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The New Signalling System for Divisions and Counts

in the House of Commons
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Foreword by the
Assistant Postmaster General

The House of Commons is proud of the long
usage which has given authority and prestige
§ to its forms and practices. Erskine May, to
which we look for guidance, is not a book of
rules but a series of chapters on how and why
3 things are done as they are. Practice is the
product of precedent.

The bells which summon Members to their
duties in the Chamber and Division Lobby
are a part of this Parliamentary life. When
the new Chamber was built after the bombing
'  many methods of summoning Members were
possible that were not available to our for-
bears. All were rejected in favour of the old
system which had a place in our history. :
Even to improve it is a daring enterprise. :
S  What follows is a description of how the
¢ system has been improved to meet the wishes ¢
of the House. The change has been made
: without offence to familiar practices. Tradi-
tion and convenience have been shaped into
. a happy alliance. It is an accomplishment of
: which Post Office engineers can be proud and
which Parliamentarians may admire.
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t The authors are, respectively, Chief Regional Engineer,
Senior Executive Engineer and Assistant Engineer, London
Telecommunications Region.

INTRODUCTION

It is perhaps not generally appreciated that the provision
and servicing of the bell system used in the House of
Commons to summon Members of Parliament to
Divisions and Counts is the responsibility of the Post
Office.

The decision to call a Division or a Count is taken by
the Speaker of the House. His call is relayed orally by
staff of the Serjeant-at-Arms, ‘“badge messengers,”
present inside the Chamber, to their colleagues outside.
This call “Division” is shouted through the corridors of
the House by the police. At the same time as the Speaker
calls the Division, the Clerk to the House, sitting before
him, starts a timing device while the doorkeeper, warned
by the Serjeant-at-Arms, operates the bells.

For a Count, the Clerk informs the Speaker after two
minutes have elapsed. A quorum comprising not less than
40 Members must then be present to enable the business
of the House to continue. For a Division, the procedure
is similar except that Members have six minutes during
which they must reach the Division Lobbies, After this
time the Division Lobbies are locked. For a Division, it
is possible for Members residing outside, but reasonably
close to, the House to attend and external bells are
provided in the residences of these Members as well as
in the offices of Ministers in nearby government buildings.

This method of communicating calls by the Speaker to
the officials of the House, including the person appointed
to operate the apparatus used to initiate signals to operate
the internal and external bells, is part of established
parliamentary procedure and much may depend upon
its efficient working.

The maintenance of the apparatus used to originate
signals, the internal and external bells and common
equipment, e.g. batteries and guard facilities, is the
function of resident Post Office gngineering staff.

THE OLD SYSTEM

The code of ringing with the old system was, for a
Count, ringing for a period of 25 seconds; for a Division,
four periods of ringing of 25 seconds each, with intervals
of 10 seconds. The most serious disadvantage of this
system lay in the fact that some 35 seconds had to elapse
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A Microwave Model Equipment for Use in the Study of the
Directivity Characteristics of Short-Wave Aerials
Part 2—Some Investigations Carried Out with the Model Equipment

D. W. MORRIS, B.Sc.(Eng.), AMIEE., E.W. THURLOW, A.M.LEE,,
and W. N. GENNA, Associate LEE.T

U.D.C. 621.396.67.001.57:621.3.012.12

Part 1 of this article described a technique that has been developed
for studying the performance of short-wave aerials by the use of
small models operating at microwave frequencies. Part 2, the
concluding part, gives the results of various problems that have
been investigated using the model equipment. These include studies
of the directivity characteristics of a rhombic aerial and a hori-
zontal array of dipoles and the effect on aerial performance of
nearby metallic structures. The article concludes with some
information about the use made of the equipment in solving some
typical development and siting problems.

INTRODUCTION

HE microwave model equipment has been used to

investigate various problems relating to the

directivity characteristics of aerials. With its aid
it has been possible to acquire detailed information
which in many cases could not be obtained by any other
means or only by an undue expenditure of time and
effort. Thus it has been possible to measure the three-
dimensional directivity characteristics of some of the
more commonly used short-wave directional aerials and
so deduce the overall performances which could be
expected from them in the field. Two types of aerial
whose directivity characteristics are of particular
interest are the rhombic aerial and the horizontal array
of dipoles (H.A.D.), since in their most common forms
they have similar forward gains and are not dissimilar
in their overall space requirements when allowance is
made for their relative operational band-widths. A
comprehensive study of the directivity characteristics
of these two aerials included measurements with the
model aerial equipment and observations of traffic
signals received on full-scale aerials.

The above-mentioned study illustrates the use of the
model-aerial equipment to determine the performance
of any given type of aerial under ideal conditions, i.e.
when isolated from any form of structure that might
influence its performance. This performance is in general
similar to that which can be obtained by normal com-
puting methods (although as shown in Part 1 the
accuracy in detail of these methods is limited by the
necessity to assume a form of current distribution
which 1s amenable to mathematical treatment). In
practice, however, aerials are inevitably associated with
some form of supporting structure and are usually
erected in the vicinity of other aerials, masts, buildings,
etc., and a knowledge of the effects of these on the
““ideal” performance of any given aerial is very desirable
if optimum aerial performance is to be realized with
economy of ground space and equipment. In many cases
these effects are not readily calculable, whereas the
the construction of scale models of the various types of
obstacles encountered in practice presents no difficulties.

+ The authors are, respectively, Senior Executive Engineer
and Executive Engineer, Radio Systems Development Division,
Post Office Research Station, and Executive Engineer, Over-
seas Radio Planning and Provision Branch, E.-in-C.’s Office.

Accordingly, the model-aerial equipment has been used
to give quantitative information on the effects of the
presence of such obstacles at various distances from, and
orientations relative to, a test aerial.

A useful aspect of the model-aerial technique is the
ease with which conditions peculiar to a specific problem
can be simulated. This is a very desirable facility when,
for example, consideration is being given to the optimum
siting of aerials in planning new radio stations or
extensions to existing stations. Similarly, when the
design details of an aerial and its associated supporting
structure are being considered, it is invaluable to be able
to determine quickly the effect of varying the relevant
parameters by comparatively simple modifications of the
scale model (sometimes merely changes in the relative
positions of component items) rather than by theoretical
studies, which tend to be laborious and time-consuming
and may well yield only approximate results. These
features of the model-aerial equipment make it a useful
tool for use in the development of aerial systems.
Several examples of problems of a specific nature which
have been investigated with the aid of the equipment
are given in this article.

DIRECTIVITY CHARACTERISTICS OF RHOMBIC AND H.A.D.
AERIJALS
Model Measurements
Horizontal Polarization. Measurements were made on
a model rhombic aerial and a model horizontal array of
dipoles (H.A.D.) of the form shown in Fig. 8. The

487

AERIAL
HORIZONTAL
ARRAY OF DIPOLES

Height of each aerial above ground = 1:1A
FIG. 8—DETAILS OF TEST AERIALS

models were scaled relative to typical full-scale aerials
by a factor of 1 : 200 and were energized at a frequency
of 3,000 Mc/s, corresponding to the design frequency
(15 Mc/s) of the full-scale aerials. Azimuthal directivity
characteristics of the aerials were recorded for every
2° or 4° of elevation from almost horizontal to almost
vertical and the measurements were then repeated at
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RHOMBIC AERIAL HORIZONTAL ARRAY OF DIPOLES
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FIG, 9—AZIMUTHAL DIRECTIVITY CHARACTERISTICS OF RHOMBIC AERIAL AND HORIZONTAL ARRAY OF DIPOLES
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frequencies 20 per cent above and below the design
frequency. Fig. 9 (a) shows directivity characteristics for
vertical angles in the range 8°-24°, which includes the
more usual angles of reception on short-wave circuits.

For each aerial the vertical angle was set for maximum
response and the amplitude of the major lobe appearing
on the face of the cathode-ray tube was then adjusted to
coincide with the 0 db circle of the graticule. Hence, all
the recorded directivity characteristics pertaining to one
frequency can be compared on an amplitude basis; they
cannot be directly related to those applicable to other
frequencies, however, due to the frequency-sensitive
nature of the signal source arrangements.

Vertical Polarization. The model-aerial equipment has
been so designed that, when desired, the horn observation
aerial can be rotated through 90°, in which condition it
accepts only the vertically-polarized radiation from the
aerial under test instead of the horizontally-polarized
radiation considered hitherto; the cross-polarization
ratio of the horn is about 35 db. Using this technique,
the azimuthal directivity characteristics of the rhombic
and H.A.D. aerials with respect to vertically-polarized
signals were recorded. At each test frequency the vertical
angle was set for maximum response with the observation
aerial arranged for horizontal polarization and the
amplitude of the major lobe was adjusted to coincide
with the 0 db circle; the observation aerial was then
rotated through 90° and the directivity characteristics
for vertical polarization were recorded without further
amplitude adjustment. Thus, the results of the vertical
polarization measurements shown in Fig. 9 (b) for vertical
angles in the range 8°-24° are expressed on the same scale
as for the corresponding horizontal polarization measure-
ments.

In estimating the performance of a full-scale receiving
aerial from directivity characteristics obtained in this
way by horizontal and vertical polarization measure-
ments on models, it should be noted that the two sets of
characteristics have the same relative significance when
the aerial under consideration is used to receive radio
waves in which the horizontally and vertically polarized
components are equal. When one type of polarization
is dominant only the appropriate set of characteristics
need be considered. In general, radio waves reflected
from the ionosphere are elliptically polarized; the
precise form of the ellipse defining the polarization is
determined by the relative amplitude and phases of the
horizontal and vertical polarization components and
depends on propagation conditions and frequency.

Measuremeris on Full-Scale Aerials by Observations of
Traffic Signals

Measurements on full-scale aerials involving trans-
missions from aircraft, described in the first part of this
article, provide very precise information regarding the
directivity characteristic appropriate to one vertical
angle of arrival (or at best a few selected angles) and to a
signal of known polarization under single-path condi-
tions. In practice, however, short-wave signals arrive
at various vertical angles, by various paths, and with
varying polarization conditions. It is important, there-
fore, 1o know the performances of full-scale rhombic
aerials and H.A.D. aerials when measured with signals
typical of those encountered operationally and thus be
able to compare the results of the model measurements
with those obtained in this manner. Accordingly, tests
using normal traffic transmissions were carried out at

Cooling Radio Station on a rhombic and an H.A.D.
aerial of the form shown in Fig. 8; the design frequency
in each case was 15 Mc/s and both aerials were oriented
for reception from Laurenceville, the American trans-
mitting station of the transatlantic radio-telephony
system. Two series of tests were carried out.

