-5

The characteristic should not show sudden excursions
between these limits.

Transient response.—The response to a step waveform
having a 10-90 per cent. rise-time not greater than 0-05

microsec. should have a rise-time not exceeding 0-16
microsec. Limits for other features (e.g. overshoot and
ringing) of the response have not been specified in view of
the probable adoption of the “sine-squared” pulse as a test-
signal for indicating the waveform distortion which corre-
sponds to attenuation and phase distortion in the upper part
of the frequency range.

Linearity.—The amplitudes of synchronising pulses
should remain between + 10 per cent. and — 30 per cent.
of their nominal value with any variations of picture content
of the video signal. These are provisional limits which take
into account the possibility of reshaping synchronising
pulses at the broadcasting transmitters.

For the picture signals, the value of gamma should not
vary beyond the limits 0-9 to 1-1.

Signaljnoise vatio.—Expressing the signal/noise ratio in
decibels corresponding to the ratio of the peak-to-peak
voltage of the picture signal (excluding synchronising
pulses) to the peak-to-peak voltage of the noise, the mini-
mum values should be 35 db. for uniform-spectrum random
noise, 27 db. for random noise having a non-uniform
spectrum of the type occurring in a frequency-modulation
system (a limit of this order also applies to noise of the type
occurring in the cable link described) and 50 db. for periodic
noise.

It is appreciated by all concerned that these requirements
are very severe and that the best available techniques may
be inadequate to ensure that they are met fully. Moreover,
it is recognised that the specification is incomplete in that it
does not, as it stands, ensure the satisfactory transmission
of the signals. The ultimate criterion must be a subjective
appraisal of picture quality, and the finer points in the
transmission requirements are undefined—and probably
undefinable—at present.

GENERAL CONSIDERATIONS IN DESIGN
Facilities Requived.

The specific requirement covered in this article was for a
link giving simultaneous two-way transmission between
B.B.C. premises at Birmingham (Broad Street) and Man-
chester (Piccadilly) and thence to the transmitting station
at Holme Moss, some 18 miles east of Manchester. The
Manchester office functions as a switching centre controlling
distribution to Holme Moss and links going north; in
addition it controls outside broadcasts from the Manchester
area.

Method of Provision.

At the inception of the scheme, a cable with four £-in.
coaxial pairs was about to be laid between Birminghamand
Manchester for telephony, and it was possible to increase the
number of pairs to six to cover the television requirement at
a relatively small increase in cost. Similarly it was possible
to include extra coaxial pairs in a new Manchester-Sheffield
cable along the greater portion of the Manchester-Holme
Moss route, only the last few miles being required as a
separate project. The integration of telephony and tele-
vision requirements led to the adoption of the cable scheme
as being cheaper than radio relay for providing the television
link.

Design Problems.

In the asymmetric-sideband system, which is necessary to
preserve the low-frequency video response, frequencies near
the carrier are transmitted as both upper and lower side-
bands, suitably proportioned and tapering to normal single-
sideband transmission for video frequencies above about
500 kcfs. In order to avoid direct break-through of the
video frequencies it is necessary to employ double modula-
tion in the frequency-translating equipment.

Owing to the stringent requirements in respect of delay
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distortion it is necessary for the carrer requency to be
transmitted over the system, although a measure of selective
amplification of the carrier at the receiving terminal would
be permissible. The choice of an erect or inverted sideband
(i.e. with the carrier near thelower or upper end respectively)
depends on the following arguments:

(a) The effect of random noise on the picture is greater at
low frequencies than at high frequencies. Less low-
frequency noise is therefore contributed by the line if
the sideband is erect and if rising-gain amplifiers are
used instead of conventional attenuation equalisers
and flat-gain amplifiers.

(b) If an erect sideband is transmitted, harmonics of the
carrier, generated by non-linearity in the frequency-
translating equipment or line equipment, will fall
within the sideband and, if of sufficient amplitude,
will lead to periodic interference in the picture,

(¢) From a wider point of view than the present project,
an erect-sideband system would be usable, without
modification, on an H.F.line system of more
restricted bandwidth.

On balance the argument is in favour of erect-sideband
transmission with a high degree of linearity to minimise the
generation of carrier harmonics.* After discussions with the
Post Office a contractor produced frequency-translating
equipment of this type, using a carrier frequency of
1,056 kc/st and a transmission band 500-4,056 kc/s; this
equipment has been provisionally adopted as standard.

The television links provided and projected for the B.B.C.
are diverse in character, and there is no prospect at present
of making tandem connections except at video frequencies.
Since the frequency-translating equipments introduce sig-
nificant amounts of distortion, the permissible distortion in
the H.F.-line systems or radio-relay systems is corre-
spondingly reduced.

The above considerations, together with the agreed
specification for overall performance and some supple-
mentary subjective tests carried out by the Post Office,
determined the performance requirements for the line
amplifiers; these requirements represent a very high
technical standard. ‘

It has been noted that rising-gain amplifiers are an
important feature of an erect-sideband system of trans-
mission, and in order to standardise the design they are
arranged to compensate for exactly six miles of cable. Any
mileage deficiency between repeater stations is corrected
by the addition of cable-simulating networks.

A requirement for the transmission of television signals,
which is non-existent for telephony, is that short echoes,
such as might arise from reflections within a repeater section,
shall be highly attenuated. This necessitates both a high
degree of uniformity of the cable, including joints, and high
return-losses between the cable and the amplifiers. Previous
amplifiers designed for telephony only have a very low
return-loss at the output, although that at the input is
relatively high by virtue of the constant-impedance line
equaliser which precedes the amplifier proper.

It was found that the new line amplifiers could not be
constructed within the physical dimensions of the standard
amplifiers used for telephony and so some rearrangement of
coaxial-line and control bays was necessary although most
of the standard auxiliary equipment was retained. Line
pilots of 308 and 4,340 kc/s were adopted, the former con-
trolling the overall gain and the change-over to reserve line
amplifiers when the normal amplifiers fail; the difference
between the levels of the two pilots at the receiving terminal
determines the insertion of temperature equalisers.

* The later developments previously referred to may make an
inverted-sideband transmission the more desirable.

+ This frequency lies midway between the 812-1,052-kc/s and 1,060-
1,300-kc/s supergroups used for telephony.
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CABLE
Type.

The signals are transmitted on coaxial pairs which are
identical with those already standardised for wide-band
carrier telephony. For the majority of the way between
Birmingham and Holme Moss the cable consists of six
0-375-in. coaxial pairs around which are laid four layers of
normal audio-frequency quads. In addition there are 32
audio-frequency pairs in the interstices of the coaxial pairs;
some of these interstice pairs are used for control purposes.

For the transmission of the television signals two coaxial
pairs are used, one in each direction; the remaining four
coaxial pairs have been equipped to carry standard 600-
circuit carrier systems. The enclosure of the six coaxial
pairs and the 376 audio-frequency pairs under the one lead
sheath enables maximum use to be made of a single duct.

Llectrical Characteristics.

The coaxial pairs have characteristic impedances well
within the specification limit of 75 +- 1 ohms at 2,500 kc/s.
The measured attenuation/frequency characteristics are
very uniform and are shown typically in Fig. 1 for a tem-
perature of 10°C. The dielectric losses are negligible, and,
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for the purpose of line-amplifier design, the attenuation
was assumed to have a maximum value of 4-014/f db./mile
at the highest cable temperature (22°C) where f is in
megacycles per second. The group delay is shown in Fig. 2.
The insulation resistance exceeds 5,000 megohm-miles at
20°C and the pairs are capable of withstanding an R.M.S.
alternating voltage of 2,000V applied for two minutes.
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Joints.

The cable was drawn into the ducts in standard 176-yd.
lengths. During manufacture it was carefully graded to
minimise impedance changes between adjacent lengths, and
the joints are so proportioned as to have the same impedance
as the coaxial pairs. Tests taken on each repeater section
indicate that a very close limit on the impedance irregu-
larities has been maintained. Fig. 3 shows a typical
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impedance/frequency characteristic for a repeater section,
the specified maximum impedance deviation from a mean
smooth curve being 3 per cent. Measured by a pulse-
reflection method in which D.C. pulses of 0-l-microsec.
duration are applied to the end of the repeater section, the
return loss at the joints is of the order of 70 db.; this results
from small errors in joint dimensions and impedance
mismatch between adjacent lengths.
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Seventh Plenary Meeting of the C.C.L.T., Arnhem, 1953

U.D.C. 061.3:621.394
Introduction.

N May of this year representatives of some 31 countries
Iassembled at Arnhem, Holland, for the Seventh Plenary

Meeting of the International Telegraph Consultative
Committee (C.C.I.T.). The C.C.I.T., as an international
body, is relatively small—the total number of delegates,
representatives and officials attending the meeting was not
more than about 250—and it was thus possible for the
Netherlands Administration to arrange adequate accom-
modation for the conference in this pleasant provincial town.
Although Arnhem, scene of the airborne invasion in 1944,
suffered extensive damage during the ensuing battle, con-
siderable progress has been made with the work of
reconstruction. The town, which is somewhat in the nature
of a tourist centre for the surrounding country, is, for its
size, very well supplied with amenities and it proved to be an
excellent choice of venue for the conference.

The Sixth Plenary Meeting of the C.C.I.T. was held at
Brussels in 1948.! The Seventh Plenary Meeting was'duetabe
held in 1951, but it was decided to postpone this meeting,
its place being taken by meetings of most of the constituent
Study Groups at Geneva in 1951.2 By a special arrangement,
approved by the Administrative Council, the Study Groups
were empowered to issue ‘‘provisional recommendations”
or alternatively “draft recommendations,” which would
achieve the status of provisional recommendations if not
objected to by any of the Administrations concerned in the
C.C.LT. This procedure was adopted so as to give point to
the work of the Study Groups and minimise the effect of the
two years delay due to the postponement of the plenary
meeting. In the event the innovation proved to be of great
use in crystallising the position on a number of questions
and it considerably facilitated the work of the Study Groups
at Arnhem where time was somewhat limited.

The Arnhem meeting was the first plenary meeting of the
C.C.I.T. to be held under its revised rules of procedure,
adopted at Brussels, following on the Atlantic City Con-
vention. In the past the conference has opened with a

1 P.O.E.E.]., Vol. 41, p. 68.
2P.O.E.E.J., Vol. 44, p. 86.

plenary assembly which then broke up into separate
committees for specialised subjects and was only re-united
for ratification of the wvarious recommendations and
resolutions towards the end of the conference. This per-
mitted meetings of the technical commissions to continue
almost throughout the whole period of the meeting,
administrative and general questions being dealt with
simultaneously in other special commissions or in meetings
of the Heads of Delegations. Under the revised rules the
Study Groups set up at the previous Plenary Meeting, hold
preparatory meetings immediately prior to the next
Plenary Meeting, and prepare reports and recommendations
for presentation to the Plenary Assembly. The Plenary
Assembly has also to deal with any other matters of general
or administrative interest. Amongst the questions of this
character to be dealt with at Arnhem was the very important
one of the possible fusion of the C.C.I.T. and the C.C.L.F.
It was inevitable that with such a vital question on its
agenda the period allocated to sessions of the plenary
assembly had to be more extended than would otherwise have
been necessary and seven out of the sixteen working days
available had to be reserved accordingly. Nevertheless by
dint of great pressure good progress was made on technical
matters during the remaining available days and much of
the work on which the Study Groups had been engaged
since the Brussels meeting was brought to a satisfactory
conclusion.

Technical Discussion.

Among the technical matters on which agreement was
reached was an extension and revision of the definitions
relating to telegraph transmission and signal distortion to
take into account new ideas mainly arising from the wider
use of teleprinter switching systems. A large number of new
recommendations and improvements to current recom-
mendations relating to the standardisation, operation and
maintenance of voice-frequency telegraph channels and of
start-stop regenerative repeaters were agreed. Recom-
mendations were also issued on points regarding the opera-
tion of teleprinters, on the code used (Telegraph Alphabet
No. 2), and on the use of teleprinters in inter-continental
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relations. Agreement was reached on several important
points of principle affecting the interworking between
national teleprinter switching networks in the international
telex service. In respect of phototelegraphy opportunity
was taken to hold a meeting of the joint C.C.I.T./C.C.L.R.
Study Group for phototelegraphy and agreement was
reached regarding standards applicable to the extra-
European field. Discussions took place and agreement was
reached on problems associated with the facsimile trans-
mission of large weather charts, the advice of the C.C.1.T.
on this subject having been sought by the World Meteoro-
logical Organisation. The use of direct recording facsimile
equipment for the transmission of telegrams and business
documents in general was also reviewed. Other matters
dealt with by the Study Groups were the revision and
improvement of the regulations covering the international
telex service, revision of operating methods in the public
service, means of speeding the transmission of international
telegrams, utilisation of emergency routings, questions
related to the specialised leased telegraph networks em-
ployed in the international aeronautical services, and
rationalisation and definition of telegraph terms and
graphical symbols.

General Discussion.

General questions dealt with by the Plenary Assembly
included one related to the methods whereby the C.C.I1.T.
could contribute to the general programme of technical
assistance to underdeveloped countries. It was agreed that
future publications and recommendations should be drawn
up with a view to making them as educative as possible.
Of interest in this connection was a decision to revise the
numbering and classification of current recommendations
to facilitate reference. Coupled with this the Plenary
Assembly set the Study Groups the somewhat formidable
task of revising and unifying the texts of all recom-
mendations issued before the Seventh Plenary Assembly.

Discussion on Fusion of C.C.I.T. and C.C.I.F.

Overshadowing all else in the deliberations of the Plenary
Assembly was the question of the possible fusion of the
C.C.I.T. and C.C.LLF. This question had been raised at the
Plenipotentiary Conference at Buenos Aires in 1952 and the
Plenary Assemblies of the C.C.I.T. and C.C.LLF. (Inter-
national Telephone Consultative Committee) were asked to
give the matter detailed consideration and formulate
appropriate recommendations for submission to the next
Administrative Telegraph and Telephone Conference. At
the same time the Administrative Telegraph and Telephone
Conference was authorised to approve the amalgamation of
the C.C.1.T. and the C.C.LF. into one permanent organ of
the Union, should it judge this course to be in the best
interests of the Union as a whole.

In coming to this decision the Conference wasto be guided
by the recommendations made by the C.C.I.T. and the
C.C.I.F. Theproposal before the Plenipotentiary Conference
was made with a view to simplifying so far as possible the
organisation and working methods of the C.C.L.s with a
view to securing increased efficiency and realising financial
savings. Supporters of the proposition also claimed that
many technical problems are now common to the telegraph
and telephone services and are frequently dealt with by the
same experts, and therefore amalgamation of the two
Committees would make it possible to reduce the number of
meetings, and economies would be effected by reducing the
number of journeys made by experts actively concerned in
the work of both Committees. Discussions at Arnhem
ranged over a wide field and views expressed showed a
fairly evenly divided body of opinion for and against
amalgamation. Two committees were set up, one to con-
sider in detail the question as to how far the work of the
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Study Groups of the C.C.I.T. overlapped that of theStudy
Groups of the C.C.ILF., and the other to consider the
financial aspects of amalgamatlon The committee dealing
with the Study Groups reported that almost without
exception the activities of the C.C.L.T. Study Groups were
so specialised that whatever re-organisation was brought
into effect, they would need to retain their individual
character. The second committee dealing with the question
of the structure and cost of a unified Directorate and
specialised Secretariat reported that amalgamation was
likely to have very little effect on the total expenses con-
cerned. With these reports before them, together with a
note by the Interim Director of the C.C.L.T. indicating that
even if amalgamation were carried into effect it appeared
that entirely separate meetings could be held to deal with
purely telegraph and purely telephone matters, the Plenary
Assembly proceeded to discuss the formulation of a recom-
mendation for submission to the Administrative Conference.
From the views expressed it was clear that little change had
occurred in the attitude of the various Administrations and
as a first step a vote was taken on the principle of amalgama-
tion, 13 countries voting in favour, 15 against. The proposal
in favour of the principle of amalgamation having been
defeated, the plenary assembly then proceeded to vote on
separate points as to the procedure if amalgamation were in
fact carried into effect. A resolution was finally passed by
17 votes in favour with 10 votes against, stating that it
would not be in the best interests of the Union that the
C.C.I.T. and C.C.L.F. should be amalgamated; that, subject
to approval at the appropriate stage by the Administrative
Council, the amalgamation, if effected, should be carried
out in accordance with the proposals in the reports of the
special committees and of the Interim Director of the
C.C.ILT.; and that the Plenary Assembly of the unified
C.C.I. should normally meet separately for the consideration
of telegraph and telephone questions.

It is not perhaps irrelevant to remark at this point that,
in the international field, telegraphy is still responsible for
by far the greatest proportion of telecommunications busi-
ness. The expanding telex service is also a factor of growing
importance in international communications. It may also
be added that while no spectacular results to compare say,
with the original recommendations standardising start-stop
working, were produced at Arnhem, taken as a whole, the
meeting probably covered a wider range, and brought to a
conclusion a greater volume of work, than any previous
meeting of the C.C.I.T.

Conclusion.

The conference was, of course, in progress at the time of
the Coronation and readers will probably already know that
Holland was one of the countries which relayed the tele-
vision programmes. The Netherlands P.T.T., who were in
fact responsible for the relaying arrangements in Holland,
arranged for a number of television sets to be set up in the
lounges in the conference building and the sessions of the
various committees were arranged so that delegates were
free at the material times. The reception was of very high
quality Bearing in mind that Arnhem was at some distance
from the radio transmitting station, and that the signals had
to be converted from 405 lines to 625 lines before re-radia-
tion, the extremely good results were a high tribute to the
care and skill which had been exercised by all concerned.
While the members of the U.K. and other Commonwealth
delegations were particularly grateful for this opportunity
to join in the Coronation functions all the delegates showed
great interest in the programme. The arrangements made in
this respect by the Netherlands Administration can be
taken as typical of the many kindnesses and courtesies
which the delegates enjoyed at the hands of their Nether-
lands hosts. E.H. J.