For the first, the two aecrials were automatically
connected in turn for five-minute periods to a single-
sideband receiver tuned to the Laurenceville (on course)
signal and a recording milliammeter was used to record
the a.g.c. voltage, as a measure of the carrier level. The
receiver was then tuned to any signal in the frequency
band 12 to 18 Mc/s which could be identified (and thus
the direction of its source known*) and the carrier levels
were recorded using the aerials in turn, as before. This
procedure was repeated for other signals of suitable
frequency that could be identified. Mean values of the
signal levels for the five-minute periods were then
estimated from visual examination of the chart records
and the relative levels of each signal as received on the
two aerials were determined.

In the “on-course” directions the two aerials appeared
to be equal in performance in that the signal levels
measured were equal; it was observed, however, that
interference from unwanted stations was more pro-
nounced on the H.A.D. than on the rhombic aerial.
The relative performances of the two acrials for any
given “‘off-course” direction can be expressed as

__ Protection Ratio of H.A.D.
" Protection Ratio of Rhombic

(Level of on-course signal on H.A.D.)/(Level
of off-course signal on H.A.D.)

~ (Level of on-course signal on Rhombic)/(Level
of off-course signal on Rhombic)

and, since the levels of the on-course signals are equal for
the two aerials,

P — Level of off-course signal on Rhombic
" Level of off-course signal on H.A.D.

The values of P thus determined for several directions
are shown in Fig. 10 by dotted lines. The length of each
radial line from the circular datum line indicates the
measure of the ratio of the protection ratios of the two
aerials at the relevant azimuthal angle; outward-drawn
lines indicate that the rhombic aerial has a better pro-
tection ratio and inward-drawn lines that the H.A.D. is
better.

The chart records in the above tests indicated that for
any given received signal the ratio of the levels from the
two aerials, i.e. the protection ratio, varied with time,
and accordingly a second series of tests was carried out
in which the variation of the signal level from each aerial
was analysed by the use of a level-distribution analyser.
Each aerial in turn was connected for half-hourly periods
to the single-sideband receiver, which was tuned initially
to the on-course signal. An a.g.c. time-constant eof
85 sec was used, so that the receiver gain was held
substantially constant over a long period, and a recording
milliammeter was arranged to record the a.g.c. voltage
as a measure of the slow general changes of signal level.
The more rapid changes of signal level were recorded by
connecting the level-distribution analyser to the receiver
carrier-alarm diode; this diode, which is at an earlier

* It should be noted that propagation conditions may some-
times be such that the actual azimuthal direction of arrival of a
short-wave signal does not coincide with the true bearing of the
transmitting source.

db.
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ON COURSE

180°

————— Direct Recording Tests
Level Distribution Tests

Positive values = Rhombic better than H.A.D.
Negative values = H.A.D. better than Rhombic
. = Aerials equal in performance

FIG. 10—RELATIVE PROTECTION RATIOS OF H.A.D. AND RHOMBIC
AERIAL FROM RESULTS OF TRAFFIC OBSERVATIONS

stage in the receiver than the a.g.c. diode, is associated
with a short-time-constant circuit and so reproduces
changes of signal level which are too rapid to be affected
by the a.g.c. action of the receiver. The analyser was
adjusted to cover a range of receiver input levels from
+30 to 450 db relative to 1uV in series with 75 ohms,
in six steps spaced by 4 db intervals.

For each half-hour period the percentage of time
that the recorded signal level exceeded each of the six
analyser levels was determined from the analyser clock
readings, and the results for each pair of adjacent half-
hours (one with rhombic, one with H.A.D.) were plotted
on ‘““probability” graph paper. From each pair of curves
the levels from each aerial which were exceeded for
99 per cent, 50 per cent and 1 per cent of the time were
read off and the corresponding differences between the
levels from the two aerials determined, taking into
account the differences in the two a.g.c. settings of the
receiver as indicated on the recorder chart. For the
great majority of the transmissions observed the scatter
of the 99 per cent, 50 per cent and 1 per cent figures did
not exceed 2 db, and it is reasonable in each of these
cases to take the 50 per cent figure as being representative
of the relative responses of the two aerials to the par-
ticular transmission observed. The values of P for the
different transmissions observed are shown in Fig. 10 by
full lines.

Comparison of Results of Model and Full-scale Traffic
Tests

Consideration of the directivity characteristics of the
two aerials, as measured on microwave models, indicates
that in general the rhombic aerial has a narrower major
lobe in the forward direction and a better protection
ratio in the backward direction. The H.A.D. has a better
protection ratio at certain azimuthal angles about
3040° off-course, but in general around the sides the
relative performances of the two aerials depend very
much on the particular azimuthal angle.

The measurements on full-scale aerials using normal
traffic signals were necessarily limited by such factors as
traffic schedules, the geographical positions of trans-
mitters, and difficulties of identifying the source of
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incoming signals, but the relative performances that
were measured (summarized in Fig. 10) can be seen to
be in good agreement qualitatively with those deduced
from the results of the model tests.

THE EFFECT OF THE PROXIMITY OF METALLIC STRUCTURES

In the past little has been known about the extent to
which the performance of a short-wave aerial-system
can be influenced by the composition of its supporting
structure and by the proximity of metal objects such as
other aerials, metal masts and steel-frame buildings.
Some guidance derived from early experience of long-
wave aerials suggested that resonant lengths of metal in
the supporting structure and close spacing between
aerials should be avoided, but the lack of precise informa-
tion was a serious handicap to the promotion of economy
in the construction and siting of short-wave aerials.
When post-war planning of new radio stations indicated
that upwards of 30 aerials, each occupying nearly one
acre of ground, might well be required at a single station,
the problem of simplifying aerial construction and of
determining the minimum permissible separation between
aerials on a radio station site assumed great importance.

The investigation of such problems was well within the
scope of the model-aerial equipment, and it was decided
to carry out tests on a model of a typical rhombic aerial
having dimensions, at a frequency of 20 Mc/s, as
follows: side length 67, semi-side angle 70°, height 1-1A.

Preliminary investigations established that a metallic
structure produced a measurable change in the strength
of the signal incident on the observation aerial only if it
intercepted the path between the test aerial and the
observation aerial or caused a substantial irregularity in
the ground plane in front of the test aerial. With a few
exceptions, therefore, measurements were restricted to
determining the effect of various test conditions on thé
field intensity of the rhombic aerial only in the direction
of maximum response. No evidence of distortion of the
directivity characteristic was observed under any
conditions likely to occur in practice.

Effect on a Rhombic Aerial of the Composition of its
Supporting Structure

The scale model of the rhombic aerial was first sup-
ported by poles and stays made entirely of insulating
material; the signal strength at the observation aerial
measured under these conditions constituted the reference
level for subsequent measurements. Metal poles and
stays were then substituted step by step and measure-
ments made with the combinations of pole and stay
arrangements detailed below:

(i) Poles made of insulating material with continuous
wire stays.

(ii) As (i) but with single wire stays broken up into
%, 5 Or A lengths, and either earthed to or insulated from
the ground plane.

(7ii) End poles fitted with two stays 90° apart, for all
the variations of lengths and conditions referred to
under (i7).

(iv) Metal poles, either earthed to, or insulated from,
the ground plane, with insulated stays.

(v) Metal poles with the stay combinations detailed
under (i) and (ii).

In no case could any change in the signal strength at
the observation aerial be detected. It can be assumed
therefore that the use of metal for the corresponding



components supporting a full-scale aerial has no signifi-
cant effect on the performance of the aerial.

Effect of a Metal Lattice Mast in the Vicinity of a Rhombic
Aerial

These tests were carried out using a 1 :150 scale
model of a 187 ft lattice mast fitted with a 28 ft horizontal
top gantry. With this scale the effect of the full-scale
mast at 20 Mc/s would be simulated by model tests at
3,000 Mc/s. For these tests two opposite faces of the
model mast were rigged with K-bracing and two with
cross-bracing; detachable horizontal bracing was also
provided for all four faces. Details of the bracing
arrangements are shown in Fig. 11. The reduction in
signal level at the observation aerial was measured with
the mast positioned at various distances in front of the
rhombic test aerial, for each of the following test con-
ditions:

() With the K-braced faces of the mast parallel
to the minor axis of the rhombic.

(i) As ({) but with horizontal bracing added.

(iif)y With the cross-braced faces of the mast parallel
to the minor axis of the rhombic.

(iv) As (iii) but with horizontal bracing added.

DISTANCE OF MAST
FROM MINOR AXIS

i ! OF AERIAL
HORIZONTAL b o
/ BRACING \ § o 202
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FIG. 11—-BRACING ON MODEL FIG. 12—POSITION OF MAST

CROSS BRACING

LATTICE MAST RELATIVE TO RHOMBIC AERIAL
Measurements were made with the mast directly ahead
of the aerial, i.e. in line with its major axis, and also with
the mast directly ahead of one of the side-poles, as
shown in Fig. 12. The results are shown in Table 1.

TABLE 1
Effect of Metal Lattice Mast in Front of Rhombic Aerial

Position of Mast relative Reduction in Signal Level due to Mast
With K-Braced Faces With Cross-braced Faces
Parallel to Minor Axis Parallel to Minor Axis
Distance of Aerial of Aerial
Direction from Minor|
Axis of Without With Without With
Aenal Horizontal | Horizontal | Horizontal | Horizontal
Bracing Bracing Bracing Bracing
Wavelengths db db db db
Directly 10 05 1-25 25 25
ahead of 15 05 0175 1-75 1:25
front pole 20 025 05 1 075
: 5 05 2 2 1-75
Directy. 10 025 125 1 075
side pole 15 0 15 05 05
20 0 025 075 05

The results in Table 1 indicate that K-bracing alone is
less troublesome than cross-bracing, as might be
expected. However, the table also shows that pro-

gressive increases in the number of braces do not
necessarily make the mast more troublesome. These
results indicate that, when the bracing is such that the
mast is partially ‘“transparent,” the distribution of
currents in the mast and therefore the effect of the mast
on a near-by aerial is determined by the particular
configuration of the bracing. On the other hand, when
bracing is so complex that the mast can be regarded as
“solid,” no increase of bracing will modify the effects
caused by the mast. Measurements on a model mast
made of continuous metal sheet produced results which
differed little from those for cross-bracing with hori-
zontal bracing, indicating that the latter combination
may be considered as being effectively “solid.”