An Outline of the British
Television System

Part 2.—Transmitting the Picture Waveform
U.D.C. 621.397.5

D. WRAY, B.sc. (Eng), AM.LEE.T

The British five-channel vestigial sideband television broadcasting system is outlined, and some features of the transmitters are

described. The transmitters are connected to the main London studios by cable and radio point-to-point links. Outside broadcast

material may be transmitted from places outside the studio for short distances over either coaxial or balanced-pair cable, portable
radio links, or ordinary telephone pairs.

INTRODUCTION

N the first part! of this series of articles the processes
Iwere described by which the variations of light and

shade in a scene are translated into an equivalent
electrical waveform. This electrical waveform must then
be transmitted so that the original picture can be re-
produced on the screens of the domestic receivers scattered
over the entire country. The links in the chain that con-
nect scene to screen may be of several different types.
There may be a link between the site of an outside broad-
cast back to the parent studio; there are the cable and
radio point-to-point links between the studios and the
transmitters; and, finally, there is the broadcast radiation
from these transmitters that is picked up by the telev151on
receivers.

Now the video waveform as derived from the camera
and its associated studio equipment is often unsuitable for
transmission over some of these links, just as the audio
waveform straight out of a microphone would be useless
for broadcast radiation. For short cable links the video
signal may be used in its original form, but for transmission
over long distances, either by cable or radio link, and for
broadcasting, some form of modulated carrier system is
normally necessary.

BROADCAST TRANSMISSION

Basically, the methods used in television radiation are
the same as those employed in sound broadcasting; a
carrier frequency is generated, modulated by the video
waveform, and then radiated as an electromagnetic field
by a transmitting antenna. Because of the very great
bandwidth necessary for the modulating video signal,
television broadcasting requires a very high carrier fre-
quency. It is well known that if f; is the carrier frequency
and fu the modulating frequency, then the sideband
components in the modulated output are fo+fm and fo—fm.
Now we have seen that in television working, fi may
extend up to 3 Mcfs, so obviously the carrier frequency
should be much higher than this; in fact, since the narrower
the range of sideband components in proportion to the
carrier frequency—i.e., 2f/fc—the easier it is to maintain
satisfactory amphtude and phase responses in the equip-
ment, the carrier frequencies employed need to be about 40
Mc/s or higher.

Frequency Allocation.

The first British high-powered television broadcasting
station to go on the air was at Alexandra Palace, in North
London. That was fifteen years ago, and today it is still
working, using a vision carrier frequency of 45 Mc/s and
transmitting both sidebands. Transmitting stations built
since the war, however, have employed a system in which
the lower sideband is fully transmitted but only part of the
upper sideband. The frequency allocation of both sound
and vision carriers is shown in Fig. 1 and the power ratings
of the British transmitters are given in Table 1.

CHANNEL | CHANNEL 2 CHANNEL 3 CHANNEL 4 CHANNEL §
SOUND SOUND SOUND
CARRIER CARRIER CARRIER
53+25Mc/s 58.25Mc/s 63:25Mc/s
SOUND  VISION  SOUND  VISION VISION VISION VISION
CARR!ER CARRIER CARRIER CARRIER CARRIEA{ CARRIER CARRIER
41:5Mc/s  45Mc/s 48:25Mc/s 51s75Mc/s 5675 M, 61e75Mc/

S I5Mc/s

AT AR AN

1e5 15 I+5
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Fic. 1.—FREQUENCIES ALLOCATED TO BritisH TELEVISION

CHANNELS.
TABLE 1
B.B.C. Television Tvansmitting Stations
Channel | Carrier Frequency (Mc/s) Transmitter Power (kW)
Number Vision Soun: Viston Sound
Alexandra Palace 1 45 41-5 17 3
Holme Moss 2 5175 48-25 50 12
Kirk o’ Shotts 3 5675 53-25 ) 70 15
Sutton Coldfield 4 6175 58-25 45 12
Wenvoe 5 6675 63-25 70 15
Belfast 1 41-5 5% 2%
Newecastle 5 66-75 6325 5% 2%
Isle of Wight 3 5675 53-25 5 2
Aberdeen 4 61-75 58-25 5 2
Plymouth 2 5175 4825 5 2

* The temporary transmitters being installed initiaily are of jower power than this,

It can be seen from the diagram that, except for Channel
1, there is a simple relationship between the carrier
frequencies. The vision carrier frequencies are 5 Mc/s
apart from 51-75 Mc/s for Channel 2 upwards, and thesound
carrier is always 3-5 Mc/s below its associated vision
carrier frequency.

The five high-powered transmitters listed above provide
an adequate service to about 779, of the population of the
United Kingdom. Five low-powered transmitters are also
planned, working at the same frequencies as the high-
powered stations, but radiating about 5 kW each; it is
expected that these will raise the proportion of the popula-
tion served to about 859, the highest television service
coverage in the world. Areas served by the low-powered
transmitters will be protected against interference from the
high-powered station working at the same frequency by
arranging that the two stations on the same frequency
are geographically remote (e.g., Belfast has the same
frequency as London, 45 Mc/s), and that the high-powered
transmission is vertically polarised whilst the low-powered,
except for the Isle of Wight transmitter, uses horizontal
polarisation.

The map in Fig. 2 shows the location of the television
transmitters in the United Kingdom, both existing and
projected, with the service areas that these stations provide,

T Executive Engmeer Radio Expenmenta.l and Development
Branch, E.-in-C.’s Office.
1 For references see end of Article.
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Fic. 4.—TELEVISION WAVEFORM MODULATION.

more efficient than the original Alexandra Palace equipment,
principally because of the superior performance of modern
high-powered valves compared with those available in 1937.
Since the five high-powered stations in this country employ
different techniques it is not practicable to describe them
all, but two— the Holme Moss and the Wenvoe transmitters
—can be taken as representing two different aspects of
modern practice.

A block schematic diagram of the Holme Moss trans-
mitter is given in Fig. 5(a). This is a high-level-modulated

TRRHTIER >
INPUT ANTENNA
COMBINING

uNT

tion of their characteristics, and the transmitted carrier
envelope would not bear the correct relationships of 7 : 3 for
picture content to synchronising pulse voltages were it not
for circuits introduced into the video-modulation amplifier
chain; these stretch the synchronising pulse amplitude of the
modulating signal to compensate for the subsequent crush-
ing in the r.f. stage. Itis also necessary to employ circuitry
which prevents the voltage corresponding to black level
from wandering as the picture content changes, for this
would cause variation in the modulation depth of the
modulated carrier waveform.

When this transmitter is radiating synchronising pulses
only, i.e., an all-black 'picture, its total measured power
supply input is 110 kW; this increases to 160 kW when the
picture changes to an all-white one.

The Wenvoe and Kirk o’ Shotts 70-kW transmitters use
a different principle from earlier installations, namely, that
of low-level modulation; the method of operation is
illustrated in the block schematic diagram of Fig. 5(b).
In this case the modulation takes place quite early in the
r.f. chain, the modulating video voltage being applied to
the grids of two air-cooled triodes working in push-pull,
which give an output of 600 watts during a peak-white
picture.

The r.f. input to the modulating stage is derived from a
crystal-controlled oscillator and a pre-modulation amplifier.
The modulated carrier output from the modulated amplifier
stage is amplified by three push-pull earthed-grid Class B
power amplifiers, the final stage using a pair of water-
cooled triodes giving a 70 kW maximum carrier output.
The inter-stage coupling circuits from the modulation
amplifier stage onwards are tuned so that the upper side-
band is attenuated to some extent, but not enough to give
the required sideband shaping for vestigial-sideband
transmission.

In fact, in both the transmitter types described above,
and, indeed, in all post-war vision
transmitters, there is a filter between
the final output stage and the antenna
which shapes the upper sideband
characteristic to the prescribed vesti-
gial form. This filter must be able to
dissipate a considerable amount of
power as well as possess the correct

CRYSTAL 3 STAGES OF CATHODE MODULATED| | VESTIGIAL MAIN CLAMPE INPUT VISION > .
0SCILLATOR[ | AMPLIFICATION| | FOLLOWER[ JAMPLIFIER [ FIocea® T riMobutaTor[~{EATHORE wouree[—Wwhr  attenuation performance, and in
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HELbBAC from 5-inch diameter copper tube
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(b) Wenvoe Low-Level-Modulated Vision Transmitter,

the same antenna.

Fic. 5.—Brock ScuEmaTIC DraGraMs oF Two MODERN VISION TRANSMITTERS.

system in which a crystal-controlled oscillator unit is

followed by three r.f. amplifier stages, a cathode-follower

and the final r.f. output stage, which uses two water-cooled
triodes. It is at the grids of these triodes that the modula-
tion by the amplified video signal takes place. The final stage
of the video amplifier chain culminates in an output cathode-
follower across which, for peak white signals, a swing of
1,100 volts at a peak current of 3 amps. is obtained. The
valves in the r.f. amplifier are operated beyond the linear por-

Transmitting Antennae.

There are four principal requirements for a television
transmitting antenna: it must possess a bandwidth that
encompasses the sound carrier frequency and its sidebands,
the lower vision sideband and the vestigial remnant of the
upper sideband—in all, 5 Mc/s—and have a constant
impedance over this band; it should give a useful power
gain relative to a single half-wave dipole; it must give a
circular horizontal polar diagram; and it must be of simple
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sturdy construction capable of withstanding the rigours of
the British climate.

It has been found that the most satisfactory solution—
or, rather, compromise—for these problems, is to use two
tiers of four vertical half-wave folded dipoles, with a
vertical displacement between the two tiers of one wave-
length. The four dipoles of each tier are fixed on horizontal
steel supports at 90° intervals round the mast (Fig. 6),

and are excited by currents of
equal amplitude but shifted in
‘\ phase round each tier in 90°
Oq3 steps. ,Besides fulfilling the
\ul requirements listed above, this
. ! arrangement alsohas the advant-
age that there is a very low field
at the centre point of the four
(M elements, so the central steel
! support mast has virtually no
1 effect on the performance. The
folded dipoles themselves are
made of galvanised steel strips,
and are in contact with 7-5-kW
heating elements which are
needed to prevent the ice form-
ation which, uncombated, would
A change the impedance presented
| by the dipoles.
The lowest field-strength nec-
N essary for satisfactory television
reception in residential areas is
X usually takento be0-5mV/meter;
[ J a somewhat lower field is usable
l// in rural areas where man-made
AT~ interference (e.g., internal com-
r bustion engine ignition interfer-
U | U ence, radiation from medical
! diathermy equipment, etc.) is
not so great. Since propagation
in the 40-60 Mc/s band is almost
Fic.6.—Forpep-Dirore Type entirely of a  ‘line-of-sight’
TRANSMITTING ANTENNA.  npature, it is essential for the
transmitting antenna to be well
elevated to give an adequate coverage (the service
usually aimed at is a field strength of not less than 0-5
mV/meter for a 50 mile radius round the high-powered
transmitters). Consequently the transmitting antennae
are mounted on tall masts which are themselves situated
on high ground. The modern masts used for supporting
the antennae are of lattice steel construction, with a
triangular cross-section of 9 ft. face. This rises to 600 ft.
above the base pedestal, and is surmounted by a cylindrical
slot aerial, a further 110 ft. in height, which may be used
in future for experimental 90 Mc/s sound broadcasting.
On top of all is the square cross-section top mast that
supports the television folded dipole antennae and which
brings the total height up to 750 ft. The whole mast,
weighing about 140 tons, is supported on a two-inch
diameter steel ball at the centre of the base pedestal, and
is stayed at heights of 200, 400, 600, and 710 ft. by steel
ropes spaced at 120° this arrangement permits some
angular movement, and the mast head may move as much
as 7 ft. under severe wind-loading conditions.

e (Y

Intensive preliminary tests are made before a transmitter
site is finally chosen. A 1-kW mobile transmitter is used
for site testing, the antenna being a half-wave dipole
supported at a height of about 600 ft. by a captive balloon.
A van fitted with a test receiver and aerial is then driven
round the district to be served by the transmitter; inside
the van the signal output from the receiver is recdrded
continuously on a chart which is controlled in drive by the
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road wheelsof the vehicle. Inthiswayacompleterecordofthe
field-strength variation with receiving location is obtained,
which gives an indication of any ‘blind spots’ in reception
that may exist. The final selection of the site will depend,
not only on the number of viewers that can be served
(a factor that depends on the altitude of the site, and the
population distribution), but also on accessibility, water
and power supply, whether there is sufficient flat and firm
ground for the building and mast, and many other practical
factors.

*

LoNGg DisTaANCE POINT-T0-POINT TRANSMISSION

The great complexity and expense of the television
studios necessary for the production of ambitious national
programmes effectively prohibits the building of a studio
attached to each regional transmitter under present
economic conditions. Instead, all studio facilities are
concentrated in the London area at Lime Grove and
Alexandra Palace and the programmes emanating from
them are relayed by point-to-point links to the broadcast
transmitters. Since, in general, the Post Office is responsible
for all point-to-point transmission in this country, it is
these interconnecting links that are the Departments’
principal interest and responsibility in the television service.
In some links the equipment has been designed and con-
structed by the Post Office itself; in others the manufacture
has been by outside firms under contract, to Post Office
specifications; in all cases, the links are finally manned and
maintained by Post Office staff. The principal links are
shown in the map of Fig. 2. Before describing them briefly
in turn, it is well to consider what the requirements are for
permanent relay links of this sort.

First, the gain/frequency characteristic from input to
output should be substantially flat over the range 0 to 3
Mc/s; also, since the picture-reproducing equipment depends
on the shape of the video waveform, the frequency compo-
nents must arrive with the same relative timing as well asin
the relative amplitudes; this means that the link must have
the same delay for all frequencies between 0 and 3 Mc/s.
Other requirements are that there should be no interference
due to electrical noise (whether it be due to the random
voltages produced in valves or resistors giving the ‘snow-
storm’ effect, or the striped patterns due to interfering fixed
signals); there should be good linearity, so that the picture
has the same tone gradation at the output as it did at the
input; and there should be stability of gain and complete
reliability.

The London-Birmingham Radio Relay System.

The first long-distance television relay system to go into
regular service was the radio link between London and
Birmingham,? which was provided for the opening of the
Sutton Coldfield transmitter in December, 1949. The
terminal stations are on the roofs of Museum Exchange,
London, and Telephone House, Birmingham, and are
connected to the B.B.C. studios and transmitters by short
tail-cables. There are four intermediate repeater stations
between these terminals, and two different frequencies
are used for each direction of transmission to avoid inter-
action between the transmitter and the receiver at the same
repeater site. The frequencies used are 917 Mc/s and 937
Mc/s for the ‘Go’ direction and 951 Mc/s and 971 Mc/s for
the ‘Return’, but at each repeater the incoming signal is
translated to an intermediate frequency of 34 Mc/s and it
is at this frequency that the signal is amplified. Frequency
modulation is used, with a maximum deviation of 3 Mc/s.
To avoid losses in the antenna feeders at these high trans-
mission frequencies the radio equipment is housed in
small cabins at the top of the antenna supporting towers.



The London-Birmingham Cable System.

After ten months of continuous service, the radio relay
system between London and Birmingham was succeeded
by a cable link.3 The composite cable laid for this service
is a complex one, comprising two one-inch diameter tubes
and four -inch tubes as well as a number of music and
control circuits. The two large coaxial tubes have a lower
attenuation per mile at a given frequency than any other
long-distance cable installed to date, and would be capable
of carrying carrier systems of 12 Mc/s bandwidth or even
greater if suitably equipped. (The present transmission
equipment is designed for a vision bandwidth of 3 Mc/s.)
It is not possible to transmit the video waveform directly
over coaxial cables, for their screening against low frequency
noise and interference is poor, and the waveform would be
seriously distorted. Instead, a carrier system is used, with
a carrier frequency of 6-12 Mc/s which employs the same
sort of vestigial sideband system as was discussed in an
earlier section. The successive steps in the transmission
process are illustrated in Fig. 7 (a). The incoming video
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Fi1G. 7.—STAGES IN THE TRANSMISSION OF TV SIGNALS OVER THE
BritisH CoaxiaL-CABLE TV SysTtEMS.

signal from the studio, extending in its frequency compo-
nents from D.C. up to 3 Mc/s, modulates a 6-12 Mc/s
carrier and produces both sidebands varying from 3-12
to 9-12 Mc/s. Successive amplifiers in both the terminal
equipment and the intermediate repeaters are designed
to pass the band from 3 to 7 Mc/s only, i.e., the com-
plete lower sideband with a 1 Mc/s vestige of the upper
sideband. At the receiving terminal equipment a filter
shapes the response to the characteristic vestigial sideband
system shape of I'ig. 3, and the carrier is then demodulated
to give the video frequency output. Both modulator and
demodulator use silicon crystal diodes for the frequency
translation processes.

For cable transmission of television, negative modulation
is normal (See Fig 4), for the constantly recurring pulses of
maximum carrier, corresponding to the synchronising
pulses, permit the use of simple level indicators and auto-
matic gain control systems. Positive modulation, with
its constantly changing maximum carrier excursion, would
complicate such matters. Any intermediate repeater
between London and Birmingham is automatically replaced
by a standby repeater should the signal disappear from the
output of the amplifier normally in use.

The Biymingham-Manchester and the London-Wenvoe Cable
Systems.t

The cable links between Birmingham and Manchester
and between London and Wenvoe provide two-way systems
over standard $-inch diameter coaxial pairs. Since the
attenuation of this type of cable is considerably higher
than that of the one-inch cable, it is not current practice
to work at such a high carrier frequency as is used between
London and Birmingham. Instead, a double modulation
process, illustrated in Fig 7 (b), enables a lower frequency
band, extending from 0-5 to 4 Mc/s to be transmitted over
the cable. Between Telephone House, Birmingham, and
Telephone House, Manchester, there are 16 intermediate
repeater stations, and in the spur from Manchester to the
transmitter at Holme Moss there are a further three
repeaters.

The Welsh relay system is routed via Museum Exchange,
London-Bristol-Wenvoe. There are 23 repeater stations
between London and Bristol, and eight more between
Bristol and Wenvoe. In nearly all these cables there are
extra 3-inch coaxial pairs supplied for the telephone
service.

The Manchester-Edinburgh Radio Relay System.

A microwave radio link, working on frequencies in the
region of 4000 Mc/s extends the television service from
Telephone House, Manchester, to the Scottish transmitter
at Kirk o’ Shotts. The route was chosen to pass close to
Newecastle to facilitate the provision of a spur to the local
transmitter there, and also runs near Leeds and Edinburgh,
both of which are likely sources of outside broadcast
material. This route distance in 250 miles, but only seven
intermediate repeater stations are necessary.

The terminal transmitter employs a klystron oscillating
at the radiated frequency which is frequency-modulated
by the incoming video signals; an automatic frequency
control system operates by comparing the mean frequency
of the klystron with a stable crystal-controlled oscillator.
The oscillator output is amplified by a travelling-wave
amplifier which delivers one watt into the transmitting
paraboloid aerial. At the repeater stations the incoming
signals are translated down to an intermediate frequency of
60 Mc/s, and amplified. The frequency is then changed
again to a value that is 37 Mc/s different from the incoming
signal frequency, for the same two frequencies are used for
the ‘go’ and ‘return’ links, but alternating at each step.
Pressurised waveguides connect the equipment to the
paraboloid aerials. .

This is the first large-scale use of the waveguide and
travelling-wave valve in Post Office practice, and the
performance of the link will be studied with interest over
the next few years to see how it compares, both economically
and in the quality of its service, with the older established
cable systems.

The Temporary Northern Ireland Link.5

A temporary service is to be provided to the Belfast area
for the next few years by a 1-kW transmitter at Glencairn.
The broadcast radiation from Kirk o’ Shotts is picked up
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by a high-gain aerialarray and a receiver with automatic gain
control situated on the top of Black Mountain, a prominence
to the West of Belfast. The video-frequency output from
the receiver is transmitted over a short length of coaxial
cable to the Glencairn transmitter, using the same carrier
system that is employed in the London-Birmingham trans-
mission. In spite of the very long signal path, a high-quality
service is provided.

OuTtsIDE BroaDCAST LINKS

For outside broadcast programmes it is necessary to
provide an additional link in the chain connecting the site of
the broadcast to the nearest control point in the national
network, from where the signal can be conveyed to all
transmitters. Ideally, the transmission standards of outside
broadcast links should be as high as those for the permanent
links, but since they are essentially of a temporary nature,
long-term reliability and stability of performance require-
ments are not so stringent.

When the site of the broadcast is in a heavily built-up
area, a land line is usually the best way of connecting the
originating point to the control centre; such links are
provided by the Post Office at the request of the B.B.C.
In some cases, where the site contributes frequently to the
programmes—such as Wembley Stadium and Pool, or
Lords Cricket Ground—coaxial cables have been laid
especially to take outside broadcast material; in these
instances a carrier system is used of precisely the same type
as that employed in the local permanent link, e.g., a 3-7
Mc/s system in the London area, or a 0-5-4 Mc/s system in
Manchester. Small, sturdy, portable versions of standard
modulators are used to translate the video waveform output
from the mobile control rooms into the appropriate carrier
form.

In the vast majority of broadcast sites, however, no
coaxial cable is available, but it has been found practicable
to use ordinary telephone pairs for transmitting the video
waveform directly over the short distances involved. Such
pairs, of course, were intended for audio frequencies, say
from 0 to 5 kc/fs, whilst the video spectrum extends up to
3Mc/s. Special equipment® has been developed that can
equalise the telephone pair over the necessary frequency
band, and which is sufficiently flexible in its electrical
characteristics to compensate for the many differing types
and lengths of cable that may be encountered. Apparatus of
this type can be used to equalise up to £ mile of 64 1b. pair, or
1} miles of 10lb. pair, or 2 miles of 20 1b. pair. In 1937 a
balanced-pair cable of special design was laid to cover the
route of the Coronation procession; this was capable of
carrying the video frequencies with little loss, andpassed
through several telephone exchanges en route. It is still
in use, for, by using the equalised telephone-pair technique,

its coverage can be extended by up to about 4 miles in the
London area. Video frequency transmission over telephone
lines is also being developed in provincial towns.

For outside broadcasts over long distances, particularly
in rural areas, mobile radio links are having an increasingly
wide application. Equipment working at about 65 Mc/s
was developed before the war and is still useful for links
where a critical siting of the mobile transmitter is not
possible; a more modern transmitter working at 200 Mc/s
is also used. This apparatus is mounted in a large van with
the transmitting antenna raised to about 100 ft. by a fire
escape type elevator; a power of 1 kW is radiated during
peak white. The range of transmission is normally about
30 miles. In the London area a permanent receiver is
located at Swain’s Lane, on Highgate Hill,” whence the
signal is passed to Alexandra Palace over balanced-pair
cable. A more recent development is to use centimetric-
wave links with light-weight easily-managed equipment
working at 4600 and 6925 Mc/s. This apparatus must be
fixed on some local prominence, such as a water-tower,
from which it transmits the signals over about 30 miles to
the next relay point and so on to the final control centre.

On many occasions two or more of the systems described
above have been used in tandem to form a composite link.
For instance, in a broadcast from the Glyndebourne Opera
House, use was made of a short land line with equalised
video transmission to a nearby hill, and then a three-hop
radio link to London. Some of the Boat Race broadcasts
have used radio, coaxial cable and telephone pair links to
complete the transmission path.?

The methods of television transmission, whether broad-
cast radiation or point-to-point relaying, are undergoing
continuous and rapid development, but it is salutary to
reflect that Baird, as long ago as 1928, had already trans-
mitted pictures across the Atlantic, and had relayed a
video signal from London to Glasgow over Post Office lines.
In those pioneer days, however, to transmit a recognisable
image was an achievement in itself whereas today, a
reliable high-quality television service is available in most
parts of the country.

Refevences.

1 Wray, D. ‘““An Outline of the British Television System. Part 1
—Generating the Picture Waveform”. P.O.E.E.J., Vol. 46, p. 59.

2 Mumiford, A. H. and C. F. Booth, ‘“Television Radio-Relay
Links” P.O.E.E.J., Vol. 43, p.23.

3 Stanesby, H. and W. K. Weston, “The London-Birmingham
Television Cable”. P.O.E.E.J., Vol. 41, p.183 and Vol. 42, p. 33.

4 See p. 118.

5 See p. 130. -

¢ Kilvington, T. “A New Television Repeater for Telephone
Cable Circuits”. P.O.E.E.]., Vol. 42, p.76.

7 Moore, B. H. “Boat Race Television Broadcast”. P.O.E.E.].,
Vol. 42, p.99.

Soft Magnetic Materials for Telecommunications

U.D.C. 538.2: 621.318

A brief review of an International Symposium held at the Post Office Research Station, Dollis Hill, in April 1952.

depends very largely on the use of magnetic mate-

rials in one way or another; permanent magnets for
telephone receivers, silicon-iron for transformer cores, and
nickel-iron powder for loading coils are but a few examples.
1t is undoubted that some of the future progress in the art
will depend on the provision of new or improved magnetic
substances. In thé past thirty years the rate of develop-
ment in magnetic materials has been phenomenal and has
not generally been attributable to the urge of total war.
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THE art of telecommunication as now practised

Compare only the properties of Alnico, Supermalloy and
grain-oriented silicon-iron with those of the best materials
available in 1920; the change is surprising. Alnico V and
Alcomax II have an energy product [(BH)um..X1075] of
over 40 compared with 3 for tungsten steel, used in candle-
stick-type telephone receivers, and 6 for 359, cobalt steel.
Silicon-iron had an initial permeability of 400 whereas
modern nickel-iron alloys have one of 30,000, and in their
highest stage of development—Supermalloy and similar
substances—100,000. Even silicon-iron in its new guise as



grain-oriented strip may have an initial permeability of
4,000. Then we have the entirely new commercial develop-
ment of the ferrites which has given us a series of magnetic
materials which are nevertheless insulators.

All the substances mentioned are of immediate interest
to telecommunications engineers; conventionally they are
divided into “hard” and “soft” magnetic materials, and
though these terms were at one time closely related to the
mechanical properties of the metals concerned, there are
now so many anomalies that there is a case for inventing
new generic terms.

Soft magnetic materials for telecommunications are in a
class all of their own. They are used in relatively small
quantities so that their cost may often be secondary in
importance to their performance. There are many cases in
which the use of a high-performance material at a high
price may enable completed equipment to be cheaper and
to occupy less space than before. These materials must
often work in magnetic fields approaching zero, and their
properties in such fields are most important. Their behav-
iour in high fields is becoming more important with the
interest.now being taken in magnetic amplifiers (these are
circuits which are for some purposes replacing valve
amplifiers in spite of the disadvantage that they must be
energised from a high-frequency power supply).

It was thought that to hold a discussion limited to the
properties of materials interesting to telecommunication
workers—and therefore excluding all reference to problems
associated with power engineering—would be a worth-
while experiment and invitations were sent to academic
workers, manufacturers and users to come to Dollis Hill
and discuss “Soft Magnetic Materials whose Properties are
of Use or Significance in Telecommunications.” Originally
a discussion group of about 20 people was intended, and
inevitably many who would have liked to come were over-
looked. Even so the number attending grew to seventy.
The meetings were held in the Lecture Theatre on 3rd-4th
April, 1952, and overflowed into Saturday, 5th April. Besides
people from our own country we had visitors from France,
Germany and the Netherlands.

The guests were welcomed by Brigadier L. H. Harris,
Controller of Research, Post Office, and then settled down
to discuss the thirty-four papers which had been presented.
As these papers had been distributed before the meeting
they were not read, but each one was briefly introduced by
the author, and was then thrown open for discussion. Our
foreign guests very kindly and competently spoke in
English.

Four sessions were held; Brigadier Harris presided over
the first, and the others were in charge of Professors
W. Sucksmith, L. F. Bates and E. B. Moullin.

“Soft Magnetic Materials” may sound a very restricted
field for work, and it would not have been surprising had
there been considerable overlapping in the papers. Authors
had, however, found so many distinct facets to write about
that it was not always possible to group papers for common
discussion. In fact, as Brigadier Harris remarked at the
close of the first session, the subject was refreshingly varied;
one paper discussing powders having a particle diameter of
about one micron, and in the next, in spite of its dealing
with telecommunications, there was some reference to water
wheels. So far_as the papers could be grouped they fell
into the following main categories:—

the mechanism of magnetic loss; extremely high perm-
eability materials; powder cores; ferrites; materials having
nearly rectangular hysteresisloops; methodsof measurement.

Looking back at the meeting after a lapse of time, and
in the light of reading all the papers several times whilst
preparing them for the press (they are to be published
shortly in book form by Pergamon Press Ltd.), one can

discern that the principal underlying theme was magnetic
loss, its causes, measurement and effects. More than half
the papers were directly concerned with it. We understand
a little about the origin of some of the kinds of loss, but
much more work is needed, for neither hysteresis nor eddy-
current losses are as simple as they appear to be, while
there seem to be at least two other types of loss as well.
There are several motives for further work: the academic
scientist wants to be able to place these losses accurately
in his magnetic theory, the manufacturer wants to know
how to reduce them, and the user must know about the
effects they will produce in his equipment.

A second focus of interest was in materials having the
so-called rectangular hysteresis loops. These substances are
not new—they were produced in the laboratory nearly 20
years ago—but they are only now being put to work. They
are being used in magnetic amplifiers (although there is
some doubt about whether they are the most suitable alloys
for the purpose) and in magnetic “delay lines” for storage
of information; they can also form the basis of switching
circuits. In all these devices they absorb little power, are
very stable elements, and once incorporated they are
unlikely to change or give rise to faults. They are likely to
find wide application in future telephone exchanges.
Metals useful for these purposes can be made by heavily
cold-rolling certain alloys and so producing grain orientation,
or by cooling other alloys in a magnetic field from above the
Curie point and obtaining domain orientation. In practice
there is little to choose between the performance of the two
types, but it must be remembered that the use of grain-
oriented material imposes certain restrictions on the design of
cores.

The work on extremely high permeability materials has
been important in that it has shown that the recognised
alloy Supermalloy is a particular instance in a more exten-
sive series of alloys all having similar properties. This gives
hope that the composition may not be extremely critical
even if the heat treatment is.

Powder cores have been known for a long time, but there
has never been a satisfactory reason why certain types of
carbonyl-iron give lower loss cores than any other material.
This was one of the matters discussed in papers mainly
related to the structure of this substance.

Ferrites are another example of materials which have been
known for a long time but have only just been commercially
developed. They owe this development to the work of
Snoek and his associates during the war, and are now
becoming steadily more interesting to engineers. They
differ from other magnetic substances in being insulators,
and whilst this feature may often be an advantage, the
dielectric losses in them may impose limitations on their use.

Finally we come to methods of measurement. These have
had to be improved again and again to get some insight
into the losses associated with the different materials; the
newer ones, particularly ferrites and rectangular loop
materials, present new problems in measurement and may
lead to new conceptions of the magnetic process. On
conventional materials the use of very high frequencies
to study the losses in magnetic strip is interesting.

The discussion was always lively and, owing to the small
numbers present, all of whom were actively concerned with
the subject under discussion, never became formal. On
many oceasions it had to be curbed so that the session’s
quota of papers could be dealt with. To the organisers the
occasion was a very happy one at which many old friends
could meet again and new friendships be formed; and on the
more businesslike side many useful contacts were made.
We hope that our foreign guests enjoyed their visit as much

as we did.
C.E. R, A.C.L.
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Fic. 5.—AERIAL ARRAY AT BLACK MOUNTAIN.

horizontally polarised whereas the receiving array is
designed for the reception of vertically polarised signals,
In the latter respect it is perhaps fortunate that the line
of shoot from the receiving array to Kirk o’ Shotts passes
almost directly over the local transmitter, for in other
directions the array of V’s would offer less discrimination
against horizontally polarised signals.

Radio Equipment.

Each radio receiving channel comprises a low-noise pre-
amplifier followed by a receiver fitted with automatic gain
control. The average, R.M.S. and peak levels of a television
modulated carrier are not constant but change according to
the brightness of the picture transmitted. They cannot,
therefore, be used for automatic gain control and a more
complicated arrangement has to be resorted to. In the
television signal, following each synchronising pulse, a
short period of black level is transmitted. This is known
as the post-synch. suppression or “back porch” and since
it always represents black level, the carrier amplitude
during this period does give a measure of the signal strength.
In the receiver, therefore, arrangements are made to pick
out this particular portion of the signal, measure its level,
and use a D.C. voltage derived therefrom for gain control
in such a way as to maintain the black at a substantially
constant level. The receiver delivers a video signal in the
band 0-3 Mc/s of amplitude one volt, peak to peak, which is
then passed to the cable transmission equipment.

Cable Transmission Equipment.

For transmission over the coaxial cable to Glencairn the
video signal is put on to a carrier of 6-12 Mc/s as used on
the London-Birmingham television cable.* In this case,
however, owing to the short length of the cable, no line
amplifiers are required, the output-from a modulating unit
being fed directly to the cable at Black Mountain and the
signal from the cable being fed, after equalisation by
passive networks, directly to a demodulating unit at
Glencairn. The separate video signals from the two channels
are fed to the B.B.C. transmitter building via short coaxial
cable leads.

The power filters that enable power to be fed into the
coaxial tubes at Glencairn at the same time that the signal
is being taken from them (and vice versa at Black Mountain)
are similar to those used with C.E.L. 3 equipment except
that they are modified to take $-in. coaxial cable sealing
ends and to handle a little more power current than normal.
Transformers are used at Glencairn to feed power from the
public supply mains into the coaxial tubes, but at Black
Mountain power from the tubes is fed directly without

* The system is fully described by Kilvington, Laver and Stanesby,
Pyoc.I.E.E., 1952, Vol. 99, Part I, p. 44.
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transformers from the power filters to the equipment. As
with the rest of the equipment, two completely independent
power feeds are provided, each tube carrying power for the
equipment associated with it on the mountain. Up to
10 amps. can be passed over each tube, enough to supply
not only the equipment but also a certain amount of
power for lighting, heating and test apparatus. Additional
power at Black Mountain for heating, cooking or extra
test gear is provided by a 5-kW diesel set which can also
be used for running the equipmentin theevent of cable faults
requiring the cable to be isolated from the mains supply.

Picture monitoring facilities are provided both on Black
Mountain and at Glencairn, and at the latter place a trolley
monitor is provided of the type specially designed for use
with London-Birmingham translation equipment. The link
will not normally give an output unless Kirk o’ Shotts is
transmitting, so in order to test the serviceability of the
equipment at other times, a rudimentary form of trans-
mitter is provided at Glencairn. This transmitter can be
switched on if Kirk o’ Shotts is not radiating and a signal
from it received at Black Mountain and arriving back at
Glencairn by way of the cable indicates that all is well
with the equipment.

To assist the maintenance staff, the Kirk o’ Shotts sound
transmission is also received on Black Mountain and passed
at audio frequencies down an interstice pair to Glencairn,
to enable them to hear any announcements that may be
made. The sound feed for the B.B.C. transmitter, however,
is by cable over a normal music circuit.