The Effect of a Rhombic Aerial in the Vicinity of the
Rhombic Test Aerial

Measurements were made in which a rhombic aerial
of side length 64, erected at a height of 1-12A and correctly
terminated at both ends, was in the vicinity of the test
aerial. The effect of this aerial was assessed for the
configurations shown in Fig. 13 and the measurements
were repeated with a smaller aerial of sidelength 3A.
The results are given in Table 2.

TABLE 2
Effect of Another Rhombic Aerial in Vicinity of Rhombic Aerial

Relative Distance Reduction in Signal Level
Position Between
of Aerials Centres Due to 6A Due to 34
(See Fig. 13) of Aerials Rhombic Rhombic
Wavelengths db db
13 2-5 0-5
a 15 1-75 0
20 0-75 0
10 15 0-25
12 1-5 —
b 15 1 0
18 0-5 0
c 8 0-5 0
10 0 0
10 1 0-75
d 15 0-75 0-5
20 0 0
e — — 0-75
8 1-5 —
9 0-75 —
10 05 —
11 0-25 —

The Effect of a Koomans Array in the Vicinity of the
Rhombic Test Aerial

For these tests a model of a horizontally-polarized
Koomans array, comprising two 4-element bays with a
detachable reflector curtain, was constructed. The array
was scaled to be resonant at the test frequency, and was
supported within a framework made of insulating
material which by itself produced no effect upon the
signal level at the observation aerial. Measurements
were made with the normally-energized curtain ter-
minated at the feed points, both with and without the
reflector curtain fitted to the array, using the configura-
tions shown in Fig. 14. The results given in Table 3 are
for the energized curtain facing towards the test rhombic
aerial; reversing the array, so that the reflector curtain
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FIG. 13—RELATIVE POSITIONS OF RHOMBIC AERIALS
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was towards the rhombic, caused the figures given to be
reduced by not more than 0-5 db.

TABLE 3
Effect of Koomans Array in Vicinity of Rhombic Aerial

Relative Distance Reduction in Signal Level
Positions Between
of Aerials Centres Due to Array | Due to Array
(See Fig. 14) of Aerials with Single with Double
Curtain Curtain
Wavelengths db db
9 1-25 2-75
a 12 1-25 3
15 1 25
20 05 2
b 9 — 0-5
12 — 0-25
6 0-75 2-5
9 0-5 2
c 12 0-5 1-5
15 0-25 1
20 0 05
d 6 — 0-75
9 — 0-25
e 9to 20 0 0
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The Effect of a Steel-frame Building in the Vicinity of the
Rhombic Test Aerial

A steel-frame building was simulated by means of a
five-sided box made of metal sheet. This is not an exact
representation but since, in the general case, a building
intercepts only the ground reflected ray from a rhombic
aerial, it was considered adequate for the present investi-
gations. Three sizes of box were used to simulate the
effects produced at a frequency of 20 Mc/s of buildings
having the dimensions quoted in Table 4. The values of
reduction of signal level shown in Table 4 were measured
with the building directly ahead of the aerial and with its
broadside face parallel to the minor axis of the aerial.
Distances were measured between the centre of the
rhombic aerial and the nearer face of the building.

TABLE 4
Effect of Steel-frame Building in Vicinity of Rhombic Aerial
"Reduction in Signal Level due to
Distance from Building of Dimensions given below
Centre of Aerial
to Near Face 75 ft long 150 ft long 300 ft long
of Building 50 ft wide 50 ft wide 50 ft wide
25 ft high 25 ft high 25 ft high
Wavelengths db db db
9 0-5 0-75 1
12 0-25 0-5 0-75
15 0 025 05

When a building was placed very close to, and to one
side of, the rhombic aerial there was some slight evidence
of distortion of the directivity characteristic. This effect
was not investigated further since it was observed only
with a spacing much closer than any likely to be en-
countered in practice.

SOME TYPICAL DEVELOPMENT AND SITING PROBLEMS
New Rugby Transmitting Station

When the new transmitting station at Rugby was being
planned it was proposed that a line of rhombic aerials be
erected about 3,000 ft east of the existing GBR aerial-
system. Such an arrangement, however, was open to the
objection that the masts and cage aerials of the GBR
aerial-system were liable to intercept transmissions from
the rhombic aerials directed to the west, particularly at
lower frequencies at which the spacing between the
rhombic aerials and the GBR aerial-system was about
20 wavelengths. Scale-model tests were carried out
therefore to determine the extent to which the perform-
ances of the rhombic aerials in their proposed positions
would be influenced by the presence of the existing
GBR agrial-system. Since the radiation from a rhombic
aerial is largely concentrated in a beam, which could be
intercepted by only a small part of the extensive GBR
aerial-system, the investigation was simplified to the
study of the effects of a single mast and a single cage
aerial on the performance of a rhombic aerial. A further
simplification was the use of a metal tube (of the appro-
priate dimensions) to simulate the mast; at the frequencies
of interest the effect of the tube would be so close to that
of a precisely-scaled model that the expense of construct-
ing the latter was not justified. On the other hand, the
stay wires were modelled fairly accurately because of
their wide lateral spread. The tests were carried out with
a rhombic aerial at a fixed height above the ground plane
and operated at a fixed frequency, and interception over



a range of angles was simulated by raising and lowering
the model mast and cage aerial.

The tests showed that the presence of the mast directly
in front of the rhombic aerial, and at distances of
between 20 and 100 wavelengths from it, had no signifi-
cant effect on the performance of the aerial. The
presence of the cage aerial affected the performance of
the rhombic aerial only when the cage actually inter-
cepted the beam of the rhombic aerial; grazing incidence
produced no measurable change. When the cage aerial
directly intercepted the beam and was at 90° to it the loss
of signal strength was 1-5db and 1-0db at distances
of 20 and 80 wavelengths respectively. When the cage
aerial was at 45° to the beam the loss was 0-5db at a
distance of 20 wavelengths.

Bearley Receiving Station

The Bearley Receiving Station was installed on the site
of a wartime aerodrome on the edge of which stood
several aircraft hangars. The aerial-system for the
station, which comprised a ring of 30 rhombic aerials,
was designed for reception of signals on any bearing
from 0° to 360° E of N, and so it was unavoidable that in
some cases a hangar would lie in the direction of a signal
being received. It was therefore essential, before the
aerials were erected, to know the expected loss of per-
formance of an aerial with a hangar directly ahead of it,
i.e. the aerial “firing” over the hangar.

The hangar, which was 250 ft long, 120 ft wide and
50 ft high, was composed of metal sheets supported on a
metal framework, and was readily simulated for model
tests by a sheet of tin-plate cut and bent to the appro-
priate shape and size. The model “hangar” was then
placed in front of a model rhombic aerial erected on the
test turntable and the resulting reduction in the response
of the aerial was observed. Measurements were made
with the hangar broadside to the aerial and also end-on,
with the hangar symmetrically disposed about the “line
of fire” of the aerial in each case. Table 5 shows some
typical results relating to a full-scale operational frequency
of 13 Mc/s. The distances quoted are measured from the
centre of the aerial to the leading edge of the hangar.

TABLE 5
Effect of “Firing” Over a Steel Hangar

Distance from Centre | Reduction in Signal Level due to Hangar
of Aerial to
Leading Edge of
Hangar Hangar Broadside-on | Hangar End-on
Wavelengths d db
9 4.5 2-75
11 3-5 2-5
i3 25 2-25
15 2:0 1-75
17 1-0 1-25
19 0-75 0-75

Direct-Pick-up Aerials on the London-Isle of Wight
Television Link

In the first London-Isle of Wight television link the
normal program transmission from Alexandra Palace
was received on a Yagi array supported on the 325 ft
mast at the Golden Pot repeater station. After the link
had been opened for service it was found that interference
from the Eiffel Tower transmission was experienced
during periods of abnormal propagation conditions,

despite the existence in the theoretical directivity charac-
teristic of the Yagi array of a deep null in the azimuthal
direction of the Eiffel Tower, and it was evident that the
directional properties of the array had been influenced by
the juxtaposition of the array and the mast. Scaled
models were used first to confirm that this was so, and
then to determine a position of the model array relative
to the model mast in which the distortion of the relevant
part of the directivity characteristic was minimized.The
full-size array was moved to the corresponding position
on the mast at the Golden Pot repeater station and the
rearrangement proved effective in considerably reducing
the level of the interference.

Unit Aerial for a Steerable Aerial-System

As part of a development project aimed at producing
a steerable aerial-system it was necessary to develop a
unit aerial with directivity and impedance characteristics
substantially uniform for all azimuths and for a wide
range of angles of elevation and of operational fre-

. quencies. Theory indicated that the form of aerial that

would provide the nearest approach to these charac-
teristics would be a cone-like structure, but it was
important to know the effect of varying various para-
meters in the interests of simplicity and economy of
construction. Accordingly, a number of models, scaled
to about 1 in 200 for operation at microwave frequencies,
were made and tested on the test turntable in order to
determine the relative merits of their directivity charac-
teristics. Those forms of aerial which were shown to be
satisfactory in this respect were then modelled at a scale
of 1 : 3 for field measurements to enable their impedance
characteristics to be studied.

USE OF THE MODEL EQUIPMENT FOR DEMONSTRATIONS

Apart from its value as a measuring instrument the
equipment has proved extremely useful for demon-
stration purposes. It has been used by the authors to
demonstrate how directional aerials are built up from
their constituent elements, i.e. from dipole elements in
the case of resonant aerials such as Koomans arrays, and
from long-wire elements in the case of travelling-wave
aerials such as rhombics. The effects of obstacles can
be demonstrated quickly and convincingly, including
such aspects as the dependence of the degree of absorp-
tion on polarization. In this way the equipment may be
employed as an educational aid.
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detection is necessary and, preferably, the detector
should be distortionless. The test equipment described
in this article incorporates v.f. detectors that can be
adjusted to operate without introdueing any significant
distortion, and includes arrangements to check their
adjustment. The complete signal generator and measur-
ing apparatus is shown in Fig. 1. The physical layout
was designed so that the front panel, containing the
display timing units, with their associated time selector
switches, the master selector switch and all other con-
trols, fits a standard panel on one of the test positions at
the London International Maintenance Centre.

MEASUREMENT OF 2 V.F. LINE SIGNALS

The line signals of the international 2 v.f. signalling
system are pulses of tones of 2,040 ¢/s (X tone) and
2,400c/s (Y tone). The tones may be transmitted
singly, as either long or short pulses (simple signals),
or together (compound signals). In addition, complex
signals consisting of a compound prefix followed by a
simple suffix (X or Y tone) are employed. The complex
signals have no intentional interval between the com-
pound prefix and the simple suffix, but should an
interval occur due, for example, to the change-over time
of relay contacts, the C.C.I.T.T. has specified that the
interval must not exceed 5 ms.

The signal measuring apparatus has therefore been
designed to measure the duration of the following
signals:

(i) A compound-signal element (2,040 + 2,400 c/s).

(it) A simple-signal element (2,040 or 2,400 c/s).

(iti) A silent interval following the receipt of a com-
pound-signal element.

A group of three decade counters operating from a
1 kc/s standard supply, and therefore capable of
measuring elapsed time directly in milliseconds, is
provided to measure and display the duration of received
signals. A v.f. receiver detects the line signals and
generates the necessary start/stop conditions, which are
applied to the appropriate counters via a sequence-
control unit, as shown in Fig. 2.
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FIG. 2—MEASUREMENT OF 2 V.F. LINE SIGNALS

The 2 v.f. Receiver and Sequence Control

The v f. signals appearing on the line are amplified and
detected by a conventional 2 v.f. receiver. Positive-
going signals, taken from the relay operating stages,
are connected to the sequence-control unit, which
provides output signals to indicate the presence, or
absence, of:

(i) A compound prefix.

(if) A space following a compound prefix.

(iii) A single-frequency suffix.

The suffix signal may be either X or Y tone and a lamp
indication is given to indicate the signal frequency.

A schematic diagram showing the logic of the 2 v.f.
detector and sequence control appears in Fig. 3. In the
idle condition the sequence-control unit maintains a
stop signal to each of the timing units. The presence of
a simple signal of X tone opens gate B or, if of tone Y,
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In the idle condition the invertor gives a positive output signal, With an input signal
(from gate A) the output is inverted

FIG. 3—THE 2 V.F. DETECTOR AND SEQUENCE CONTROL

opens gate C, to change the condition on the suffix
output lead to the start condition. When X and Y
frequencies are present simultaneously gate A is opened
and a start signal is connected to the prefix output lead;
at the same time the space trigger is set to prepare for the
timing of a silent period following the compound prefix.

The operation of the sequence control on the receipt
of a complex signal is as follows: gate A opens to the
compound signal, extending a start signal to the prefix
timer and setting the space trigger. Gate D is prevented
from opening at this stage by the inversion of the output
from gate A. When the compound tone ceases, gate A
closes aad gate D opens to extend a start signal to the
space timer. The arrival of the suffix signal opens either
gate B or gate C to re-set the space trigger, which in
turn closes gate D to terminate the start signal to the
space timer. The suffix-timing-unit start signal is ter-
minated when the suffix signal ceases.

Normally suffix signals do not persist sufficiently long
for the indicator lamps to identify the frequency of the
received signal and therefore memory triggers are usede
to retain the lamp indication.

Timing Units

The outputs from the sequence-control unit are con-
nected via a multi-bank selector switch to three separate
timing units. - A schematic diagram of one of the timing
units is shown in Fig. 4. Each timing unit has an input
gating stage and three decade counters, which are inter-
connected by pulse-transfer circuits. The decade counters
are cold-cathode selector tubes bearing the trade name
of Dekatron,? and timing is accomplished by counting
cycles of a standard 1 kc/s supply. The operation of
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FIG. 4—SCHEMATIC DIAGRAM OF A TIMING UNIT
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decade counting has been described elsewhere.? It should
be noted that in the present application, when the glow
steps off the ninth working cathode the negative-going
pulse so produced is inverted and used to strike a cold-
cathode coupling tube which generates a negative pulse
to step the next decade. The use of the departure of the
glow from the ninth cathode, instead of its arrival at the
tenth, or home cathode, as a signal for operating the
next decade results in a saving of transfer time.

Automatic re-setting of the timers may be accom-
plished either by making the home cathode more negative
than the remainder, or by raising the potential of
cathodes 1-9 relative to the home cathode; the latter
method is used in this timing equipment and is combined
with a manual re-setting device.

CHECK OF 2 V.F. DIGITS

The numerical signals and certain inter-register signals
of the international 2 v.f. system are sent in the form of
4-element combinations of X or Y frequencies, arranged
in binary code. Apart from the working limits for
frequency and level, which are closely controlled at the
transmitting terminal of an international circuit, the
most important requirement of the elements making up
the binary digits is that they should persist long enough
to be correctly recognized. The C.C.L.T.T. has specified
that the sending duration of the signal elements X or Y,
and the interval of silence between the signal elements,
shall be within the limits of 28-42 ms, while the recog-
nition time of the incoming switching equipment (after
detection by the v.f. receiver) shall be within the limits
of 5-15ms. The number of digits
transmitted over an international line
may be 16, although nine is more
probable; therefore, equipment required
to check and display each tone and
space element of each digit would be
costly and bulky. A technique has
been adopted for the digit check
to test whether or not each tone
and space element in a digit persists for a pre-
determined period. If a short element is detected the
checking process is stopped, and information is displayed
to indicate:

(i) The digit containing the faulty element (1st, 2nd,
3rd, etc.).

(if) The particular element concerned (1st, 2nd, 3rd
or 4th tone, or space).

(#if) The duration of the faulty element (in milliseconds).

As a further economy in equipment the three timing
units, suitably switched, have been utilized to perform
the digit check. Timing unit No. 1 has been arranged to
count the digits. Two decades of timing unit No. 2 have
been arranged to measure the duration of the tone
elements and to reset if the duration of the received
signal exceeds a predetermined duration. The actual
duration can be set between the limits of 1-99 ms by
selector switches associated with each timing unit. The
third decade of timing unit No. 2 has been arranged to
count the four tone elements comprising a digit and to
reset when the duration of the fourth element exceeds
the predetermined duration. In a similar manner
timing unit No. 3 has been arranged to measure and
count the silent intervals between the tone elements of
the digits.
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During the setting up of an international call the digits
are closely preceded by a terminal or transit seizure
signal, both of which are complex signals, and it is
necessary to ensure that the X or Y suffix portion of the
seizure signal is not treated as the first element of a digit.
Arrangements are therefore made to maintain the digit-
checking equipment inoperative until the seizure signal
has been recognized and accepted.

Summarizing, the sequence of operations of the digit-
check unit is:

(a) To absorb the seizure signal.

(b) To check that each tone or space element received
persists for a minimum predetermined period.

(c) To display the duration of an element that is less
than the predetermined minimum period.

(d) To indicate the digit containing the faulty element,
and the particular element concerned.

(e) To prevent further elements being accepted by the
equipment when a fault has been determined.

Consideration was given to the provision of an addi-
tional facility to enable the pre-selection of any element
of any digit, and to display the actual duration of this
element. Such a measurement, however, would not
assist the maintenance officer, for his main concern is to
ensure that the signals persist long enough to be recog-
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FIG. 5—LOGIC CIRCUIT FOR THE DIGIT CHECK



nized by the incoming or outgoing registers. The dura-
tion of the first tone, or space element, can be measured
by setting the minimum acceptance time to, say, 99 ms.

Circuit Logic of the Digit Check

A diagram illustrating the logic of the digit-check
unit is shown in Fig. 5. In the idle condition the decade
counters are set on the home positions and all triggers
are in the reset condition. Receipt of the suffix portion
of the seizure signal for a minimum period of 60 ms
sets trigger MA. At the end of the suffix signal gate B
opens to set trigger MB. As trigger ME is in the reset
condition, gate C opens and prepares the circuit for gate A
to open on receipt of the firsttone element of the first digit.

When the first tone element of the first digit is received,
gate A opens and extends a signal to gate E and to the
tone-element counting circuits, as well as setting trigger
MC. The tone-element counting dekatron display is,
therefore, moved to the first position to indicate receipt
of the first tone element, and with the dekatron display
at this position, a signal is extended to the digit counter
to register receipt of the first digit. At the same time
trigger MF is set to prepare gate D for receipt of the
first space element.

For the duration of the first tone element, gates A and
E remain open and the timing unit counts, at | ms
intervals, the positive-going pulses of the 1 kc/s supply.
When the two decade counters of the tone-timing unit
indicate the duration selected on the minimum-duration
selector switches, gate F opens and resets trigger MC to
prepare for automatic resetting of the timing unit at the
end of the tone element. A negative signal will then exist
at the output of gate A, which is inverted to a positive
signal to operate gate D. Timing of the space signal now
starts with trigger MD and gates M and L performing
the same functions for the space element as trigger MC
and gates E and F of the tone-checking circuit. The
positive signal from the invertor extended to gate D is
also extended to gates G and H. If the duration of the
received tone element was equal to, or exceeded, the
pre-selected minimum duration, gate G opens and
resets the timing unit. As each tone and space element
is received the tone and space element counters move
on one position. When four tone and four space elements
have been received gates R and N open, respectively, and
prepare circuits to reset the element counters to zero
when gates G and K open at the end of the fourth-tone
and fourth-space element, respectively. The digit
counter steps each time the tone-element counter has
recorded the first tone element of each digit received.

If the duration of the tone element is less than the
pre-selected minimum duration, trigger MC will be in
the set condition at the end of the tone period. Gate G
is thus prevented from opening and resetting the tone-
timing unit, and gate H is opened to set trigger ME and
reset trigger MF, via gate P. Timing of the space signal
is stopped by closing gate D from trigger MF, and the
timing of all subsequent tone elements is prevented by
closing gate C from trigger ME. The digit check is
therefore stopped and the display indicates that a tone-
element fault has octurred, the particular element being
displayed on the element-counting dekatron and the
digit containing the faulty element being displayed on the
digit-counting dekatrons. The duration of the faulty tone
element is displayed on the tone-timing dekatrons.

A similar sequence occurs if a space element is received
having a duration less than the pre-selected minimum.

MEASUREMENT OF 1 V.F. LINE SIGNALS

The line signals of the international 1 v.f. signalling
system are formed by using long or short pulses of tone.
These are used singly and, in addition, signals consisting
of two long, or two short, pulses of tone separated by a
short silent period are employed. The frequency of the
tone used is 2,280 ¢/s. To check the 1 v.f. line signals
the apparatus has been designed to measure the duration
of the following signals:

(i) First tone-signal element.