Tee LiNK IN OPERATION

The preliminary period of observation of signal strength
using equipment hurriedly assembled in a small battery
hut on Black Mountain occupied about a week in November
1952. During this time a steady signal was received, the
deepest fade being of the order of 10 db. Observations with
the final aerial array and with the station approaching a
state of completion were begun early in March 1953. As
might be expected, there was rather more fading at this
time of the year and on two occasions the signal strength
fell to an unusable level for periods of 5 and 3 minutes.
At other times the signal was usable and was held at a
substantially constant output level by the receiver auto-
matic gain control, although occasionally during the
deeper fades the background noise was higher than would
normally be acceptable from a point-to-point television
link.

The installation of the link was completed by the target
date, 1st April, 1953, and the B.B.C. first started to radiate
the signals for test purposes on 11th April. A week later
regular test transmissions were commenced and the full
programme service began on 1st May. For the first month of
service and until after the Coronation, Post Office staff
were in daily attendance at Glencairn, but since this date
the stations have been operating on an unattended basis.
A pen recorder has been used to keep a continuous record
of the receiver A.G.C. voltage and hence of signal strength.
An analysis of the record shows that over a period of four
weeks in June the signal strength fell below the usable level
for about 0-44 per cent. of the total time during which Kirk
o’ Shotts was transmitting. Thisis believed to be the worst
part of the year for fading and it is expected that the record
over a whole year will show a substantial improvement.
There is some evidence to show that the worst fading
conditions are associated with periods of warm, stable
weather and that the deepest fades occur an hour or two
after sunset, although this is not at all conclusive. As with
all radio engineering projects, the design is a compromise
between cost and speed of provision on the one hand, and
reliability on the other. In this particular case the emphasis






Poor Solderability of Tags,
and Dry Joints
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Many of the brass connection tags used in Post Office equipment are finished by mass dipping in a hot solder bath and tags processed

in this manner have been found to exhibit widely varying degrees of solderability. The authors show that in mass soldering, copper and

zinc—the constituent metals in brass—dissolve into the hot solder and contaminate the bath with the result that the solder surface of

many tags has a high zinc content giving bad solderability. Experiment indicates that a nickel flash on the brass tag followed by mass
soldering at a controlled temperature effectively prevents contamination.

INTRODUCTION.

N the past 10 years there have been revolutionary
Ichanges in the processing of tags for assembly in

electrical apparatus on to which wires have ultimately to
be soldered. It had, for many years, been the practice to
dip the tags individually and this method is still followed
when it is necessary to restrict the solder to a part of the
surface only. Where this restriction did not apply the
production of tags was speeded up by mass solder coating
all over thereby using the solder coat as a protective finish
as well as a preparation for soldering.

It should perhaps be mentioned in passing that electro-
tinning and hot-dip tinning with tin, as distinct from
solder, were both tried but neither was completely satis-
factory. Although solder coating has hitherto been con-
sidered the best mass treatment of tags it will be seen later
that it is, in fact, much inferior to the individual treatment
which it superseded. Soon after mass solder coating was
introduced, works chemists were faced with a problem as
the factory operatives began to complain of poor solder-
ability. This difficulty was traced to the fact that copper
and zinc are dissolved from the brass tags when immersed
in hot selder and these metals contaminate the solder. The
first effect of this is to increase the viscosity of the solder
and reduce its wetting power. In general, the more con-
taminated the solder, the more pores leading down to the
surface of the brass will be found.

As the amount of copper and zinc increases, copper-rich
and zinc-rich “phases’ begin to separate out, and as they
have a higher melting point than the solder, these phases
will be solid; for this reason and because of increase of
viscosity, the solder ultimately becomes impossible to use.

The obvious remedy is to increase the temperatures of
the solder, liquifying the ‘“‘ice-flows” and again enabling the
solder to spread out on the work. Unfortunately, raising
the temperature rapidly increases the rate of solution of the
brass, and it is soon necessary to adopt other measures.

When the problem was realised much ingenuity was used
by works chemists in overcoming the trouble. “Freezing,”
ie., cooling to a suitable temperature and skimming the
solid phases from the surface, was introduced and this
enabled the period between the discarding of the bath and
replacing with new solder to be extended, while producing
a tag surface that was just tolerable to the operator. Itis
probable too that the soldering iron heats were raised to
help overcome the difficulty. Along with this, the need for
careful temperature control of the bath was recognised; and
the size of the bath was reduced to an optimum.

This was the picture of present day production at the
time the authors’ attention was drawn to the hopelessly
bad solderability of certain tags (STA/36 and /37) which
had been in stock for a long time.

PRELIMINARY INVESTIGATIONS

Preliminary investigations to discover whether there was
a case for formal investigation revealed two salient points:

4 The authors are respectively, Principal Scientific Officer, Senior
Scientific Officer, and Senior Experimental Officer, Birmingham
Chemical Section, Test and Inspection Branch, E.-in-C.’s Office.
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(@) the product of one firm, on inspection obviously
individually dipped, had never been known to give trouble
and (b) some mass-produced tags which were quite old
were reasonably good.

It was evident, therefore, that some differences existed
between the individually dipped article and the mass pro-
duced one, which reduced the solderability of the latter.
As marked differences existed between the solderability of
different samples of aged tags there appeared to be a
variable, which if identified and eliminated would secure the
production of coated tags with a better average level of
solderability. It also seemed likely that there was some
association between age and a change in appearance from
light metallic to dark grey non-metallic. Clearly a case
existed for further investigation.

The first step was to devise some reliable means of grading
the varying solderability of samples as a guide tofurther
experiment. For this purpose a test set was made up based
on the idea that at high temperatures there would be little
differentiation between good and bad solderability, but
that by reducing the temperature a point could be found
where the very bad cases would be on the verge of refusing
to take, while good tags would still solder as well as ever.

. By inserting a variac in the A.C. mains circuit of an electric

iron and cutting down the heat this postulate was shown to
be true and at a temperature of 220°C a good differentiation
was obtained as explained in the following section.

Solderability Tests on Tags.

Fig. 1 shows the layout for the test, with the soldering
iron notched to provide a flat on which the tags rest. The
variac in the mains circuit affords a simple temperature
control. As the temperature of the circumambient air has
an appreciable effect on the temperature of the iron for a
given variac setting, it was necessary to make regular
checks on the temperature, which in this test were carried
out by means of a thermo-couple placed in a small hole
drilled in the side of the bit.

The small mechanical device on the left consists of a
guillotine, pivoted at one end and fitted with a spacing
piece, which was used for cutting off standard beads of
resin-cored 16 S.W.G. solder. By this means the beads
could be reproduced to a weight of 0-03 gm. -+ 0-003 gm.

Studies were made with tags STA/36 and /37 of various
ages and frorm several sources. It was clear that by reducing
the soldering temperature the deficiencies of some of these
tags were thrown into relief. At 220°C the differentiation
was striking and samples were selected to illustrate five
gradings of solderability. The gradings are shown in Fig. 2
for three different temperatures and, reading from top to
bottom, these may be described as Very Good, Good, Fair,
Bad, and Very Bad, respectively.

The method of test was to lay the tag in the notch of the
iron for 30 seconds, timed with a stop clock, and then to
place three standard beads of solder on it, one in the centre
and one at each end. While the visual control of the test
by comparison, as in Fig. 2, is adequate it is also possible
to fix the grading by determining the height of the pool of






graphically* to contain 23 per cent. zinc. Successive acid
stripping and polarographic examination showed that the
second layer contained 3-8 per cent. zinc and the third
3-0 per cent. On the other hand three tags from a block
showing good solderability (Category ‘“Good’’) and some
years old had only 1-4 per tent. zinc in the surface layer and
0-25 per cent. zinc in the second. This state of affairs was
found to be quite general and it was noticed too that old
tags with high zinc surfaces were more reactive to the acid
used for stripping. In other words a bigger weight of
surface material went into solution in the first acid treat-
ment with an old “high zinc” sample than with a new “high
zinc”’ sample, and the solution weight declined even further
when the ginc figure was low. It was also noticed that the
amount of sample obtained decreased with each successive
acid strip of the same sample.

RATE oF ATTACK OF MOLTEN SOLDER ON BRASS AND
NICKEL-PLATED BRASS

Returning to the question of solution of metal from the
tags it was decided to make studies of the rate of attack
of molten 60:40 solder on bright-dipped brass and on nickel-
plated brass, as in preliminary experiments at contractor’s
works nickel plating seemed to offer a solution to the
soldering problem.

The detailed objects of this part of the investigation were
to ascertaini—

(a) If any preferential solution of either zinc or copper

took place in the solder when mass treating brass tags.

(6) The actual rate at which these metals were attacked.

(¢) The effect of a nickel flash on brass tags treated the

same way.

Exp;arimental Procedure.

A bath of 60 : 40 solder was made-up in a glass beaker
and maintained at a steady temperature.

It was decided to use brass wire rather than tags since
the surface area could be accurately measured, and because
the surface area was greater per unit weight of material
than with a tag. Hence 60 :40 brass wire 0-04 in. dia.
and 36 in. long was used as a standard sample.

A sample was taken, bright-dipped, washed and dried.
This was then submerged in the solder bath for 30 minutes.
At the end of this time, the wire was replaced by a new
length of wire, similar in all respects to the first. This
procedure was repeated, with constant stirring until the
solder had been in contact with brass wire for 7 to 8 hours.

At various intervals of time, samples of the solder were
taken for analysis, zinc and copper being estimated.

This experiment was repeated at various temperatures.
Simultaneously, brass wire from the same reel as that
already used was given a nickel coating 0-0001 in. thick
and a duplicate set of experiments performed, in all ways
similar to those using ordinary brass.

Results.

The experimental results are summarised in the graphs,
Figs. 3,4 & 5.

It is significant that in all cases the ratio of copper to
zinc was 60 : 40, showing that the brass was simply dis-
solved in the solder. Another important feature of the
results was the rapidity of the uptake of brass by the solder

*Polarography is a rapid and accurate technique of chemical
analysis in which the electrolysis of solutions between mercury
electrodes is studied. During the electrolysis, a voltage which
increases at a uniform rate is applied to the cell and the current/
voltage curves, thus obtained are recorded.

From these curves (polarograms) the identity and concentration
of substances in solution can be determined. The identity is inferred
from the voltage at which a sudden increase in current takes place
and the concentration from the extent of the increase in current.

136

and the levelling off after a period showing that the rate of
solution of the brass was equal to the rate of loss from the
molten solder to the dross. The graphs show how rapidly a
solder bath becomes contaminated with zinc and copper
when brought in contact with brass.

Fig. 3 gives the nickel content of the bath at various
times. It does not give the rate of solution of nickel in
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solder at the temperatures given since it is very likely that
the nickel content increased rapidly when a fresh wire was
immersed in the bath, but decreased when rate of drossing
exceeded the rate of solution, e.g., after it had all been
dissolved. This is particularly so with the curve obtained
for 350°C.

At 250°C there was a short period after 25 minutes when
all the nickel was dissolved off the wire, exposing the brass
to the solder. Five minutes later a fresh wire was inserted
in the bath. It can be seen from Figs. 4 and 5 that the bath
was contaminated in this period. The nickel does not appear
to have been penetrated again in this series. This fact
suggests that the presence of a small amount of nickel in
the solder reduces the rate of solution of the nickel coating.
This question is being examined.

At 210°C the nickel appears to have stayed intact
throughout and to have completely protected the brass.

Fig. 4 gives the change in copper content of the bath
plotted against time. With plain brass, the copper is
dissolved more quickly as the temperature of the solder
bath is increased.’

Nickel plating produced a notable effect. At 350°C the
coated and uncoated brass dissolved at similar rates showing
that the nickel provides no protection at this temperature.
At 250°C the nickel plating of the first sample was pene-
trated and copper contamination of the bath took place.
The amount of copper presentin the bath remained constant,
showing that no drossing or solution of the copper took
place. At 210°C no copper was dissolved, showing that the
nickel provided complete protection.

Fig. 5 showing the increase in zinc content with time
indicates results very similar to those obtained for copper.
With the uncoated wire, increase in temperature increased
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the rate of solution of zinc. With the nickel-coated wire
at 350°C the protection was ineffective; at 250°C, after early
contamination the nickel gave complete protection and the
zinc slowly drossed out; at 210°C the nickel gave complete
protection.

The results show that nickel coating provides protection
to the brass from the solder. This protection is very good
below 250°C and complete below about 200°C with a thick-
ness of nickel coating of 0-0001 in.

It is also apparent that zinc will slowly dross out of the
solder bath, but that although copper drosses out when
the concentration is high, it does not dross out at low
concentrations, indicating an appreciable solubility of
copper. Both metals reach a high concentration if contact
between the brass and liquid solder is allowed to continue.

SURFACE OXIDES AND CORROSION TESTS

It was considered worth while in view of the detection of
a zinc-rich surface to attempt to establish the identity of
the compounds on the surface of old tags. Electro-chemical
theory provided interesting corrosion possibilities once the
presence of zinc on the surface had been established. It was
decided therefore to examine the surface by means of an
electron microscope. Appendix I gives a short discussion
on the results and their implications.

It was felt that one point might well be followed up to
add even more weight to the experimental evidence. It had
been observed that high zinc surfaces were more reactive in
acid than surfaces with negligible zinc. While this seemed to
show that the zinc made the surface more corrodible it was
thought that there was too great a difference between acid
and the normal atmospheric attack to admit this observa-
tion to the consideration. An experimental series was
devised, however, in which solders containing varying
amounts of zinc were steam-aged and the gain in weight
observed. The curves obtained and photographs of the
test series together with explanatory notes will be found in
Appendix II.

CONCLUSIONS

The methods employed in the mass solder coating of tags
result in a product in which the solderability is reduced by
as much as 40 per cent. The small zinc content of these
coatings is much more detrimental than would appear to be
the case due to the surface effect. Nickel plating of the tags
before coating effectively prevents the contamination of the
solder coating providing the nickel is 0-0001 in. thick and
the temperature kept between 200° and 250°C.

For hand-dipped tags it has always been the practice
to nickel plate the brass. Moreover, the very short time of
dipping reduces still further any likelihood of contamina-
tion of the bath, since not only is the time of contact between
solder and brass, short, but also the temperature of the
brass will not have increased to equilibrium with the bath.
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F16. 3.—Brock ScHEMATIC DIAGRAM OF RaDio FREQUENCY UNIT.

A schematic diagram of the r.f. unit is given in Fig. 3.
When the transmitter is operating with the 3-1 Mc/s i.s.b.
drive unit, the r.f. output (f,) from a crystal oscillator is
fed via a harmonic generator unit to provide a carrier
source which when mixed with the 3-1 Mc/s signal in the
frequency-changer or third-modulator (M3) stage will
produce the final frequency f.. The output from the M3
stage is then amplified by a series of five linear amplifiers,
Al to A5.

When the 3-1 Mc/s i.s.b. drive unit is not in use, the M3
stage is operated either as an amplifier for C.W. emissions or
as an a.f. modulator-amplifier for d.s.b. or M.C.W. emissions.

Crystal -Oscillators—The crystal oscillator output fre-
quency f, is in the frequency range of 3-5 to 7-0 Mc/s at a
level of 100 mW into 75 ohms. The oscillators are located
at a central point remote from the transmitter and the
selected 1.f. output is fed via coaxial cable to the trans-
mitter.

Harmowmic Generator Unit.—The crystal-controlled fre-
quency f, is fed to the input of the harmonic generator
(h.g.) unit (Harmonic Generator W4) and this produces an
r.f. output frequency of f,, 2f, or 4f, in the range of 3-5 to
28 Mc/s (only 3-85 to 22 Mc/s is utilised in this particular
transmitter) at a level of not less than 80V across 10,000
ohms. This output is fed to the input of the third modulator
stage.

The h.g. unit is self-contained and is easily removable
from the r.f. unit for maintenance purposes. It comprises
three single-valve stages each using a 25-W beam tetrode.
The first or input stage is an amphfier designed to operate
with an input voltage which may be between about 2-5
and 8'5V across 75 ohms. The second stage is biased to
operate as a harmonic generator and the third, or output,
stage is adjusted as a class-B amplifier. Control of ther.f.
output level is provided by variation of the screen potential
of the class-B amplifier. In addition to the main r.f. output,
a low-level output at the same frequency is provided for
operation of the i.s.b. drive unit monitor receiver.

Third-Modulator (M3) Stage—This stage derives its
name from the fact that three frequency-changer or modu-
lator stages are required in this system to produce is.b.
emissions. Two of these, M1 and M2, are incorporated in
the drive unit described in Part 2 of the series.?

The M3 stage is used under three different conditions,
depending upon the type of emission required. They are:—

(a) With is.b. drive unit in use, the 3-1 Mc/s signal is fed
to the M3 stage input in series with the output of the
h.g. unit at frequency (1, 2 or 4)f,. The M3 output
frequency f, is then given by:—
Jfe(when below 10 Mc/s) = (1, 2 or 4)f, — 3-1Mc/s
fe(when above 10 Mc/s) = (1, 2 or 4)f. + 3-1 Mc/s
(6) For d.s.b. or M.C.W. emissions the M3 stage is used as
a grid-modulator-amplifier with the a.f. signal
modulating the output of the h.g. unit. In this case
f. is given by:—
fo=1(1,2o0r 4)f.
{¢) On C.W. emissions the M3 stage is used as in (5) but
with no a.f. modulation applied and f. is given by:—
Joe=(1, 2 or 4)f..

The M3 is a single-ended stage employing a 125-W beam
tetrode which, when connected for condition (a), operates as
a grid-modulated class-C amplifier without grid current.
The two r.f. signals are fed in series between the grid and
cathode, and the anode circuit is tuned to the sum or differ-
ence frequency f.. Under condition (8), the stage is operated
as a modulated class-A amplifier without grid current. The
r.f. output from the h.g. unit is applied to the grid of the
valve and the a.f. modulation in series with the grid-bias
supply, the anode circuit being tuned to the grid input r.f.
Under condition (c) the stage is operated as a straight-
forward class-A amplifier without grid current.