(i) Silent interval after receipt of the first tone element.

(iii) Second tone-signal element.

1 V.F. Detector and Sequence Control

A schematic diagram showing the logic of the 1 v.f.
detector and sequence-control units is shown in Fig. 6.

T0
—————— TIMING
UNIT Nel
70
5B
LINE o MANUAL UNIT No 2
2280 ¢/s RESEY
SECOND
[S TONE
ELEMENT
1 TRIGGER
?C )/
T0
TIMING
UNIT No.3

FIG. 6—THE 1 V.F. DETECTOR AND SEQUENCE CONTROL

The purpose of the sequence control is to apportion the
elements of a line signal to the appropriate timing units
in the correct sequence.

The v.f. signals appearing on the line are amplified
and detected by a conventional 1 v.f. receiver, and a
gating signal taken from the normal relay-operating
valve of the receiver is extended to the sequence-control
unit. Receipt of the first tone-signal element opens
gate A, which extends a start signal, via the master
selector switch, to the first timing unit and sets the
space trigger. Timing of the first tone-signal element
now commences. At the end of this tone-signal element
the start signal is disconnected from the first timing unit,
which now displays the duration of the first X signal,
and, at the same time, gate B is opened to connect a start
signal to the second timing unit. The signal extended to
the second timing unit starts the timing of the space-
signal element and sets the second tone-signal element
trigger. When the second tone-signal element is received
gate A is closed but gate C opens to extend a start signal
to the third timing unit. Timing of the second tone-
signal element now commences. The output of gate C
resets the space trigger, thereby closing gate B, which
terminates the space timing on timing unit No. 2.
Timing unit No. 2 therefore displays the duration of the
space signal. At the end of the second tone-signal
element gate C closes to stop timing unit No. 3, which
displays the duration of the second tone-signal element.
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The timing units used to measure the duration of the
first tone, space and second tone-signal elements are the
same units as previously used to measure the duration of
the 2 v.f. prefix, space and suffix signals.

VARTABLE-DURATION SIGNAL GENERATOR

Most of the line signals of the 2 v.f. and 1 v.f. signalling
systems may be considered as consisting of three elements,
tone-space-tone, and the particular signals are defined
by the duration of the three elements. For example,
150 ms of compound tone, followed by 1 ms silent
interval, followed by 100 ms of Y tone would indicate a
transit seizure signal; by changing the duration of the
third element to 350 ms, the complete signal would
indicate a forward transfer. To make the signal generator
suitable for all signals, equipment has been provided to
control the duration of three elements and, by suitable
switching, the frequency of each tone element can be
selected. In addition, an attenuator has been included
in the output circuit to permit the level of the signals
transmitted to be adjusted to meet the testing require-
ments. A schematic diagram of the signal-generator
unit is shown in Fig. 7. The three decade timing units
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FIG. 7—SCHEMATIC DIAGRAM OF SIGNAL-GENERATOR UNIT

previously used to measure the duration of the line
signals and to perform digit checking functions have
been re-used to control the duration of the three signal
elements. The start signals to timing units No. 1 and 3
are also connected to the compound-frequency or simple-
frequency static modulators as required, by means of
contacts of the master selector switch.
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To send a signal the master selector switch is set to
the 2 v.f. or 1 v.f. tone combination and the time-selector
switches associated with each timing unit are set to the
durations required. Depression of the start key sets
trigger MS, which in turn opens gate A. A start signal
is therefore applied to the selected static modulator and
transmission of the first tone element commences. The
same start condition is applied to timing unit No. 1.
When the selected duration of the first element set on
timing unit No. 1 has been reached, coincidence of the
three inputs to gate P occurs and a signal is connected
to gate B. This signal is inverted to close gate A, which
stops timing unit No. 1 and terminates the transmission
of the first tone element. With gate B open, timing unit
No. 2 starts to time the second element, which is a silent
interval. Coincidence of signals to gate Q closes gate B,
which terminates the second element and opens gate C to
start the timing of the third element. At the same time
the start signal from gate C is applied to the selected
static modulator to transmit tone to line. The third
element is terminated by coincidence of the inputs to
gate R, which closes gate C. After transmission of the
required signal the timing units indicate the durations
of the three elements transmitted.

When a simple 2 v.f,, or single 1 v.f,, signal is required,
the selector switches of timing units No. 1 and 2 are set
to zero and the duration of the simple signal is set up by
the time-selector switches associated with timing unit
No. 3. The operation is then as follows: gate P holds
gate A closed via invertor No. 1 and gate Q holds gate B
closed via invertor No. 2. Operation of trigger MS from
the start key opens gate C and the simple signal is timed.
The transmission of a 2 v.f. signal without a silent interval
is accomplished by setting the time selector switches of
timing unit No. 2 to zero.

The outputs of the 2 v.f. X and Y, and 1 v.f,, static
modulators are adjusted to provide an input of 0 db
relative to 1 mW to the attenuator, and the output of the
compound static modulator is adjusted to be 4 3 db.
With this arrangement the setting of the attenuator
indicates the level below zero at which the 2 v.f. suffix
and 1 v.f. signals are transmitted, the compound prefix
being transmitted 3 db higher than the suffix signal in the
international 2 v.f, system.

EQUIPMENT CHECKING FACILITIES
Timing Unit Check

The accuracy of the three timing units is a function of
the accuracy of the 1 ke/s supply, and for this equip-
ment the Post Office 1 kc/s primary standard of frequency,
accurate to one part in 108 has been used. To check
that the timing units are responding correctly to the 1 kc/s
pulses, the individual input gates for the three timing
units (see Fig. 4) may be connected together via the
master selector switch to a common gating signal. The
three timing units operate continuously until the gating
signal is disconnected, and if operating satisfactorily
they will display the same readings. It is possible to
use the timing-unit check circuit to time such items as
relays operating or releasing.

V.F. Receiver Distortion Check

The distortion introduced by a v.f. receiver suitable
for use with an international circuit is quite small over
the working range of level and frequency, +2 ms being
about average. Nevertheless, in view of the high standard



of accuracy specified by the C.C.I.T.T., it becomes a
a limiting factor on the overall performance of the timing
equipment. It is desirable that the performance of the
v.f. receiver with regard to sensitivity, band-width and
operate time, etc., should not differ from the receivers
used on the international circuit. With this proviso in
mind, the v.f. receivers associated with the timing equip-
ment have been modified to reduce the inherent dis-
tortion to a low level, and external controls have been
fitted to cancel out the remaining distortion. To set
these controls the sending and timing functions of the
equipment can be combined via contacts of the master
selector switch. Timing unit No. 1 is used to control the
duration of the test signal, and timing unit No. 3 is used
to measure the received signal. A schematic diagram
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FIG. 8—SCHEMATIC DIAGRAM OF CIRCUIT USED TO CHECK
DISTORTION OF V.F. RECEIVERS

of the distortion-checking circuit is shown in Fig. 8. If
the receivers are distortionless, the display of timing
units No. 1 and 3 should be the same. By changing the
setting of the time selector switches of timing unit No. 1,

the equipment can be checked over a range from very
short signals to long signals.

CONCLUSION

The calibrated signal generator and signal measuring
apparatus described in this article has been designed to
meet the recommendations of the C.C.I1.T.T. The use
of a single group of dekatron decade counters to display
the duration of the received line signals and 2 v.f. digits,
and to control the duration of the signals transmitted,
effects a considerable economy of equipment. Operating
procedure is simplified in that any of the above functions
may be selected by the operation of a single master
selector switch. The apparatus forms part of the equip-
ment provided at the International Maintenance Centre,
London, and will permit accurate measurement of
v.f. line signals and accurate generation of test signals.
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Book Review

“Telecommunications.” W. Fraser, B.Sc.(Eng.), AAM.I.LE.E.
Macdonald & Co., Ltd., London. 772 pp. 414 ill. 65s.

This is a comprehensive text book on telecommunications,
the main emphasis being on basic principles. It has been
written primarily for students reading for an engineering
degree or Higher National Certificate (Telecommunications),
and as a useful reference for I.LE.E. and City and Guilds
telecommunications examination work. The book is also
claimed to be of value to practising electrical engineers who
wish to work in the field of electrical communications.

About half the book is concerned with the basic theory of
telecommunications, and the remainder covers the basic
principles of telecommunication systems. The wide range
covered is indicated by the chapter headings: Network
Theorems; Resonant Circuits; Coupled Circuits and
Impedance Matching; Transmission Lines, Attenuators and
Filters; Valves and Electronic Devices; Low Frequency
Amplifiers; Distortion, Noise and Feedback in Amplifiers;
High-frequency Amplifiers; Oscillators; Power Supplies;
Modulation; Demodulation and Detection; Transmission
of Information; Microphones and Sound Reproducers;
Telephony; Telegraphy; High<frequency Transmission
Lines and Wave-guides; Ultra-high-frequency Valves;

Radio Wave Propagation and Aerials; Radio Transmission
Systems.

This is an extremely wide field in one volume. It does in
fact cover, in admirably condensed form, the subject matter
of a number of specialized text books covering the field,
together with material not yet available in present-day
text books. The author is to be congratulated in keeping
the requirements of students foremost in mind. He has
wisely not attempted to cover the subject matter with a
mass of detail. The book is well written, clear and concise
throughout and succeeds in its declared purpose of emphasi-
zing basic principles.

There are many worked examples throughout the text.
Each chapter ends with a selection of questions from
previous examinations in telecommunications set by the
University of London and the Institution of Electrical
Engineers, and a list of carefully selected references is
included for more detailed reading.

It is admittedly difficult to produce a book of this nature
with the requirements of both students and practising
engineers in mind. By virtue of its emphasis on the principles
and theory of telecommunications, the information being
presented in an easily assimilated manner, the book is
particularly suitable for students. The wide field covered,

(Continued on p. 187)
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A Boring Bit for Testing Wood Poles
R. O. BOOCOCK, B.c., AMIEE, and E. N. CLARK

U.D.C. 621.951:620.193:621.315.668.1

The methods used for testing wood poles are outlined and the
development and use of a boring bit for probing internal decay are
described.

INTRODUCTION

ECAY in Post Office polesl:?2 became increasingly
Dnoticeable some 12 to 15 years ago, owing largely
to the number of poles which were reaching the
end of their creosote-protected life. In 1946 the sys-
tematic testing of all poles over seven years old was
introduced?, though in the meantime the technique of
testing has changed somewhat in the light of experience.
External decay is usually readily visible and its area
and depth can be determined by prodding with a sharp-
edged tool, such as a thin sharpened screwdriver. When
the blade is pushed into good wood, in line with the
grain, there will be a characteristic gripping by the
parted fibres and this will tend to resist removal of the
tool; this does not occurinwood which haslost itsstrength.
Internal decay, which is almost as prevalent as
external, occurs most often in uncreosoted sapwood
and is discovered by listening for any change in tone
whilst tapping lightly round the pole with a 11b hammer.
This test normally gives the area of decay with fair
accuracy, especially when made by experienced hands.
In some circumstances the change of tone may be barely
noticeable. For example, if the outer shell of good wood
is an inch or two thick, if the area of decay is small or
if the decay is in its earlier stage of weakening the wood
by initial penctration of fungus spores, rather than the
wood having disintegrated and left a definite hollow. A
change of tone may be noticed in sound wood, due to
knots or other variations in the wood, or to cracks
(““shakes™) in the sap-wood and partial separation of
the sap-wood from the heart-wood. There are therefore
occasions, though only in a small proportion of poles,
when even the most experienced pole-tester feels the
need for something more than the hammer test to resolve
his doubts as to whether or not there is internal decay.
A timber-tester is needed to show him more positively
the internal condition of the pole.

All poles over seven years old are tested periodically,
at present six-yearly, including excavating to a foot below
ground level. Those found to be slightly decayed, but
not to the extent to warrant renewal, are scheduled for
rechecking every 12 to 18 months and, in view of the work
and travelling involved in this operation, it is obviously
desirable to be reasonably certain that decay has started
before scheduling a pole in this category.

As an additional and very important precaution, every
man, before climbing a pole in the course of his normal
construction or maintenance work, should test it by
tapping all round the pole, right down as near as possible
to the ground line, with not more than 1 in. spaces
between the taps.

t The authors are, respectively, Regional Engineer and
Executive Engineer, Home Counties Region.

! BRENT, W. H. The Telegraph Pole. I.P.O.E.E. Printed Paper
No. 154, 1934,

? GERRY, P. R. Decay in Poles. P.O.E.E.J., Vol. 40, p. 116,
Oct. 1947.
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HOLLOW-AUGER TIMBER-TESTER *

The type of tester hitherto available consists of a
hollow auger with a circular front cutting-edge which
leaves a sample of wood, about }in. diameter, in the
auger. When the auger has been inserted to the required
depth a thin concave steel extractor, serrated for a short
distance along each forward edge, is pushed through the
auger to grip and retain the sample section. The auger
is removed and the sample carefully withdrawn by the
extractor, with the concave side uppermost. A tightly
fitting creosoted plug is finally used to seal the hole in
the timber.

It is intended that a complete sample, to the extent
of the depth of auger insertion, should be obtained, any
decay being indicated by a gap or section of powdery
rot between the good portions. In practice, however,
this type of timber-tester is not sufficiently reliable; the
sample is so easily broken when inserting or withdrawing
the extractor that an incomplete sample may be obtained
or the good portions may be pushed together and
evidence of the extent of rot largely lost. Also, its
efficiency is very dependent on the auger and extractor
being in first-class mechanical condition, but the
extractor in particular is very liable to become bent.
These difficulties are so conducive to repeat borings
being made, with their weakening effect on the pole and
somewhat increased liability to decay, that it is very
doubtful whether the auger ought to be used as a normal
testing aid by pole-testing parties.

A NEW TIMBER-TESTER OR BORING BIT

In considering the problem it came to the authors’
notice that an ordinary gimlet was being used sometimes
by one pole-testing party when they were in particular
doubt about the presence of decay behind sound wood,
though this was found to be unreliable, unless the shell
was quite thin, due mainly to the good wood binding
tightly on the gimlet shank. The idea then occurred to
try a gimlet-type tool with the screwed portion enlarged
sufficiently to leave a hole slightly larger than the shank,
the soundness of the wood being judged by the force
needed to turn the tool.

To ensure that only the smallest hole would be made
in the pole, it followed that the gimlet-type head and
shank must be as small as the required strength of the
tool permitted. Early trials soon showed that a shank
fess than about } in. diameter was too easily bent or
twisted, especially where hard poles were concerned. It
was also necessary for the maximum diameter of the
base of the thread to be nearly 50 per cent more than
that of the shank, to permit the shank to follow through
freely. A number of different designs, especially in the
shape of the head and pitch of the thread, were tried
until the optimum dimensions were found. Fig. 1
illustrates the final result, the dimensions being 6 in.
overall length, % in. diameter shank (using higher-
strength steel), {5 in. maximum diameter of base of
thread, 10 threads/inch single cut and $in. length of
head. Measuring marks are scribed along the shank at
intervals of 4 in. The pear-shaped head incorporates a





















Automatic Switching for the Telex Service
A. E. T. FORSTER, AM.LEE.T

U.D.C. 621.394.65:621.394.34:621.394.74

Two automatic telex exchanges were opened in August of this

year as the first step in a program for the conversion of the telex

service to automatic switching. Area and zone switching centres

will be established and a national linked-numbering scheme

employed. The system, which will enable subscribers to dial inland
and international calls, is briefly deseribed in this article.

INTRODUCTION

HE opening, in August of this year, of automatic

I telex exchanges at London (Shoreditch) and Leeds
is the first step in a program for the conversion of

the telex service to automatic working. The significance
of this development is emphasized by the growing
importance of the rapidly expanding telex service,
particularly in the international field where already,
between the U.K. and some countries, the number of
telex calls exceeds the number of telephone calls. The
conversion program, which involves the installation
of the 23 exchanges shown on the map (Fig. 1), is
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In addition to the 23 exchanges shown there will be 27 hypoihetical exchanges,
forming part of the six zone-centre exchanges

FIG. 1—AUTOMATIC TELEX EXCHANGES IN THE INITIAL PROGRAM

expected to be completed in just over two years, and
aims at providing capacity for about 10,000 subscribers.

The new system will provide facilities not only for
subscriber-to-subscriber dialling within this country,

but also for subscriber dialling of most international
calls. However, the facilities for the automatic switching
of outgoing international traffic will not become available
until after the opening of the main London (Fleet)
exchange, scheduled for completion in late 1960.

The system is planned to serve 20,000 subscribers at
the end of 20 years but considerable further expansion
could be accommodated if the need arose.

SWITCHING SYSTEM

The design of the switching system has taken account
of the experience gained with the teleprinter automatic
switching (T.A.S.) system* which was introduced shortly
after the war for the inland telegraph service. The T.A.S.
system, which uses dial selection with 2000-type selectors,
has given very satisfactory service, and, in view of this,
a basically similar switching system using dial selection
with the 2000-type selector has also been chosen for the
telex service. For the inland telex service, registers will
not be used, apart from the limited use of the routing
translators described below.

TRUNK NETWORK

The trunk network will be based on six fully inter-
connected zone exchanges located at London, Bristol,
Birmingham, Manchester, Leeds and Glasgow. Area
exchanges will be established where justified by the
concentration of subscribers and will be connected by
trunk routes to the parent zone centre and to other
exchanges to which direct trunk routes are justified by
traffic.

NUMBERING PLAN

To cater for incoming international traffic, a national
linked-numbering scheme is being adopted; generally
5-digit numbers will bé used although exceptionally
4-digit and 6-digit numbers will be employed. The first
two digits will identify the charging area (there are 50,
each corresponding, roughly, to a Telephone Manager’s
Area) and the remaining digits will indicate the final-
selector-multiple number. In the early stages of develop-
ment some charging areas will have insufficient sub-
scribers to justify an area exchange. In such cases
hypothetical exchanges will be included in the numbering
scheme and service provided from a zone switching
centre.

Each zone will be allotted a characteristic initial digit
and the trunking will be arranged so that a subscriber
connected directly to a zone switching centre can reach
all subscribers on the network by dialling the directory
number only. Subscribers connected to area exchanges
will be provided with a simple code list showing those
subscribers who may be called, via the parent zone
switching centre, by prefixing the directory number with

1 Senior Executive Engineer, Telegraph Branch, E.-in-C.’s
Office.

* WiLcocksoN, H. E., and MrrcaeLL, C. W. A. The Intro-
duction of Automatic Switching to the Inland Teleprinter
Network. ILP.O.E.E. Printed Paper No. 195, 1949,
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By means of a switch on the V.F.A. Panel the moni-
tored voltage of each valve connected to the panel may
be measured in turn on a meter, thus providing a routine
check of the emission of each valve. The meter circuit
on the panel may also be used for measuring miscell-
aneous voltages, including the input and output voltages
of power panels.

The V.F.A. Panel is always mounted at eye level and,
because of its central position, a warning notice drawing
attention to the existence of high voltages on the rack-
side is associated with it.

DISTRIBUTION FRAMES

The basic distribution framework consists of a 9 ft
frame occupying a space equal to two 51-type rack-sides
fitted back to back. Front and rear of the frame are
equipped with a number of connexion panels for ter-
minating cables and also to provide a level-test socket
at each end of a jumper. At the foot of the front and
the rear of the frame a mains socket is provided similar
to that on an equipment rack-side.

The basic framework serves for the high-frequency
repeater distribution frame (H.F.R.D.F.), group dis-
tribution frame (G.D.F.), supergroup distribution
frame (S.D.F.) and combined H.F.R.D.F.-G.D.F., the
only difference being in the types of connexion panel
fitted.

CONCLUSIONS
SI-type construction has certain advantages compared
with pre-S1-type but it cannot be considered an ideal
form of construction in all respects. Although it has

been adopted as a new standard, it is not necessarily the
only new standard that may be introduced. Now that a
considerable quantity of Sl-type equipment has beer
produced and installed a clearer picture of the com-
parison between the old and new forms of construction
is emerging and the extent of its use in the future will
depend upon economic considerations.

A modified form of 51-type construction that reduces
the minimum size of a readily replaceable unit from a
2-unit panel to a small unit that can plug into horizontal
frames mounted on the main rack-framework has been
adopted for certain equipments. ;

Basically the problem presented by new equipment
with improved space utilization, particularly using
transistors with their low-power dissipation, is to
develop a form of construction where the equipment is
not a rack-side but a small part of one. There would
have to be facilities for cabling to portions of a rack-
side. The complete framework could then cater for a
number of differing functions and equipment could be
mounted and cabled as the circuit demands dictated.