The levels of the inputs and output of M3 stage are
adjustable to ensure the correct operation of the stage and
to permit control of the final power output of the trans-
mitter to the aerial. The various operating conditions (a),
(b) and (c) are obtained by adjustment of grid-bias and
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Fi16. 6.—PowER DISTRIBUTION TO TRANSMITTER.

are heated from 6-3V A.C.) are all D.C. supplied from two
selenium rectifiers installed in the auxiliary rectifier room.
All filament supply voltages are stabilised by an automatic
voltage regulator operating on the A.C. supply to the
rectifiers. The D.C. outputs of the two rectifiers are 22V,
360A and 12V, 50A; these supplies are applied to the valves
in three stages of increasing current, controlled by time-
delay relays, to avoid damage to the filaments which might
otherwise occur.

The three grid-bias rectifiers are situated in the auxiliary
rectifier room. The two larger rectifiers supply 200V, 4A
for M3, A2, A3 and A4 stages and 600V, 4A for the A5
stage and a smaller rectifier (150V, 100 mA) with its output
free from earth, is used for the Al stage which is keyed for
telegraph signals. High-current rectifiers are used in order
that low-resistance potentiometers may be used for
controlling the grid voltage applied to each stage. This
ensures that the passage of grid-current through the
potentiometers has no appreciable effect on the grid-bias
voltage.

Four rectifiers are provided for high-tension anode
supplies of which three are accommodated in the auxiliary
rectifier room. Part of the fourth, the main 12,000V rectifier,
is in the fire-proof cubicle and part in the transmitter hall.
A 500-V, 0-5-A selenium rectifier provides high tension for
the harmonic generator unit and is a single-phase full-wave
rectifier with a two-stage inductance-input smoothing
filter. -The 3,000-V, 1-8-A and 9,000-V, 1-5-A rectifiers
provide high-tension anode voltages for stages M3 and Al
to A4 and are both three-phase full-wave selenium rectifiers
employing single-stage inductance-input smoothing filters.
The main high-tension rectifier is for the A5 stage and is a
three-phase full-wave rectifier employing six hot-cathode
mercury-vapour valves giving a maximum output of
12,000V, 12A. A continuous control of output voltage from
4,000V to 12,000V is obtained by means of a motor-driven

induction-regulator. Adequate smoothing is obtained by
use of a single-stage inductor-capacitor filter.

Safety provisions and power control civcuit.

Since high voltages are used in the transmitter, special
precautions are necessary to reduce to a minimum the risk
of operating staff receiving an electric shock. In addition,
the equipment must be protected from damage due to the
application of excessive voltage or current.

All wiring and equipment operating at poténtials up to
50V A.C. or D.C. with respect to earth is given reasonable
protection to avoid the possibility of maintenance staff
having accidental contact with it or causing a short-circuit.
Where the potential is above 50V and not exceeding 250V
A.C. or D.C., protection is generally given by using
completely insulated wiring and shrouded terminals and
tags. Where the potential is in excess of 250V A.C. or D.C,,
all wiring and equipment is completely insulated and
enclosed and arranged so that access is only possible when
the supply concerned is disconnected.

All doors of the r.f. unit are mechanically interlocked
with an isolating and earthing switch by means of sliding
bars and rods. The interlocking mechanism is arranged
so that all doors must be closed before the switch can be
placed in the “on” position; the doors are then locked by
the operation of the switch. In the “off” position, the
switch disconnects all the high-voltage supplies and earths
the high-voltage wiring to the various stages of the r.f.
unit. In addition, the switch includes auxiliary contacts,
which are electrically interlocked with the contactors
controlling the connection of the A.C. primary supplies to
the high-voltage rectifiers so that the supplies can only be
connected when the switch is in the “on” position.

The doors of the 12,000-V rectifier valve unit are
mechanically interlocked, by means of locks and keys, with
the ‘switch controlling the primary A.C. supply to the
rectifier and as an additional precaution, an auxiliary
contact on the door mechanism is interlocked electrically
with the primary A.C. supply contactor. The grid-bias
and other high-tension rectifiers have all panels screwed
in position and no special interlocks have been provided.

Earthingrodshave been providedso thatequipment which
has been operating at a high potential can be earthed before
handling to make quite certain that no static charges remain.

The equipment, especially the valves, is protected from
electrical damage by means of voltage and current relays;
these ensure that the supplies can only be switched on or
off in a particular sequence and that the valve anode
cooling water is flowing while power supplies are connected.

The power control circuit co-ordinates all the various
electrical protective devices and interlocks for gates and
switches and provides a means whereby the power supplies
to the various stages of the r.f. unit can be controlled from
a set of non-locking push-buttons. The use of push-
buttons ensures that positive action on the part of the
operator is required to connect a supply and if that supply
subsequently becomes disconnected for some reason, it
cannot be reconnected without again operating the
appropriate push-button.

(To be continued)

REFERENCES

1 “Single-Sideband Multi-Channel Operation of Short-Wave
Radio Links, Part 1.—General Survey.” W. J. Bray and D. W,
Morris, P.O.E.E.J., Vol. 45, p. 97.

2 “Single-Sideband Multi-Channel Operation of Short-Wave
Radio Links, Part 2.—An Independent-Sideband Transmitter
Drive Unit and Monitor Receiver.” P.O.E.E.J., Vol. 45, p. 154.
F. C. Owen and A. B. Ewen.

143



The Location and Verification
of Pairs in Cables
U.D.C. 621.315.21:621.395.74

H. E. BARNETT, T.D.,MSc.(Eng), AC.G.I, D.L.C., MLEE. }

At various times during the period 1946-1951 the author conducted experiments in the London Telecommunications Region with a view to

simplifying the problem of verifying the location and route of pairs in the cable network. This article explains how the experiments

were made and, in particular, refers to a method which normally renders unnecessary the opening of cable joints. In this method pulses

of 1000 c/s. tone are transmitted over the pair under test and a signal is picked up external to the cable sheath by means of a search coil,

amplifier and headphones. As no measurements are necessary the method is well suited to rapid testing in the ficld. Recommendations
are made regarding a number of improvements to the testing equipment which the author considers desirable for fature work.

INTRODUCTION

HE experiments which resulted in the technique to

I which this article relates started in 1946 in the West

Area of the London Region where high expenditure
on ‘“‘wires changed over” (partly on diversions for advice
notes) and the rapidly increasing expenditure on mainten-
ance of underground plant were causing concern.

The author came to the conclusion that the then usual
method of opening a cable joint (or joints) every time it
was necessary to trace a pair or locate a fault was un-
scientific, probably unjustifiable and certainly having a
bad effect on the cable plant. It was learnt by chance that
some equipment originally designed for tracing lost cables
on airfields had been considered by the Research Branch
for tracing cables pairs but had not been tried out. Arrange-
ments were therefore made to try this equipment on
subscribers’ cables.

Little progress had been made regarding the possibility
of receiving a signal from a single pair through the lead
sheath of a cable, and it was surprising that satisfactory
results were obtained at the first trials of the new method.
Four cases were taken, in a particular exchange area,
of reports from installation staff alleging that pairs allotted
for completion of advice notes could not be found at the
addresses specified.

The equipment used for these initial tests consisted of a
pulsed oscillator christened the ‘“‘ticker,”” a search coil,
amplifier and headphones, the amplifier being powered by
dry cells. Some description of these items is given later in
this article.

The ticker was applied to each pairin turn at the exchange
main frame and the signal was followed outward from the
exchange from manhole to manhole using the search coil,
portable amplifier and headphones. All four pairs were
duly traced and were found available for the intended
services though in two cases the locations were slightly
different from those recorded. The interest of these experi-
ments was twofold-—firstly they proved the method and
secondly they showed a way of avoiding the extensive
testing or costly rearrangement which would have been
required under normal procedure to complete the four
services.

Further experiments showed that cables pairs could be
traced in almost every case to the appropriate D.P. Two
difficulties were encountered. The first was that when the
pair was sound and open-circuited at the D.P., the signal
became inaudible at a distance of the order of 50 to 100
yards from the D.P. When the pair could be looped (as
with overhead D.P.s or D.P.s on wall blocks) an increase
in strength was found to occur which made the signal
audible and also served to identify the appearance of the
pair at the D.P. For the underground D.P. this could not
be done unless the required pair appeared on a block in
accessible premises, but on the other hand it was found
that unless a pair in an underground D.P.had been stumped

1 Inspectorate of Electrical and Mechanical Equipment, Ministry of
Supply (formerly Area Engineer, London Telecommunications
Region).
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very near the beginning of the D.P. there was sufficient
signal strength at the beginning of the D.P. length to show
the required pair entering the D.P. length (if it did), which
was sufficient justification for opening the D.P. cable
outside the premises to be served. The second difficulty
occurred when near the outer end of one of the longer cables
in one of the more scattered exchange areas; the faint
signal was blotted out by noise picked up from what
appeared to be a supply transformer buried nearby. Similar
troubles were met at a later date with interference from
supply mains, but it should be possible to overcome this,
and suggestions to this end are made later in this article.

The experiments also showed that when a cable pair had
been correctly reported as disconnected between the ex-
change and the D.P. it was usually possible to locate the
point of disconnection fairly accurately. With the apparatus
used for those experiments it was found, as stated above,
that the signal on a disconnected pair in a relatively small
cable became inaudible about 50to 100 yards from the point
of disconnection. Using this fact and identifying carefully
the last joint box or manhole in which a signal could be
heard it was possible in most cases to deduce correctly the
joint in which the disconnection lay. This was proved
many times, the exceptions being those cases where only
one wire was disconnected or where crosses occurred
between wires of two pairs.

It was also found that a short-circuited pair could be
traced right up to the point of short-circuit and, of course,
that when a joint was finally opened to put a pair through
or remove a short-circuit, the pair to be dealt with could
be identified with ease, without making any contact with it.

Two difficulties were found in using the equipment then
available. The first was that the dry cells supplied with the
equipment were liable to fail without warning, in which
circumstance the listener would receive no signal when
perhaps he should have done. The second was that for
any operation other than the tracing of a single pair it
was necessary to provide two-way communication between
the men listening outdoors and the men in the exchange.
It was found unsatisfactory to rely on the availability of
kiosks and as speaker pairs could not be provided (the
cables not having been opened) it was clear that only
a two-way radio link would give the required facilities.
(Ex-Army ‘“‘walkie-talkie” sets were tried but found
insufficiently powerful, especially among buildings.)

These results were reported, but for various reasons
three years elapsed before the experiments could be resumed.

APPLICATION TO MASS CHECKING OF CABLE PAIR RECORDS

In 1950 some equipment (described later) was made
available for maintenance testing and at about the same
time it was decided to make a check of the records of pairs
in subscribers’ cables in representative exchange areas
throughout’ London. This appeared to be work ideally
suited to the method tried in the earlier experiments, and
further experiments were started in East Area.

Testswere carried out inseven exchangeareas in East Area



—five automatic and two manual. All these exchanges
serve urban areas, all are relatively large, and in each case
the exchange area is fairly compact, the maximum distance
from any exchange to the edge of its area being under
three miles. In each case the cables are mainly of 10 Ib.
or 6} Ib. copper, cable sizes ranging from 1,400 pairs down
to 15 pairs. Almost all the distribution is via overhead
D.P.s except in a few main roads and one or two residential
areas, as underground services have never been greatly
used in the East Area—the tendency in the past has been
to serve main-road property from overhead D.P.s in side
roads. The few residential areas with underground D.P.s
are in the main those where special agreements with local
authorities have operated in the past to reduce the cost of
reinstatement.

The existence of so high a proportion of overhead D.P.s
would, of course, have made it easier to verify D.P. pairs by
traditional means had it not been for the fact that so many
D.P.s in the areas chosen had no spares which could
conveniently be used as speakers and in any case such
methods can only be used to verify pairs which actually
reach the recorded D.P.—they do not help to find the pair
which should go to a given D.P. but apparently does not.

The experiences in the seven areas included the following
which may be of interest to others using similar equipment.

In checking underground D.P.s without using a radio
link to the exchange it was found that the necessary opening
and closing of one joint per D.P. to provide a speaker took
about one hour with incidental work and therefore cost
nearly three man-hours per D.P. (two men at the D.P. and
one at the exchange mainly standing by).

When checking underground D.P.s using the ticker and
a radio link there is no need to open any joint, but the
check then only shows whether the cable pair reaches the
D.P. length; it does not show to which D.P. pair it is
connected. This, however, does not appear to be a dis-
advantage in practice.

In two cases difficulty was experienced in identifying the
route followed by the pair carrying the tone from the
ticker. In one instance this was because the listening
equipment picked up considerable extraneous noise which
appeared to be associated with supply mains. This was
not verified but'the effect showed the desirability of provid-
ing the listening equipment with filters tuned to the
frequency of the ticker oscillator. In the other case the
difficulty was due to the fact that many spares had been
bunched in a joint so that the test tone spread widely over
the network until the bunch was broken up. This showed
the need for insulating the ends of all stumped pairs.

In one area some difficulty was found in using radio
equipment because D.P.s serving an arcade of shops could
not be reached with a vehicle. This emphasised the desir-
ability of making all the equipment for the field party
completely portable and as compact and light as possible.

On one occasion when it was intended to demonstrate
picking-up of ticker tone on a cable pair the wanted tone
was swamped by a continuous noise apparently carried on
the cable sheath. Subsequent investigation showed that
the exchange howler was connected to a pair in that cable,
which had shown a P.G. in the exchange. The pair carried
two shared service subscribers and the fault was a contact
between two wires serving one subscriber, so presumably
the howler tone got on to the cable sheath via the sub-
scribers’ condensered bells. To verify this, the howler was
connected to an exclusive circuit in the same cable; in
those conditions there was no interference with the ticker
tone. This test:—

{a) confirmed previous tests which showed that the

application of ticker tone at a useful level to one
pair in a subscribers’ cable was not liable to cause

overhearing in another working pair, and

(b) suggested that some freedom from interference with
the tests might be secured if the ticker were to be
operated at a frequency rather above the audio band,
in conjunction with a superheterodyne receiver in
lieu of a plain amplifier.

In one case a pair was found to be split at a joint, the two
legs following different routes from the joint. Some tone
was encountered on each of the cables carrying the single
legs; the split was suspected and subsequently verified.

No satisfactory technique has yet been found for locating,
with this equipment, the position of the fault on a pair
which is partially earthed.

ToNE EQUIPMENT USED FOR THE TESTS
Tester SAQ0TT (“Ticker”).

This part of the equipment consists of a three-valve
oscillator providing an output of 1,000-c/s tone which is
split up into pulses at repetition frequencies varying
between about two per second and continuous tone.
Experience shows the most satisfactory repetition rate
(because most distinctive) to be about four pulses per
second. The oscillator can be served from either A.C. or a
12-volt battery so that it can be used in any exchange,
subject to the availability of a vehicle battery in the absence
of A.C. supply, or by the roadside should it be desirable to
trace a cable pair inwards from its outer end. It was not
developed for the second purpose but has been found very
satisfactory for it.

This oscillator has been superseded by the Oscillator No.
23A.1 The new oscillator is a smaller version using a similar
circuit but apparently cannot be operated from a 12-volt
battery. This is a disadvantage when it is necessary to
work in an area where the public supply is D.C. or not
available at the exchange (as in some U.A.X.s), or when it
is desirable to work at a point remote from the exchange,
though admittedly this latter contingency does not often
arise.

Search Coil.

This consists of a coil wound on laminations, the whole
being fitted in a can as used for P.O.-type transformers and
filled with compound. If is provided with a handle and a
flexible lead consisting of screened single conductor, the
screen being used for one lead. This coil picks up signals
fairly satisfactorily but is an awkward shape and extremely
difficult to place in the best position in a congested joint-box.

Amplifier No. 37A.

This is a three-valve R-C amplifier equipped with hearing-
aid valves (1-5-volt heaters) and supplied from dry cells.
It has been superseded by Amplifier No. 55A! which is
generally similar but includes a filter for eliminating
unwanted signals or noise.

One of the earlier-type amplifiers was experimentally
modified to operate from a power unit (ex-Army radio
equipment) supplying 12 volts for filaments and suitable
H.T., the unit being supplied from a 12-volt battery. This
arrangement was much more satisfactory as it eliminated
the uncertainty which frequently arose due to failure
of the dry batteries which were inadequate for continuous
use. It is not known whether this problem will arise with
the new model.

MeTHODS OF TESTING

Selection of pair, identification and communication.

For the earlier checks of D.P.s, radio facilities were
not available for most of the time, and ticker facilities

1P 0.E.E.J., Vol. 44, p. 1217.
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were only available intermittently. Consequently identifica-
tion was by picking up a 3-volt battery and communication
was over a prearranged speaker from D.P. to exchange.

Access to each pair to be identified was via a test distri-
butor. One test distributor circuit was borrowed from the
test desk and teed via miscellaneous blocks on the frames
to a-eonvenient point at one end of the M.D.F., at which the
testing control point was established. To this circuit was
connected a Tester AT 2607 modified locally.

The ‘‘through” key was modified to connect, when
operated, each wire of a pair through a Detector No. 4
(additional to the voltmeter in the tester) to a 3-volt
battery earthed on the positive side. This detector was
used on its 5-volt range. The mobile party then searched
for the marked pair using a Detector No. 4 on its 50-volt
range and earthed on its positive side. The particular pair
was identified by a forward deflection of nearly 3 volts; the
detector at the D.P. was then switched to the 5-volt range
and the increased current in the 3-volt circuit signalled to
the man at the exchange that the pair had been identified.
The arrangement is shown in Fig. 1.
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Fic. 1.—IDENTIFICATION OF CABLE PaIrs a1 D.P.s UsiNg 3-VoLt
BATTERY.