There are many requirements, such as power supply
arrangements or safety precautions, that are common to
all types of construction, and it is likely that there could
be several compatible forms of construction that would
go some way to meeting the new problems presented
before an ideal solution is found.
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Book Review

“Electronic Designers’ Handbook.” R. W. Landee,
Donovan C. Davis and Albert P. Albrecht. McGraw-
Hill Publishing Co., Ltd. 1,040 pp. 982ill. 128s.

Designers’ handbooks are often viewed with suspicion
by the designers for whose benefit they are written. If the
book is largely a collection of facts and tabulated informa-
tion, such as, for example, the sizes and properties of
standard sections of steel joists, part of the information it
contains is likely to be repetitive of earlier works, because
the author naturally tries to cover his subject compre-
hensively. Much of the information in any new engineers’
reference book is therefore liable to be already as much
part of the office equipment as is the slide rule.

If, on the other hand, a reference book is a compendium
of general theoretical work, outlines of mathematical
analyses, formulae and so forth, the average designer is
unlikely to find much use for it, because he still has to twist
the general theoretical answers to fit his own specific
practical cases. He prefers specialist books giving more
detail. Electronic designers, moreover, tend to work on
devices so recent in conception that writers of handbooks
have not “‘caught up with them.” So we are faced with the
situation that older engineering reference books tend to
collect dust on the bookshelf, while new ones, at their
present high prices, may well be insufficiently attractive
to be worth the outlay. But it must be admitted that the
“Electronic Designers’ Handbook” is a magnificent work
(which it should be at the price) and that it is written with
a real conception of what an engineer employed on the
design of electronic circuits is likely to need.

One good feature of the book is that typical examples of
practical designs are included at intervals in the text, and
these are fully worked out, right down to component values
or wire gauges. Even if the reader finds that the example in
his subject is remotely different from the problem he is
seeking to solve, there is a strong chance that the illus-
tration will be sufficient to give him the inspiration needed
to solve his own exceptional case.

The book is written by three practising engineers, all
working in industrial concerns in the U.S.A. They have
divided the work into 23 sections, each covering one aspect
of electronics. Here, for example, are a few of the section
headings—Vacuum Tubes and Transistors, Voltage Ampli-
fiers, Modulating Oscillators, Receivers, Multivibrators,
Variable Delay Circuits, Trigger Circuits, Transformers and
Chokes, Principles of Feedback, Computers and Servo-
mechanisms, Network Analysis. Each section is as up-to-
date as can be expected (1957 is the date given in the book)
and the technique it represents is carried to an advanced
stage. Advanced mathematical treatments are included
where they seem necessary—as in the section on network
analysis=—but in such cases the reader is, on the whole,
expected to accept the results without being given more than
an outline of how they can be derived. There is a wealth
of practical data in the book, and the engineer can expect
to find all the information needed for the design of most
types of valves and transistor circuits.

The volume is excellently produced and is bound robustly,
with a dignified type of finish. It would be a suitable selec-
tion as a university prize or premium award. Otherwise, in
view of the price, it is likely to be bought only for reference
libraries. C.F. F.
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Radio Interference
Part 5—Industrial, Scientific and Medical Apparatus and Radiating Receivers
C. W. SOWTON, B.Sc.(Eng), AMIEE., and G. A. C. R. BRITTON, AMIEE.f

U.D.C. 621.396.82

Parts 1 and 2 of this article introduced the subject of radio inter-
ference and described the Post Office radio interference service.
Part 3 considered how the interference is generated and propagated
and dealt with methods of suppression. Part 4 outlined the general
principles and technical requirements of radio interference
measuring equipment. Part 5 deals with the special case of radio
interference caused by industrial, scientific and medical appar-
atus, and by radio receivers. A further article will deal with the
control of radio interference.

INTRODUCTION

OST radio interference comes from electrical
Mapparatus such as commutator-type electric

motors, switch contacts, etc.,, whose normal
functioning does not require the generation of radio-
frequency energy. Radio-frequency (r.f.) energy is,
however, generated fortuitously by sudden changes of
current in the electrical circuits of such apparatus.
This energy is normally spread, more or less uniformly,
over a wide band of frequencies and is commonly referred
to as “radio noise.”

There are, however, many types of apparatus in which
the generation, but not the radiation, of r.f. energy is
essential to its normal functioning. The r.f. energy
radiated is usually on a specific frequency, or confined
to a narrow band, together with harmonics of that
frequency. There are two main groups of such apparatus
that cause radio interference:—

(a) industrial, scientific and medical (i.s.m.) apparatus

and

(b) radio receivers,
and these are considered separately in the article.

1.S.M. APPARATUS

I.S.M. apparatus is apparatus which generates r.f.
energy for industrial, scientific and medical applications,
well-known examples being r.f. heaters used for welding
seams in plastic sheet, cyclotrons, and medical diathermy
apparatus used for heating the human body internally.
Most i.s.m. apparatus uses valve generators employing
tuned circuits, and consequently the energy generated
is not broadband in character, but is concentrated at
one or more frequencies, the fundamental and its
harmonics, plus, perhaps, spurious frequencies. Because
of this, radio interference may, in principle, be avoided
or minimized in the following ways:

(a) by careful choice of working frequency so that
neither the fundamental frequency nor the harmonics
coincide with frequencies used by radio-communication
or other radio services in the vicinity;

(b) by the choice of a fundamental frequency not used
by radio services in the vicinity, the radio-frequency
output leads of the generator (and the mains input leads)
being filtered to minimize the radiation of harmonic
frequencies;

(¢) by screening of the whole apparatus to reduce
radiation of both fundamental and harmonic frequencies.

t The authors are, respectively, Assistant Staff Engineer and
Senior Executive Engineer, Inland Radio Planning and Provision
Branch, E.-in-C.’s Office.
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The first internationally co-ordinated steps to make
specific provision for i.s.m. apparatus in the radio
spectrum were taken at the Ordinary Administrative
Radio Conference at Atlantic City, U.S.A., in 1947,
when several frequency bands were allocated for i.s.m.
use. It was agreed that, within these bands, i.s.m.
apparatus could radiate freely and that other radio
services would have to accept any harmful interference
resulting from the operation of i.s.m. apparatus. The
frequencies allocated were:

13-56 Mc/s + 005 per cent

27-12 Mc/s + 0-6 per cent

40-68 Mc/s 4- 0-05 per cent

2,445 Mc/s £ 50 Mc/s

5,850 Mc/s + 75 Mc/s
These frequencies and tolerances have been incorporated
in the regulations of several countries. In the United
Kingdom, where legislation is not usually embarked
upon except when the need is amply clear and when it
has been demonstrated that it would not involve undue
hardship, progress has been slower. Under powers
conferred on him by the Wireless Telegraphy Act, 1949,
the Postmaster-General has appointed an Advisory
Committee charged with recommending to him what
regulations, if any, should be made by him under the
Act to control radio interference caused by i.s.m.
apparatus. The matter is therefore still being considered,
and in this article care has been taken not to anticipate
the findings of the Advisory Committee.

MEDICAL APPARATUS

For general diathermy treatment the frequencies
27-12 and 40-68 Mc/s are usable. However, in the
United Kingdom, television Band I (41-68 Mc/s) is so
close to 40-68 Mc/s that television receivers of com-
mercial standard, when tuned to Channel 1 (41-46 Mc/s),
will not reject this frequency, and its use for i.s.m.
applications in this country cannot be approved. A
frequency of 27-12 Mc/s, though perhaps not quite
optimum for all medical applications, has been found
generally acceptable by the medical profession. It also
has the advantage of a greater frequency tolerance
(06 per cent, as against + 0-05 per cent allowed for
40-68 Mc/s). This permits the use of a well-designed
oscillator without the cost and complexity of crystal
control, and tests made by the Post Office on prototype
sets produced by electro-medical manufacturers have
shown that the required frequency stability can be
achieved. Subject to this requirement, there need be no
limitation on the magnitude of the field radiated at the
fundamental (“working”) frequency.

Radiation at the harmonic frequencies of 27-12 Mc/s
must, however, be limited since these harmonics fall in
frequency bands used by various radio services, par-
ticularly television services in Bands I and III. The
harmonic radiation occurs in discrete frequency bands
and for valve-energized diathermy apparatus is in the
nature of a c.w. or m.c.w. signal. The degree of inter-
ference to television will depend to a large degree on where



the harmonic frequency falls in the television channel
under consideration. Fig. 23, based on C.C.LR.
(London) 1953, Report No. 34 illustrates the ratio
of telev1s1on-s1gnal/mterfer1ng—cw -signal that may be
considered as tolerable, and shows the location of the
second harmonic of 2712 Mc/s in television Channel 3.
It will be seen that as the harmonic is about 2-5 Mc/s
below from the vision carrier frequency, a signal/inter-
ference ratio of 20 db is adequate, though 45 db would
be required at the vision carrier frequency.
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FIG. 23—MINIMUM REQUIRED SIGNAL/INTERFERENCE RATIO FOR
BRITISH TELEVISION SYSTEM

As another example, the seventh harmonic of
27-120 Mc/s is 189:840 Mc/s, or 188-701 to 190-979 Mc/s
allowing for the frequency tolerance. This harmonic
can, therefore, occur at precisely the vision carrier
frequency (189-75 Mc/s) of television Channel 8, and a
signal/interference ratio of 45 db is required. If apparatus
is not designed to work on an approved “free radiation”
frequency, it would be necessary to allow for the worst
circumstances, i.e. fundamental or harmonic radiation
occurring precisely at a vision carrier frequency, and a
45 db signal/interference ratio would be required.

The human-patient load of a medical diathermy set
is not usually in a screened enclosure and it can, therefore,
radiate freely at the fundamental and harmonic fre-
quencies. As the r.f. output power at the fundamental
frequency may be of the order of 200 to 300 watts, the
difficulty, indeed the impossibility, of restricting the field
strength of the radiation to an acceptable level at this
frequency is clear. The advantages of using a free
radiation fundamental frequency are thus:

(i) There is no restriction on radiation at the funda-
mental frequency.

(ii) The limitation of harmonic radiation may be
relaxed very considerably for some harmonics, thus
easing the design problem.