This arrangement was possible because access to tire pair
was obtained through the test distributor and so the
exchange battery was cut off from the pair under test.
It has the advantage that should the man at the D.P.
pick up a working circuit he will not damage his detector
and moreover there is no difficulty with backward deflec-
tions. This method of testing has the disadvantage that
while the test is in progress the subscriber loses the use of
his line.

The next method of identification tried was using the

MULT.  1OF LOCAL
o

_____ —o——— | TO PEGGED TEST
JACK

output of the ticker oscillator. It had been stated that
this should not be directly connected to a working line so
the output was fed to line through a step-down trans-
former and the Tester AT 2607. At the reduced level,
speech could over-ride the tone. The tester was then again
modified as follows. The dial speed relay (DS), which was
not required for its normal purpose, had its break contact
transferred to the circuit over which the test distributor
is switched by dialling. Then as soon as the distributor is
stepped to an engaged line, or when a subscriber lifts his
receiver to make a call while his pair is under test the test
distributor control circuit is broken, the line reverts to
normal and a pilot lamp shows what has happened (see
Fig. 2).

This facility is not available when identification is by
battery (as described above) because in that case the opera-
tion of the “through’ key disconnects relay DS. It is not
possible to use a low-voltage battery for identification and
at the same time retain the “‘subscriber’s forced release”
feature.

This forced release arrangement was developed as a
means of protecting subscribers against hearing the ticker
output without imposing on the testing staff any difficult
conditions about the level at which the ticker could be run
or the circuits to which it could be connected.

It was found in practice that the forced-release arrange-
ment was completely reliable, so when the provision of
radio-link facilities eliminated the need to speak over a
tone-carrying pair it was found unnecessary to keep the
output of the ticker below its normal level. A pair is then
identified by hearing the tone in a headgear receiver. If the
D.P. has open terminals (e.g. overhead) the receiver is
used with prods and condensered so as not to operate the
subscriber’s release. If the D.P.is underground the receiver
is used in conjunction with the search coil and its amplifier.

For the manual exchanges it was considered desirable to
reproduce as far as possible the conditions which had been
established when working at the auto exchanges. Test
distributors not being available, the connections were set
up from the manual board, one man being stationed there
and linked to the control position near the M.D.F. by a
local speaker circuit and a connecting circuit via a spare
outgoing junction jack.

Two break contacts of P relay (see Fig. 3) were put into
the feed from the oscillator to the Tester AT 2607 and this
ensured that should the subscriber make a call the tone
would be disconnected from his line and the engaged
condition would be cancelled. Likewise, should the test
circuit plug be inadvertently plugged into an engaged line,
tone would be immediately disconnected and there would
be no interference with the subscriber.
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Fig. 2.—TesTeEr AT 2607 MODIFIED (AS SHOWN BY DOTTED CONNECTIONS) FOR USE AT AUTOMATIC EXCHANGES ONLY.
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Fig. 3.—TEestEr AT 2607 MODIFIED (AS SHOWN BY DOTTED
CoNNECTIONS) FOR USE AT AUTOMATIC OR MANUAL EXCHANGES.

The mobile party was provided with head-and-breast
sets. One headgear receiver in the set used by the man
identifying the pairs was used as described above; the other
receivers and the transmitters were associated with the
radio link.

Various arrangements of the radio equipment were tried.
The most satisfactory with the equipment available was
that shown in Fig. 4 using two frequency-modulated V.H.F.
transmitter-receivers operating from 12-volt batteries on
two frequencies—77 Mc/s and 87 Mc/s—to provide two-way
communication.
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Fi16. 4.—EQUiPMENT FOR F1ELD TESTING PArRTY USING TICKER FOR
IDENTIFICATION AND RADIO FOR COMMUNICATION.

The men in the exchange were provided with head-and-
breast sets on long cords so that they could remain in
contact with the field party over the radio link while
moving about the M.D.F. and keeping their hands free for
testing. They also had hand microtelephones for use while
recording.

Procedure.

Before any field tests were made, schedules were prepared
showing main cable pairs and circuit numbers and
useful details. The correctness of allocation of circuit

number to cable pair was checked by the exchange party
before field verification started, by dialling each subscriber’s
number over the test distributor (or connecting via the
multiple, in manual exchanges), operating the “voltmeter”
and “earthing” keys on Tester AT 2607 and then looping
the main cable pair on the line side of the M.D.F. and
verifying receipt of the “loop” at the tester.

The exchange party and the field party were each
supplied with a copy of the schedule mentioned above and
a cable distribution plan of the territory to be covered.
This was covered in cabinet areas, the D.P.s within each
cabinet area being taken in order of geographic convenience.

All pairs in respect of which there were discrepancies or
queries were noted on both schedules (field and exchange).
These cases were saved until all D.P.s in the cable had been
checked. The discrepancies were then followed up, this
being found the best method, as often several pairs could be
dealt with at one joint. The disposal of each case was
limited to:— .

(@) tracing a pair to its actual destination (if other than

that recorded), or

(b) tracing a faulty pair to the approximate location of a

short-circuit or disconnection.

Test REsuULTS
Existing networks.

The results of the tests in p:'a.rts of seven exchange areas
are summarised in Table 1. Bearing in mind the facts that

TABLE I
Summary of faults and discvepancies found in existing network.
Per
Item Quan- | cent.
No. Item tity of
total
1 Cable areas checked 14
2 Cable pairs checked 16,822
3 D.P.s checked (739, Of/H, 279, U/G) 1,811
4 Pairs found at recorded D.P. but on ter-
minal block pair other than that recorded 2,344 | 14
5 Exchange or circuit number wrongon D.P.
card 260 15
6 Spare pairs recorded as working 159 0-9
7 ‘Working pairs recorded as spare 97 0-6
8 | Working pairs found at D.P.s other than 98 0-6
recorded
9 Spare pairs found at D.P.s other than
recorded 68 04
10 Spare pairs identified at D.P.s but faulty 83 0-5
11 Spare pairs not identified at D.P.s and
testing faulty from M.D.F. 584 35
12 Pairs found at M.D.F., but not in records,
traced to D.P. or disconnection 50 0-3
13 Pairs shown on A 9828 as ‘‘no record held”’
traced to disconnection 518 3.1
14 | Miscellaneous discrepancies (local exten- 150 0-9
sions etc.)
15 Net additional spares found at D.P.s
(item 6—item 7) 62 0-4
16 Total additional spares found at D.P.s
recorded as having no spares 17 0-1
17 Faulty pairs which could probably be
cleared without opening any joint larger
than 200 pr. 315 1-9
18 Pairs in item 17 which are for D.P.s with
no spares 150 0-9
19 Manhours spent in checking pairs 7,424
20 | Manhours spent in tracing S/C and dis. 1
pairs (items 10, 11, 12 and 13) (avge. 2-2
mh/pair) 2,759 |
21 Average expenditure for checking only |
(mh/pair) (item 19 divided by item 2) 0-44 .
22 Average expenditure for checking and !
tracing (mh/pair) (items 19 plus 20,
divided by item 2) 0-60
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the cable areas in which the work was done were selected
because of known difficulties with the records and that the
costs include the costs of learning how best to do the job
and of various experiments, it appears that given suitable
equipment the records of cable pairs in an urban network
can be completely checked for an average expenditure of less
than half a man-hour per pair.

It also appeared during the tests that of the pairs which
should have reached D.P.s but were faulty (as distinct
from those deliberately stumped on route) the majority
were faulty in small cables. While correction of errors in
records of spare and working pairs would clearly provide
very little in the way of additional spares, quite a useful
number could be provided by clearing faults in joints of
150 pr. and smaller sizes.

New work.

Following the work already described, the application
of these methods to the check-testing of new works and
rearrangements was authorised. Most of the schemes
checked during the period covered by this article involved
cabinets and included unequal numbers of pairs on the
exchange and distribution sides. Consequently it was
difficult to assess the costs of checking these schemes on a
basis of the number of exchange pairs involved. As a
rough check the numbers of E-side pairs and D-side pairs
were added together and divided into the cost of the checks;
on this basis the average cost per E-side pair or per D-side
pair worked out at about three-tenths of a man-hour
including, where necessary, the cost of tracing faults and
discrepancies. This figure was based on a total of about
5,000 pairs.

Where cabinets were involved the procedure was to test
the E-side pairs from exchange to cabinet, then extend the
tone from exchange to cabinet over one of the new spares
and verify from cabinet to D.P.s by jumpering through the
cabinet.

ORGANISATION AND STAFFING OF THE WORK

The work was started (using the slower methods of
verification) with two two-men parties in the field and one
two-men party in the exchange.

As a result of the provision of the radio link equipment
the field party covered the D.P.s so much faster (on one
occasion one field party of two men checked 28 under-
ground D.P.s (221 pairs) in one day—without, of course,
verifying D.P. loop numbers) that it was found that one
pair of men in the field could keep one pair of men in the
exchange fully loaded. The limiting factor appeared to be
the rate of working at which the field party became fatigued
(through climbing poles or opening boxes).

For tests of existing networks in manual exchange areas
it was found necessary to station a man in the switchroom
to change the connecting circuit from line to line under the
direction of the man controlling the operations from the
M.D.F.

For tests on new work involving cabinets the arrange-
ment adopted has been to post an additional man at the
cabinet to make cross-connections to the distribution
pairs but it may be found advantageous, given a battery-
operated ticker, to deal with such cases by putting the
ticker and the men previously referred to as the exchange
party out at the cabinet site and then checking the whole
of the D-side of the cabinet at once.

It is a matter for decision whether the faults located by
this technique should be cleared by special jointer pairs
working to the exchange party acting as a control or
whether the faults should be handed to the maintenance
division for clearance. In the latter event it would be
desirable for the maintenance division to provide ‘‘clears”
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to the exchange control set up for this work, in order to
complete the records of this work.

CONCLUSIONS

The types of fault which are not at present readily
amenable to location with this equipment can be dealt with
by other known methods: one-leg disconnections by use of
Tester SA 9004 and earth faults by Varley test (though
this is sometimes difficult when a pair changes gauge on
route).

Consideration might with advantage be given to the
provision of a ticker unit as part of the permanent equip-
ment of each major exchange. Listening equipment should
be available for use by maintenance staff in clearing faults,
by construction or works control staff for checking new
work and by installation staff in proving pairs required for
their work. Radio equipment would be worthwhile for
all works involving considerable checking in one locality.

In installation work it is always desirable to prove the
existence at the right place of the allotted pair before an
installation party is sent out. For areas with overhead
D.P.s this is already done. Where the D.P.s are under-
ground this is either not done or done by a jointer in
advance of the installation party. This latter arrangement
involves two openings and two closings of one joint for one
advice note and is clearly undesirable. Use of the ticker
would make it possible to follow correct survey procedure
in all cases.

Based on the experience gained in the London Tele-
communications Region a number of improvements in
testing equipment seem worth consideration. For example,
a supersonic ticker giving the present range of tick fre-
quencies and associated with a heterodyne receiver would
give greater immunity against interference from external
sources, and alternative input from a 12-volt battery for all
portable units would also be an advantage. As already
mentioned, the present design of the search coil is not satis-
factory. What is wanted is a coil which will lie close to a
cable and partially wrap it, with the lead coming out at one
end and the coil case fitting snugly in the palm of the hand.
The coil case should be waterproof and the lead should be
of screened twin cable earthed to the amplifier case.
A further improvement in operation would be obtained if
some means were provided to ensure that an amplifier is
still operating (e.g. a push-button to provide feed-back and
cause A.F. oscillation). Without this facility, absence of a
signal can be most misleading.

The radio link equipment, which should be continuously
rated, should work duplex preferably as neither man
in a mobile party has a hand to spare to operate a trans-
mitter change-over switch. Auto-call facilities or an alarm
at the exchange end would avoid the need for the exchange
party to monitor while the field party is moving from point
to point. A further advantage would result if the field
equipment provided facilities for both the members of the
field team to talk to the exchange party and also to each
other, since the man making the tests may be up a pole or
down a manhole while his mate will be on ground level
recording results.
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Notes and Comments

Special Commendation

The Board notes with pleasure that the Postmaster-
General has personally commended Mr. I. Munro,
Technician ITA, Fraserburgh, to whom the Royal Humane
Society has awarded its Testimonial on Parchment, for his
gallantry in attempting to save the life of a member of the
crew of the Fraserburgh lifeboat, which capsized in heavy
seas on 9th February, 1953.

Revision to LE.E. Examination Regulations

The Institution of Electrical Engineers has announced
that the Institution Examination is to be revised. The
revised Examination will be in three parts which, briefly,
are as follows:—

Payt I will be much on the lines of the existing Section A
Examination and will be held jointly with the Institu-
tion of Civil Engineers.

Payt 11 will consist of three subjects: Electrical Engineer-
ing, Mathematics and either Engineering Physics or
Thermodynamics.

Part 111 will include Advanced Electrical Engineering as
a compulsory subject, and a choice of two others from
a list of eight.

The revised Examination will come into force by pro-
gressive stages between April, 1954, and October, 1956. The
Examination Regulations have now been published and, in
due course, model examination papers will be available.

Further information can be obtained on application to
The Secretary, The Institution of Electrical Engineers,
Savoy Place, London, W.C.2.

Award by Institution of Electrical Engineers

The Board notes with pleasure that Mr. A. H. Mumford,
0.B.E., B.Sc.(Eng.), jointly with Mr, G. R. M. Garratt, M.A.
(Science Museum), has been awarded a Radio Section
Premium for a paper on ‘“The History of Television,”
during the 1952-53 Session.

Thermistor Production

It is regretted that an error occurs on p. 34 of the
April 1953 issue in the resistance/temperature relationship
quoted for a semi-conductor. The equation should read,
Ry = Roeb/”,

Institution of Post Office Electrical Engineers

Essay Competition 1953-54

To further interest in the performance of engineering duties,
and to encourage the expression of thought given to day-to-day
departmental activities, the Council of the Institution of Post
Office Electrical Engineers offers five prizes, a first prize of
Five Guineas and four prizes of Three Guineas, for the five
most meritorious essays submitted by members of the
Engineering Department of the Post Office below the rank of
Inspector. Draughtsmen Class II, with less than five years’
service in that grade, are also eligible to compete. In addition
to the five prizes the Council awards a limited number of
Certificates of Merit. Awards of prizes and certificates made
by the I.P.O.E.E. are recorded on the Staff Dockets of the
recipients. An essay submitted for consideration of an award
in the Essay Competition and also submitted in connection
with the Associate Section I.P.O.E.E. prizes will not be
eligible to receive both awards.
In judging the merits of an essay, consideration will be given
to clearness of expression, correct use of words, neatness and
arrangement, and although technical accuracy is essential, a
high technical standard is not absolutely necessary to qualify
for an award. The Council hopes this assurance will encourage
a larger number to enter. Marks will be awarded for originality
of essays submitted.
Hints on the construction of an essay can be obtained, if
desired, upon application to the Secretary at the address given
below. Copies of previous prize-winning essays have been
bound and placed in the Institution Central Library. Members
of the Associate Section can borrow these copies from the
Librarian, I.P.O.E.E. (G.P.0.), Alder House, London, E.C.1.
Competitors may choose any subject relevant to current
telegraph or telephone practice.
Foolscap or quarto size paper should be used, and the essay
should be between 2,000 and 5,000 words. An inch margin is
to be left on each page. A certificate is required to be given by
each competitor, at the end of the essay, in the following
terms:—
“In forwarding the foregoing essay of............ words,
I certify that the work is my own unaided effort both as
vegavds composition and dvawing.”

Name (in Block Capitals).........coiiiiiiiiiinniiinnns

Departmental Address. .........cooviiii i iiiriiiinnnn
SIENATUVE o oo v et e e i e e
ERANE . e ot iieeiin it Date ................
(*If a Draughtsman Class 11, state date of appointment fo that

grade.)

The essays must reach The Secretary, The Institution of
Post Office Electrical Engineers, G.P.O. (Alder House), London,
E.C.1, by the 31st December, 1953.

The Council reserves the right to refrain from awarding the
full number of prizes or certificates if in its opinion the essays
submitted do not attain a sufficiently high standard.

Review of Prize-winning Essays—1952-53
Competition*

The Council of the Institution is indebted to Mr. W. S.
Procter, M.1.LE.E., F.R.S.E., Chairman of the Judging Panel,
for the following review of the five prize-winning essays:—

“The essay judged to merit first place, ‘The Problem of
Interference to Television Reception from Amateur Trans-
mitting Stations’, by G. H. Bedford, is a succinct, well-written,
well-produced account of some of the difficulties overcome by
amateurs in suppressing harmonic radiation, so enabling them
to avoid interference to television receivers. After a brief
account of the growth of amateur radio, and the extent of the
frequency bands allocated to amateurs in the United Kingdom,
the author shows that the harmonic relationship between the
amateur bands and the television channels is such that each
band has harmonic relationship with at least two television
channels. He then investigates the cause and nature of
harmonic interference and proceeds to a consideration of
methods of locating and reducing it. He also suggests that the
intermediate or image frequency band of television receivers
should not be centred upon an amateur band and that, where
this 1s done, it is illogical to hold an amateur transmitter
responsible for either intermediate frequency or image break-
through. Finally, he suggests the need for an additional
amateur licensing clause and changes in the licensing regula-
tions with the purpose of enabling television and amateur
transmission to enjoy a peaceful and active co-existence.

“Next in order of merit is ‘The Problem of Fading in the
Long-Distance Communication Circuit,” by S. C. Boas. The
author first investigates the causes of fading and gives an
account of fading patterns observed by using the 16 aerials of
the multiple unit steerable antenna system (M.U.5.A.). He
then describes various methods of reducing fading effects and
discusses the advantages and disadvantages of each.

“The third essay is ‘Lift Installations: Aspects of Main-
tenance and Salient Features of Design Advancement’ by
G. Chalk. In the first part of the paper the author deals with
the types of equipment available and discusses their merits for
specific purposes. He pays particular attention to the various
safety devices available. In the second part of the paper the

* The full list of Awards was published in the July, 1953, issue,
p- 94.
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author discusses the maintenance routines and gives a detailed
account of the points that must receive attention. The inspec-
tion of lift ropes and rope renewal are particularly well
described.

“The next paper is ‘Post-War Developments in the Testing
of Dials Automatic,” by G. W. Bates, in which the author,
writing mainly about the acceptance testing of bulk supplies
of dials, deals with the latest dial test set and electronic
methods for the rapid testing of large numbers of dials.

“The last paper to be awarded a prize is that on ‘Shared
Service in Rural Areas’ by J. L. Bowley. This is a well-written
account of the various schemes applicable to U.A.X. and small
manual exchange areas followed by an account of the more
stringent maintenance conditions incurred and the author
suggests reasons why shared service is not so satisfactory in
rural areas as it is in urban and city areas.”

H. E. WILCOCKSON,
Secretary.

London Centre

The programme arranged for the first half of the 1953-54
session is as follows:—
Ordinary Meetingst
6th October, 1953.—Chairman’s Address. ‘““Recent Develop-
ments in Subscribers’ Apparatus and Services.” F. C.
Carter, O.B.E., B.Sc.(Eng.), M.LE.E.
10th November, 1953.— “The Influence of Signal Imitation
on the Design of V.F. Signalling Systems.” S. Welch,
M.Sc.(Eng.), AM.ILEE.
11th December, 1953.—'‘Maintenance of TV Links.”
C. E. E. Clinch, B.Sc.(Eng.), AMILEE. F.S.S., and
L. Thomas, AM.LLE.E.
Informal Meetings}
21st October, 1953.—Vice-Chairman’s Address. ‘‘Some
Aspects of the Growth and Maintenance of the Telephone
Service.” G. S. Berkeley, M.I.E.E.
25th November, 1953.—“Regional Engineering Training
—TIs it worth while?”” C. E. Palmer Jones and G. W. P.
Hills.

t Held at the Institution of Electrical Engineers, Savoy Place,
Victoria Embankment, W.C.2, commencing at 5 p.m.

i Held in the Conference Room, Waterloo Bridge House, S.E.1,
commencing at 5 p.m,

Recent Additions to the Library

2108 Electrical Measurements and the Calculation of the Ervors
Involved, Pt. II—A.C. (Brit. 1953.)

Covers the syllabus of the B.Sc.(Eng.) degree in
Electrical Measurements and Measuring Instruments;
shows how errors can be calculated, what methods to use
for a particular measurement and the conditions for
which a method will give the best results; and provides
a Laboratory Manual giving proved methods of
measurement.

From Atoms to Stars. M. Davidson (Brit. 1946).

Provides a general outline of the most up-to-date
knowledge of the heavenly bodies and shows the methods
employed by the astronomer to derive their distances,
sizes, masses, temperatures, etc.

The Cold Working of Non-fervous Metals and Alloys. Inst.
of Metals (Brit. 1952).

A symposium on metallurgical aspects of the subject on
the occasion of the-Annual General Meeting of the Insti-
tute in 1951.

Modulators and Frequency Changers.
(Brit. 1953).

Intended for engineers who have to design and main-
tain modulators and frequency-changers and other
systems associated with them, and for the communica-
tions student.

2112 Heat and Thermodynamics.
Miller (Brit. 1951).
Primarily for the use of students taking a university
honours course in Physics; the book in general has been
written from the experimental point of view.

2109

2110

2111 D. G. Tucker

J. K. Roberts, rev. A. R.

2113

2114

2115

2116

2117

2118

2119

2120

2121

2122

2123

2124

2125

2126

2127

2128

2129

2130

The High-Speed Compression Ignition Engine. C. B.
Dicksee (Brit. 1940).

Deals in detail with the principle governing the opera-
tion of these engines.

Applied Electromics. D. H. Thomas (Brit. 1948).

Emphasises the fundamental principles and illustrates
them with applications to give an insight into the possi-
bilities and limitations of electronic equipment.
Polyphase Commutator Motors. B. Adkins and W. J.
Gibbs (Brit. 1951).

Describes the most important methods of control and
the characteristics obtained, the theory being given in
separate sections which can be omitted by those primarily
interested in what a machine will do.

Automation. J. Diebold (Amer. 1952).

Concerns the future of electronic aids in commerce.
Remote Control in Radio. A. H. Bruinsma (Dutch 1952).

A treatment of two systems—amplitude modulation
and impulse technique.

The Principles of Line Illustration. L. N. Staniland
(Brit. 1952).

Designed to help students and research workers who
have difficulty in making drawings for their own
information or for reproduction.

The High-Speed Internal Combustion Engine. H. R.
Ricardo (Brit. 1953).

Represents the author’s experience of and conclusions
drawn from the research, design and development work
of his firm, and stresses particularly sleeve-valve engines.
Internal Combustion Engineeving. A. T. J. Kersey
(Brit. 1949).

A general survey of the construction, applications and
operation of all classes of internal combustion engines.
Radio and Television Servicing, Vol. 1, Radio. E. Molloy
and W. F. Poole (Brit. 1953). .

Radio and Television Sevvicing, Vol. II, Television. E.
Molloy and W. F. Poole (Brit. 1953).

Radio and Television Servicing Charis. E. Molloy and
W. F. Poole (Brit. 1953).

The above three books form a comprehensive and de-
tailed manual dealing with the installation, maintenance
and repair of all the leading makes of television, and
post-war broadcast-, automobile- and communications-
type radio receivers.

Examples in Electrical Calculations.
1952).

Covers the requirements of Preliminary and Inter-
mediate C. and G. examinations.

Atoms and Energy. H. S. W. Massey (Brit. 1953).

A non-technical account of the developments in atomic
physics which led to the large-scale release of atomic
energy, emphasising the scientific rather than the tech-
nical aspects of the development.

Print Control. M. P. Wooller (Brit. 1953).

Covers enlarging techniques and afterwork on prints.
Electrical Transmission of Power and Signals. E. W.
Kimbark (Amer. 1949).

Intended as a textbook for junior and senior students
in electrical engineering who have had the usual courses
on D.C. and A.C. circuits with lumped parameters, but
none on electrical machinery or on electron tubes.
Management. E. F. L. Brech (Brit. 1953).

An exploratory treatise on the theory of management.
Vacuum-Tube Oscillators. W. A. Edson (Amer. 1953).

A systematic and reasonably complete treatment of
the many factors which affect the behaviour of vacuum-
tube oscillators.

Television Receivey Design: I.F. Stages. A. G. W. Uitjens
(Dutch 1953).

One of the Philips series, this volume deals particularly
with pentode amplifiers operating in a frequency range
between 10 and 100 Mc/s, and includes high-frequency
amplifiers of T.R.F. receivers (40-70 Mc/s).

W. D. FLORENCE,
Librarian.

Admiralty (Brit.
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solved by the newly available low-power battery-operated
V.H.F. equipment.

The installation of the aerial and equipment was done by
Aberdeen Area staff, with technical assistance from Head-
quarters.

The official opening ceremony, at which Colonel Gardiner,
the Director of the Post Office in Scotland, presided, took place
at 3 p.m. on Saturday, 15th August. The Right Honourable
James Stuart, Secretary of State for Scotland, made the
inaugural call from the Town Hall at Wick via the C.B.S.3

exchange at John o’ Groats and the call was accepted by
Councillor Allen at the kiosk on behalf of the 95 islanders.

After the ceremony the islanders proceeded to deplete the
stock of coins which they had been accumulating for the
occasion. The link was kept in almost constant use until
10 o’clock on Sunday evening.

There are many similar islands around the coast of Scotland
and the Post Office has a fairly extensive programme for
providing similar links when equipment and manpower become
available.

Associate Section Notes

Aberdeen Centre

The Annual General Meeting was held on 18th March when
the balance sheet for 1952-53 was presented and approved.
The total membership was 110. The following office-bearers
were elected for 1953-54:—

Pyesident, Mr. R. C. Birnie (Area Engineer); Chairman, Mr.
R. T. Ross; Vice-Chaivman, Mr. D. S. C. Buchan; Secretary and
Treasurer, Mr. J. H. Lawrence; Librarian, Mr. W. F. Leith;
Auditors, Mr. D. D. Milne and Mr. R. W. Lord; Commiliee,
Mr. M. G. Ronalson, Mr. G. C. McKee, Mr. F. L. Crabbe,
Mr. E. D. Petrie, Mr. J. Yule, and Mr. J. Hutchison.

The programme for session 1953-54 has been arranged as
follows:—

Qctober, 1953.—“The New Standard P.A.B.X.s,”Mr. J. H.

Lawrence (T/O, Aberdeen).

November, 1953.—‘Introduction to Mechanical Engineer-
ing,” Mr. R. T. Ross (T/O, Aberdeen).
January, 1954—“Radar,” Mr. G. T. J. Donaldson (T/O in

Training, Aberdeen).

February, 1954.—"Modern Housing,” Mr. E. A. Meldrum,

A R.I.B.A. (Aberdeen).

March, 1954.—Annual General Meeting followed by paper
on “TV Links,” Mr. T. Moxon (Regional Headquarters).

The attendance throughout the last session was very dis-
appointing, so please come along and support us by your
presence. J.H. L.

Birmingham Centre

During the past three months no meetings or visits have
been held, but this does not mean that the Centre has been
dormant; on the contrary quite an amount of ‘“‘behind the
scenes’’ activity has been going on.

A letter has been sent to all members of the staff in the
immediate area around Birmingham to publicise the activities
of the Institution in an attempt to increase further the numbers
who are members of this Centre. This has resulted in 36 new
members up to now (August) which brings the total member-
ship to 280. The Librarian has revised the lists for the circula-
tion of periodicals for the 1953-54 session and as a result of the
demand by members for this popular service, additional
periodicals are being purchased.

The programme for the coming session has now been
arranged and it is hoped that it will satisfy all tastes. The
President of the Associate Section, Col. C. E. Calveley, kindly
consented to open the session on 17th September by addressing
a joint meeting of this Centre and the recently formed Birming-
ham Test Section Centre on ‘‘“The Present System of Appraisal
and Promotion.”

The remainder of the programme is as follows:—

12th October, 1953.—‘Jet Propulsion.”” R. H. Spikes, of
Joseph Lucas (Gas Turbine Equipment), Ltd.

17th October, 1953.—Visit to Hamstead Colliery.

10th Nowember, 1953.—‘3-D Films’’—a talk and demon-
station.

18th November, 1953.—Visit to Fort Dunlop.

December, 1953.— My Impressions of the American

Telephone Service.” C. Morgan.

15th December, 1954.—Visit to the Museum of Science and
Industry.

14th January, 1954.—" The Work of the Cable Ships.”
G. Cottam of the Submarine Branch.

23rd January, 1954.—Visit to Birmingham University
Physics Department.

8th February, 1954.-—"“Rockets”—a film show by A. C.
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Rotherham.

25th February, 1954.—Visit to B.S.A. Motor Cycle Plant.

9th March, 1954.—Accommodation.” C. L. Topham,
AMIEE.

22nd March, 1954.—Visit to Fisher & Ludlow, Ltd. (metal
pressings).

7th April, 1954—"The City of Birmingham Water Sup-
ply.” C. A. Risbridger (Chief Engineer).

27th April, 1954.—Annual General Meeting.

May or June, 1954.—Visit to Elan Valley.

K.G. S A,

Darlington Centre

The Annual General Meeting was held on 20th May, 1953,
and the officers elected for the 1953-54 session are as follows:—

Chawwman, N. V. Allinson; Vice-Chairman, W. Gosling;
Secvetary, C. N. Hutchinson; Treasurer and Libravian, B.
Midcalf. Local Commitiee: R. W. Cowan, D. E. Dodds, G. A.
Garry, T. L. M. Hebron, T. James, K. Johnson, S. Little, R.
Moore, E. Pinkney, J. Ronaldson, A, Snowden, W. L. Young.
Auditors: A. S. Hyatt and P. Dodd.

The fact that this committee is representative of both ex-
ternal and internal staffs means that the out-stations will be
more fully informed and this should result in even better
attendances at the meetings.

It was the unanimous decision of the meeting that the
membership fee be increased to 2s. which is still apparently very
low in comparison with other centres.

18tk Jume, 1953.—A visit to the Darlington and Simpson
Rolling Mills proved most enjoyable. Mr. W. French, the
general works manager, had made excellent arrangements to
receive us and departmental heads accompanied the party and
explained the various processes in the manufacture of the
firm’s products.

The visit was the sequel to an excellent talk on “‘Steel”’ given
by Mr. French to the Centre some time ago.

Sunday, 19th July, 1953.—Twenty members joined forces
with the Middlesbrough Centre in a visit to the Thornaby
R.AF. Station. Here, again, excellent arrangements had been
made by a departmental colleague, Major R. R. Johnson,
R.A. (T.A)), who has seen long service at the station.

The visit was of six hours’ duration without a dull moment,
and Major Johnson was thanked for his services and requested
to convey to the Station Commander our appreciation of the
facilities afforded.

Arrangements are well in hand for the 1953-54 session, with
the usual endeavour to provide a programme better than the
previous one. C.N. H.

Dundee Centre

A new session is again with us and it is the object of the
Dundee Centre Committee to bring before the membership a
very full and varied programme from which much enjoyment
should be had.

It is intended that visits be made to a local news-printing
office, Briggs’ tar distillation refinery, sugar-beet factory,
modern jute works, Burndept battery makers, and a
locomotive shed.

It is also intended that papers be read on the following
subjects: Power—E.L. and P.; U.G.—Planning and Mainten-
ance; Repeater Stations; Radio Interference; A.C. Signalling
Systems; Sales Development; Training; Trunk Mechanisation;
C.P.C.; Music Recording.

‘With such a programme it is to be hoped that the member-
ship will take full advantage and find something of interest.

R.L.T



Edinburgh Centre

A talk by the Telephone Manager, Mr. R. F. Bucknall, at the
September meeting will be the beginning of what is hoped will
be an interesting session. A varied programme has been
arranged and the outside visits, so popular throughout the
year, will again be a prominent feature. The popular and
technical magazine list which began a few months ago as an
experiment will be continued and it is hoped to increase the
number of periodicals. New members are continually being
enrolled and a welcome at any of our meetings awaits all
interested. J. R. H.

Glasgow and Scotland West Centre

The programme arrangements for the 1953/54 session are
as follows:—
2nd October.—"‘Electronic Switching,” by Dr. Coombs,
London.
30th October.—Member’s Paper by Mr. R. Goldie.
27th November.—“Localisation of Cable Faults,” by
Mr. A. J. Allen, Glasgow.,
22nd January.—Member’s Paper by Mr. J. J. Brown.
26th February.—“Training,” by Mr. S. Munro, Edinburgh.
26th March.— “Trunk Mechanisation,” by Mr. G. Camp-
bell, Edinburgh.
Proposed visits are as follows: Cyclotron, Glasgow University;
Dobbie’s Tobacco Works, Paisley; Weather Ship.
Two summer visits are also proposed: (1) Hydro-electric
station at Loch Sloy; (2) B.B.C. station at Westerglen.
The Centre has been singularly fortunate in obtaining the
services of Mr. J. L. Angus, B.Sc.,, AM.LLE.E., Area Engineer,
as Chairman.
A cordial invitation is given to everyone, especially in the
Scotland West Area, to join this session’s activities.

Gloucester Centre

Although with a smaller membership for the 1952/53 session
this centre’s activities have been well maintained. The
programme was as follows:—

October.— ‘Britain’s Largest Non-Director Exchange,”’
by Mr. G. J. Hoare, illustrated with films in colour as well
as black and white.

November.—‘Television,”” an excellent paper given by
Mr. F. N. Bedwell, A Brit.I.R.E.

December.—“The Internal Combustion Engine,” by
Mr. H. R. Hudson, resulted in a large number of questions
from the audience.

January—“656 M.P.G.,” by Mr. J. M. Readings,
Grad.I.M.E., who achieved this exceptional consumption
rate in the News Chronicle road fuel economy test run.

A visit to the British Electricity Authority’s Castle Meads
Generating Station at Gloucester gave us a chance of being
in the warm on a bitterly cold day.

February—A return Quiz with the Bath Centre resulted
in a well-deserved victory for them, making the score
one all.

At the Annual General Meeting held on 20th May, 1953,
renewed interest was shown and the Committee increased in
size. Elected were: President, E. H. Jeynes, AMILE.E,
Area Engineer; Chairman, K. A. Priddey; Secretary, J. W. Cox;
Assistant Secretary, H. D. Cook; Treasurer, A. K. Franklin;
Committee, A. E. Adams, J. W. Brookes, D. A. Cooper,
D. Collins, C. R. Johns, C. W. Morgan, H. R. Moule, J. A.
Page and K. Savery.

Immediately prior to this meeting, our Telephone Manager,
Mr. W. Moseley, M.B.E., presented Mr. R. T. Hoare with
the Institution Award and three-guinea cheque gained for
his paper, ‘“An Outline of Carrier Telephony,”” which he had
previously read to the Centre during the 1951/52 Session,
earning the President’s prize. Mr. G. J. Hoare received the
current year’s local award given by Mr. F. D. W. Embling,
Area Liaison Officer.

A more ambitious programme is being aimed at for the
coming winter and further details will be given later.

J. W.C.

Guildford Centre

The Annual General Meeting was held on 23rd April, 1953,
and the following officers were elected for the ensuing year:
President, H. M. Wells (Area Engineer); Chairman, A. B. Biggs;
Secrvetary, L. G. Wallis; Treasurer, R. J. Nichols; Commitiee,
J. W. Moon, F. Lancaster, G. M. Newman and E. Knbtt;
Auditors, A. J. Daborn and F. B. Amey.

The annual outing was to Oxford, where the party was
entertained to lunch by the Nuffield Organisation and after-
wards shown round the plant. The evening was spent in
visiting the Colleges and their surroundings.

Programmes of all the proposed activities during the
1953/54 session have not been completed but it is hoped to
include: Eight film shows and seven factory visits and the
following lectures: “The Television Receiver,” L. G. Wallis
(October, 1953); “The Medical Aspects of Aircraft Design,”
Group-Capt. Stewart, Principal of Aero Medical College,
Farnborough (November, 1953); ‘Interplanetary Travel
(February, 1954); “Wood Turning” (March, 1954).

L.G.W.

London -Centre

The London Centre 1953/54 session commenced on 26th
August with the final round of the Inter-Area Quiz between
City and S.W. Areas. The adjudicator was Mr. Deveraux,
AMIE.E., and the quiz master Mr. A. W. Lee. The result
of the final round was a win for City Area by half a point. In
the previous round Long Distance Area held the lead against
S.W. Area until the last question.

A News Letter is now being published at quarterly
intervals in order to keep members in touch with past, present
and future activities of the London Centre.

A further new venture this session is the setting up of
a Technical Advice Panel under the guidance of the previous
librarian, Mr. Skinner. Its purpose is to give users of the
service the information that they require, and put them in
touch with a source that can settle their problems. The panel
when complete will cover all branches of Telecommunications
and allied subjects.

The London Centre programme for 1954 will include the
following lectures:—

‘“Telegraph Automatic Switching,” Mr.

Martindale.

“Qutside Broadcasts,”” Mr. Sanderson.

“Cable and Wireless, Communications of the World,”
Col. H. J. Wellingham.

“Electric Timekeeping,” Mr. H. T. Stott.

The London Centre Committee would like to take this
opportunity of reminding members of the library facilities.
Books are obtainable from the I.P.O.E.E. Library at Alder
House, or if necessary from Messrs. H. K. Lewis. It is felt
that members should make more use of this facility.

E. W.B.

L. A T

Middiesbrough Centre

The Annual General Meeting was held on the 14th May,
1953. The following officers were elected: Chairman, W. ]J.
Costello; Vice Chairman, D. B. Oliver; Secvetary, G. Finch;
Assistant Secvetary, P. Garrick, Treasurer, R. R. Johnson.

A fully representative committee was elected covering
officers concerned in all phases of our work. A pleasing
feature was the number of young members elected to office,
which augers well for the future of the Centre. The meeting
offered congratulations to the Chairman, W. J. Costello, on
his National Award, and to Ted Grimshaw for his Regional
Award.

The new committee are busy with next session’s programme
but in the meantime visits have already been made to the
Television Station at Arncliffe Wood and the R.A F. Station
at Thornaby.

Other visits planned are to the new power station at
Billingham and to Kemsley Newspapers at Middlesbrough.

The committee ask all members of the staff to rally round
the new officers and give them full support. It is only by
having a large and active membership that we can hope to
maintain a live centre. G. F.
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Staff Changes

Promotions
Name Region Date Name Region Date
Exec. Engy. to Sny. Exec. Engr Tech. Offr. to Asst. Engr.~—continued.
Carden, R. W. G. E.-in-C.O. .. 8.5.53 Laurie, D. Scot. to L.T. Reg. 30.6.53
Leek, T. W, S.W. Reg. to Scot 11.5.53 Dobson E. D. S W. Reg. to E.-in-C.O. 1.7.53
Little, S. J. L T. Reg. to E.-in-C.O. .. 15.6.53 Bennett, J. G. E.-in-C.O. .. 6.7.53
Smith, D. C. . E.-in-C.O. to Fact. Dept.. . 15.7.53 Anderson, D. S. Scot. to L.T. Reg 6.7.53
‘Wase, A. E. N... E.-in-C.O. .. . .. 23.7.53 Murfitt, R. H.C. Reg. to E.-in-C.O. 6.7.53
Duff, J. B. Scot. 3.8.53 Wells, C. R. . E.T.E. to E.-in-C.O. 13.7.53
Williamson, J. B. Mid. Reg. 13.7.53
Asst. Engr. to Exec. Engr. Povey, ]F A, W g .C. Reg. to E.-in- C O. 20.7.53
Postance, J. C. E. Mid. Reg. to N.W. Reg 8.6.53 Laylor, F. J. W. C. Reg. to E.-in-C.0. 20.7.53
Cri Woods, A. S. .. N.W. Reg. . 28.7.53
risp, A. J. E. .. E -in-C.O. 1.4.53 Bartl
I ett, L. W... S.W. Reg. ’co E. -1n—C 0. 4.8.53
Kitching, J. K. E.-in-C.O. 15.5.53 EC H.C. Reg. to E 4n-0.0 10.8.53
White, G.~ .. E.-in-C.0. 20553 | James, B.C. :C. Reg. to E-in-C.O. 8.
Forbes, E. D Ein-GO 13.7.53 Chandler, K. . Mid. Reg. to E.-in-C.O. 17.8.53
s e A ' o o Bunday, D. C. .. S.W. Reg. to E.-in-C.O. 17.8.53
Inspr. to Asst. Engr. - 3 Asst. (Sc.) to Asst. Engr.
Craigie, F. R. C. Reg. .. - .. 31.3.5 ino
Pither. R. T. S.W. Reg. .. o 15.6.53 Beardmore, A. F. E.-in-C.O. 26.5.53
Horton, B. L. S-W. Reg. .. 15.6.53 Asst. Exptl. Offr. to Asst. Engr.
c Keen, D. S. E.-in-C.O. 26.5.53
Tech. Offr. to Asst. Engy.
Duncan, C. L. .. N. Ire. Reg. 31.1.53 Tech. IIA to Asst. Engr.
Atherton, H. N.W. Reg. .. 2253 | Footten, P. L. G, L.T. Reg. 26.5.53
Gooch, S. H.C. Reg. 25.253 | pritchard, D. A E.-in-C.0 26.5.53
Clark, R. A. S. W.B.C. 26.4.53 [ . T -
Roberts, F. . N.W. Reg. .. 4.5.53
Hornsby, H. C. Mid. Reg, 11.6.53 | Asst. Expll. Offr. to Exptl. Offr.
Baldwin, I. H. E.T.E. 11.5.53 Shirley, D. G. M. E.-in-C.O. 4.8.53
Brown, G. . E.T.E. 11.5.53
Robertson, S. N. E.-in-C.O. 26.5.53 | Inspr. to Traffic Oﬂ'
Taylor, F. C. .. E.-in-C.O. .. 26.5.53 Purdon, J. Scot. to L.T. Reg. .. 17.2.53
Woollett, B. J. S.W. Reg. .. 1.6.53
Step, E. C. L.T. Reg. 3.6.53 Tech. Offr. to Inspr.
Bond, B. L. L.T. Reg. 3.6.58 | Powell, F. E. H.C. Reg. 17.2.53
Price, N. W. E.-in-C.O. 8.6.53
: Chapman, A. E. H.C. Reg. 17.2.53
Davies, H. B, .. N.E. Reg. 15.6.53
Chaney, W. J. E. H.C. Reg. 26.5.53
Gaukrodger, D. N.E. Reg. 15.6.53 Steele, J. HC. Re 96.5.53
Palmer, D. .. E.-in-C.O. 15.6.53 e B8 9
Mellors, H. R. L.T. Reg. 15.6.53
Drinkwater, R. W. E.-in-C.O. 22.6.53 | ZLech. 1. to Inspr.
Billcliff, D. . N.E. Reg. to E. -m-C O. 22.6.53 Davies, S. W. W.B.C. 19.3.53
Bowdidge, W. L L.T. Reg. to E.-in-C.O. 22.6.53 Rafferty. W. N. Ire. Reg 1.4.53
Barnes, P. R. H.C. Reg. to E.-in-C.O. 29.6.53 Bihet, F. L. W. H.C. Reg. 11.5.53
Courage, D. R. .. S.W. Reg. to L.T. Reg 29.6.53 Hall, T. E. .. H.C. Reg. 31.5.53
Tolboys, P. N.E. Reg. .. 29.6.53 King, H. J. A. .. Mid. Reg. 23.6.53
Retirements
Name Region Date Name Region Date
Sny. Exec. Engr. Asst. Engr.—continued.
Gambier, J. E. S W. Reg. 18.6.53 Freshwater, R. A. A. L.T. Reg. 15.8.53
Pirie, H. A. .. E.-in-C.O. .. 25.6.53 Pratt, E. E.-in-C.O. 16.8.53
Sturgess, H. E... E.-in-C.O. (Vohmtm'y) 30.6.53 Rogers, T. .. L.T. Reg. 16.8.563
Norman, S. J. .. L.T. Reg. .. 18.8.53
Exec. Engr. ‘Warburton, E. N.W. Reg. .. 20.8.53
Moores, H. J. N.W. Reg. .. . .. 30653 | Jack A... L.T. Reg. 31.8.53
Benson, W. K. N.W. Reg. .. .- .. 2.7.53
Jones, C. J. . N.E. Reg. .. .. 31.8.53 Inspector
Hutchings, W. S L.T. Reg. .. .. .. 31.8.53 Maves.
- yes, J. W. L.T. Reg. 15.2.53
Ware, W. . E.-in-C.O. . .. 24.7.53 Leney, W. H. Mid. Reg. 11.5.53
Moss, J. S.W. Reg. .. 16.5.53
Asst. Engr. Newey, L. G. B Mid. Reg. . 21.5.53
Wallis, H. W. HC. Reg. .. 31.1.53 Bantin, A. L. L.P. Reg. (Voluntary) 31.5.53
Power, W. ET.E. . 31.3.53 Paton, R. Scot. .. .. 30.6.53
Milne, G. W. .. ET.E. .. .. .. 30.4.53 Rlchards, G. H P L.T. Reg. 30.6.53
Clayton, C. E. Scot. .. .. .. 31.5.53 Wills, H. H. L.T. Reg. 30.6.53
Thorn, G. L.T. Reg. .. . 4.6.53 Godirey, G. M. L.T. Reg. 30.6.53
Tovey, F. P. Mid. Reg. .. .. 11.6.53 Vause, J. C. N.E. Reg. 1.7.53
Rae, G. .. Mid. Reg. (Health grounds) 11.6.53 Collins, E. R. L.T. Reg. .. 2.7.53
Poole, H. N.E. Reg. .. .. . 13.6.53 Cohu, M. S.W. Reg. .. 12.8.53
Gibbons, T. .. N.E. Reg. .. .. . 30.6.53 Norton, L. . N.E. Reg. 10.8.53
Braddick, H. A. E.-in-C.O. .. .. .. 6.7.53 Stockwell, W. A L.T. Reg. 31.8.53
Richardson, W. A. N.E. Reg. .. . .. 7.7.63
Buchanan, D. G. Scot. .. .. .. 16.7.53
Nevin, D. C. .. NW.Reg. .. .. .. 21153 | Tech. Asst. I.
Jalland, F. R. E.-in-C.O. . .. 3.8.53 Finlayson, J. W. Scot. 31.8.53
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Transfers

Name Region Date Name Region Date
Sny. Exec. Engr. Exec. Engy.—continued.
Smith, R. C. W.B.C. to SSW. Reg. 22.6.53 Iliffe, D. E. L. .. E.An-C.O. to Telecomms.
Dept Malaya .. 4.8.53
Williams, J. B. F. E.-in-C.O. to N.W. Reg. . 17.8.53
Exec. Engr. Asst. Engr.
Heath, F. ]J. E.-in-C.O. to E.A. ngh Moore, J. C. E.-in-C.O. to Min. of Supply 4.8.53
Commission . 3.2.50 Gough G. J. E.-in-C.0O. to Mid. Reg. .. 1.6.53
Kyme, R. C. E.-in-C.O. to H.C. Reg 1.6.53 Hodgkinson, A. A A E.-in-C.O. to N.E. Reg. 14.6.53
Tinto, J. M. Mid. Reg. to S’W. Reg. .. 29.6.53 Thompson, C. H. E.-in-C.O. to Mid. Reg. 6.7.53
Freere, S. E. E.-1n-C.O. to Mid. Reg. 4.8.53 Brookes, G. A. L.T. Reg. to E.-in-C.O. 13.7.53
Deaths
Name Region Date Name Region ; Date
Avrea Engy. Asst. Engy.—continued.
Leek, T. W. .. . Scot. 26.6.53 Prince, C. J. .. L.T. Reg. 5.8.53
Fitzgerald, J. C. .. N.W. Reg. .. 9.8.53
Asst. Engy. Rutherford, W. .. Scot. .. 11.8.53
Casemore, F. H. H.C. Reg. 5.8.53 Bennett, J. S. N.W. Reg. .. 28.8.53
— +
DRAUGHTSMEN
Promotions Transfer
Name Region Date Name Region Date
D'man Cl. I to Ldg. D’ man. D’man.
Hampton, T. E. E.-in-C.O. 4.3.53 Harrison, A. F. L.T. Reg. to E.-in-C.O. 4.5.53
Bradford, H. J. E.-in-C.O. .. .. .. 5.1.53
Key, H. J. L. E.-in-C.O. .. .. .. 14.3.53
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6 Amps. 250 Volts A.C./D.C. rating is conservative, and the Double Pole Changeover
operation meets the requirements of most single or double pole switching applications.
Essentially a quality component to be incorporated in the production lines in all kinds of
electrical and electronic engineering, its multi-switching facilities make it also the ideal
unit for prototype and laboratory equipment. Different bush and lever lengths from those
illustrated can be supplied, to conform to RCL {51, or to meet individual requirements
where the standard size is unsuitable.
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Part 4

Post Office Standard P.A.B.X.s

J. ). ROCHEY}

Part 1.—General review of new types and details of P.A.B.X. No. 1

U.D.C. 621.395.24

During the past few years much work has been done on the standardisation of P.A.B.X.s and this article, to be published in two parts,
describes the developments so far completed. Part 1 introduces the subject, outlines the various types of standard P.A.B.X. now available
and covers in some detail the P.A.B.X. No. 1 and its associated cordless manual board. Part 2 will describe the P.A.B.X.s Nos, 2 and 3.

INTRODUCTION

LTHOUGH the Post Office is concerned primarily
Awith telephone communication on a national basis,

the private branch exchange is becoming an in-
creasingly important feature of the general scheme of
communications. Indeed, the growing tendency towards
the formation of large commercial and industrial groups,
together with a greater appreciation of the value of efficient
internal communications, is, in many cases, changing the
P.B.X. outlook from one of serving as a dispersal point of
the main exchange call, to a field of its own, providing an
essential self-contained network of communications separate
from, but dovetailing into, the main national network.

The private manual branch exchange (P.M.B.X.) has, in
the past, been widely used. This may well be continued in
the future, particularly for the smaller unit, but with the
increasing demand for rapid and efficient 24-hour service
and the high cost and scarcity of switchboard operators, the
private automatic branch exchange (P.A.B.X.) is being used
to a much greater extent than formerly.

Until recently the design of P.A.B.X. equipment was left
to the individual manufacturer concerned, with the result
that several differing types of equipment have been provided
throughout the country. As the number of installations
increased it was decided that it would be to the advantage
of all concerned and in the interests of efficiency to evolve
standard designs.

The development of standard equipment was com-
menced on the following broad terms:—

(1) The facilities to be given should be as comprehensive
as possible, based upon the past experience of earlier
designs. .

(2) For all types of P.A.B.X., both cord- and cordless-
type manual boards should be available.

(3) Up to 50 extension lines the equipment should be
designed as a self-contained unit. Above 50 extension
lines design would follow main exchange practice.

(4) Post Office standard components only should be used.

(6) Equipment up to a size of 1,200 extension lines should
be held as a stock item.

Development of the “under 50 lines” type with cordless
and cord switchboards, and the “over 50 lines” with cord
switchboards, has been completed and equipments are in
service. No development has as yet been done on the cord-
less “over 50 lines” P.A.B.X. _

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

A

The P.A.B.X.s have been titled as follows:—

P.A.B.X. No. l—maximum capacity, 10 exchange
lines, 49 extensions. Cordless manual board (referred to as
“attendant’s cabinet”’).

P.A.B.X. No. 2—maximum capacity, 10 exchange
lines, 49 automatic extensions, with an additional 30
“manual only” extensions. Cord-type manual board.

P.A.B.X. No. 3—50 extension lines and over, with
cord-type manual board.

The original objective of making P.A.B.X. No. 3 up to
1,200 lines a stock item has had to be abandoned and com-
plete standardisation has not been realised. P.A.B.X.s of
this type will continue to be supplied and installed by direct
arrangement between the manufacturer and subscriber,
standardisation being limited to circuits and components.
This means that, while there may be slight variations in
layout of equipment between one installation and another,
there will be no fundamental difféerences between them.

GENERAL DEscripTiON OF P.A.B.X. No. 1

The Automatic Equipment.

The automatic equipment is manufactured in four sizes
having capacities as shown in Table 1.

TABLE 1
Sizes of Equipment
Apparatus
4+15|54+24 |7+ 35[10-49

Exchange line circuits 4 5 7 10
Extension line circuits 15 24 35 49
Manual Extension line

circuits 2 2 4 4
Inter-Switchboard line

circuits 2 2 3 3
Connecting circuits 3 4 6 7
“0” level circuits 2 2 2 2
Enquiry circuits 1 1 1 1

The equipment is enclosed in a cabinet and Figs. 1 and 2
show the arrangement for the 10 -} 49 size; the others are
similar, except that for the two smallest the cabinet width
is reduced. No provision is made for the extension of the
smaller sizes; they will be replaced when necessary with a
larger unit.
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