Both medical users and manufacturers have accepted
the principle of using the free radiation frequency of
27-12 Mc/s with harmonic attenuation. A block
schematic diagram of a diathermy set, showing the anti-
interference precautions taken, is given in Fig. 24. A
number of commercially produced prototypes have been
tested by the Post Office and radiation measurements on
a typical set are given in Table 7. Measurements on an

ACIN I MAINS SUrpLY
MAINS} ¢ —JFILTER At

SCREENING CABINET FA‘(ADAY SCREEN

FIG. 24—MEDICAL DIATHERMY APPARATUS SHOWING
INTERFERENCE-SUPPRESSION FEATURES

old-type set are also given; they show the very consider-
able reduction in harmonic radiation obtained with the
up-to-date design.
TABLE 7
Radiation from Medical Diathermy Set

Field-strength of harmonics (db rzlative to 1 uV/m at a distance of 10 metres)

Iste.
T2eof \tundamentall 2nd | 3ra | 4th | Sth | 6th | 7eh $th
frequency) .
Old-type Not Not
set +117 +88 | +89 | 89 | —83 | 4-88 |measured | measured
(36 Mc/s)
Modern set Not
(27-12Mc/s) | measured | +43 | +16 | +36 | L47 | +29 +33 -39

INDUSTRIAL APPARATUS

As previously mentioned, apparatus having spark-gap
r.f. generators is now little used, the only example at all
prominent as a cause of radio interference being the
“argon-arc”’ welder, in which non-ferrous metals are
welded with a 50 ¢/s arc in an atmosphere of inert gas
(argon). Radio-frequency energy is superposed on the
output circuit to initiate the arc and to enable it to be
re-struck at each zero in the voltage cycle of the power
frequency. This permits the use of a 50 ¢/s voltage low
enough to be “safe” for the operator, and it effects a
worth-while saving in the cost of the mains transformer.
The general circuit arrangement is given in Fig. 25.

R.F TRANSFORMER
CHOKE (AIR CORED)

AC
MAINS LIVE ELECTRODE
o IR e

_EARTH RETURN __

: 120 AMP CABLES
R F BYPASS TER Ll
T CAPACITOR (WATER Co0LED)

FIG 25--ARGON-ARC WELDER

The interference-level/frequency curve is relatively flat
over the frequency band 150 kc/s to 216 Mc/s, and the
output circuit, including the trailing cables and load, is
physically large In consequence, interference covering a
wide frequency-range is radiated effectively. The design
is such that little or nothing can be done to reduce the
interference potentialities without fundamental change.
An argon-arc welder which can limit the use of r.f.
energy to arc inception has been developed,* and its use
should reduce very considerably the time during which
interference is caused. Alternatively, a valve oscillator
working on a “free-radiation” frequency could probably

* British Patent No. 705164.
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be used, but so far this has not proved to be
commercially attractive.

The bulk of industrial r.f. apparatus uses valve
generators and covers a very wide field of applications;
for example, melting, heating, hardening, tempering,
hard soldering, soft soldering and welding of metals;
drying, gluing, vulcanizing, seasoning, welding of non-
metals; sterilizing or preparing of foodstuffs, etc. For
these purposes a wide range of powers and frequencies
is in use. The methods of minimizing radio interference
have already been mentioned in principle, but several
features peculiar to industrial use have to be taken into
special consideration:

(a) The rf. energy used may be high—as much as
10 kW is commonly used. Any methods of interference-
suppression should not greatly reduce the output power
at the fundamental frequency, and filters have to be
designed to handle this power.

(b) Any screening should not impede the normal
working process.

(¢) The output-circuit leads and the “work™ may be
physically large. This not only leads to considerable
radiation, but also has a bearing on the usable frequency.

Industrial heaters of most concern as causes of radio
interference are those used with non-metallic loads.
The load, or “work,” forms the diclectric between
metallic electrodes connected to the generator. Since
the heat generated is proportional to the dielectric loss,
the higher the frequency, the greater the heat produced.
However, if the frequency is made so high that the
dimensions of the electrodes and “work™ become a
significant fraction of a wavelength, the standing waves
produced lead to unequal distribution of current in the
load, and uneven heating. Another factor to be con-
sidered is that the frequency chosen should not be such
that the required heating current can only be obtained
by applying a voltage high enough to puncture the load,
e.g. when welding plastic sheeting. The optimum
frequency is something of a compromise, and the free
radiation frequencies so far assigned are not adequate
for all purposes.

A large series of measurements of the radiation set up
by industrial r.f. heaters on an open test-site, and also
on actual factory installations, is now in hand by the
Electrical Research Association and the Inland Radio
PlanningandProvision Branch of the Post Office Engineer-
ing Department. The data obtained will be made available
to the Postmaster-General’s Advisory Committee,

TABLE 8

Measurements of Radiation from Typical Industrial R.F.
Apparatus

Field-strength of harmonics (db relative to 1 £V/m at a distance of 10 metres)

Type of Nominal 1st G.e.
Apparatus | Frequency| funda- 2nd 3rd 4th Sth 6th
Mc/s) mental)

3 kW wood Not Not Not

gluer 90 measured | measured | measured | +75 |+100 | +73
3 kW wood Not Not Not

gluer after 90 measured | measured | measured | +25 | -+31 [ +35
experimental

modification

Plastic pre- 270 + 60 +37 +35 +38 | +34 | +56
heater

Plastic welder 364 +123 +81 +82 ; +78 | +78 | +72
Argon-arc

welder for None Radiation level varies between +42db and 69 dt
non-ferrous over frequency range 0 21-60 Mc/s,

metals
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previously mentioned, and also to the International
Special Committee on Radio Interference (C.I1.S.P.R.),
which is considering the same problems.

A few measurements of the radiation set up by indus-
trial r.f. apparatus are given in Table 8.

RADIO RECEIVERS

Of primary interest are receivers used for broadcast
reception, including:

(i) Receivers for amplitude-modulated (a.m.) sound-
broadcast reception in the frequency bands 150-285 kc/s
and 525-1,605 kc/s.

(i) Receivers for frequency-modulated (f.m.) sound-
broadcast reception in the frequency band 87-5-100 Mc/s
(Band II).

(iii) Receivers for television reception in the frequency
bands 41-68 Mc/s and 174-216 Mc/s (Bands I and III).

Receivers in groups (i) and (ii) can radiate r.f. energy
at the frequency of the frequency-changing oscillator
and its harmonics, and at the intermediate frequency
and its harmonics. Receivers in group (iii) can radiate
at the fundamental and harmonic frequencies of the
frequency-changing oscillator and at the intermediate
frequency, and in addition at the fundamental and
harmonic frequencies of the line and frame time-base
oscillators. There is only space here to touch on two
main types of receiver radiation, i.e.:

(a) line time-base radiation from television receivers,
affecting long-wave and medium-wave a.m. reception;

(b) radiation from frequency-changing oscillators of
television and f.m. receivers.

Although the line time-base frequency used in the
British television system is only 10,125 c/s, the sawtooth
waveform and the several watts of scanning power
necessarily used result in the generation of high-order
harmonics of sufficient amplitude to cause interference
to a.m. sound broadcasting in the “long” and “medium”
wavebands. Complaints of this type of interference grew
quickly with the rapid post-war expansion of the tele-
vision service and reached serious proportions from
1951/1952 onwards. This was clearly an interference
problem to be solved primarily by the radio industry, and
the British Radio Equipment Manufacturers’ Association
(B.R.E.M.A.) started research to determine methods
of measuring time-base radiation from receivers and the
acceptable limits of such radiation. It is convenient to
make measurements of radiation at a short distance
where the measuring aerial is well within the induction
field, and B.R.E.M.A. decided to measure both the
electric and magnetic components of the field and, in
addition, the r.f. voltage fed back into the public supply
mains. Fig. 26 shows the arrangements for measuring

TELEVISION
RECEIVER

WOODEN TABLE
2FT 61N HIGH

EARTH PLATE OR WIRE NETUNG I5FT X 3FT

IMEASURING |-
SET

FIG. 26—MEASUREMENT OF TIME-BASE RADIATION



the electric component of the field. The limits within the
range 150-1,605 kc/s to which the radio industry has been
urged by its own association to work are:

(i) Electric field. The voltage produced in the 1-metre
test aerial shall not exceed 100 V.

(ii) Magnetic field. The voltage produced at the
terminals of a loop aerial shall not exceed the value
which would be produced when the loop aerial is in a
field of 400 nV/m.

(iii) Terminal voltage measured across the standard
artificial mains impedance of 150 ohms shall be 200 V
within the frequency range 150-550 kc/s and 100V
within the frequency range 550-1,605 kc/s.

That the limits are realistic and that manufacturers
have made a real effort to conform to them is strongly
supported by the fact that the annual totals of complaints
of time-base interference have steadily fallen from the
record figure of 7,849 in 1953 to 3,658 in 1957. The
B.R.E.M.A. limits and method of test have been accepted
for incorporation in the next revision of B.S.905,* and
the method of test has formed the basis of an inter-
nationally agreed method of measurement which will be
incorporated in an International Electro-technical Com-
mission (I.LE.C.) publication.

Radiation from local oscillators of receivers is not, as
yet, unduly troublesome, but could well become so with
further exploitation of the v.h.f. broadcasting bands.
The desirability of tackling the problem in advance has
been fully appreciated, and considerable work has been
carried out nationally and internationally to this end.
Initially, B.R.E.M.A. evolved a method of test in which
each method of propagating interference was assessed
separately:

(a) Voltage fed back into the supply mains.

(b) Radiation from the aerial—assessed by measuring
the interference voltage present at the aerial connector
of the set.

(¢) Radiation from the chassis measured at a distance
of 10 metres.

However, the desirability of international standardiza-
tion was kept to the fore. When it became clear to the
LE.C. committee studying the matter that opinion was
hardening in favour of a single overall measurement of
the radiation from a receiver and its aerial, the United
Kingdom co-operated with other countries in the
evolution of an arbitrary test arrangement for measuring
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FIG 27—-MEASUREMENT OF OSCILLATOR RADIATION AT V.H.F.

overall radiation at a distance of 3 metres (see Fig. 27).

A number of factors have to be taken into account in
devising the method of test. The field imposed on the
measuring aerial has four components, produced by the
direct and ground-reflected rays arising from the aerial
of the receiver under test, and the direct and ground-
reflected rays arriving from the chassis (see Fig. 28).

RADIATING MEASURING
AERIAL AERIAL
DIRECT RAY (AERIAL) /
DIRECT RAY,
(CHASSIS,
GROUND-
REFLECTED
(CNRAASYSI
—[RECEIVER | |FIELD-STRENGTH
GROUND -REFLECTED  |MEASURING SET
RAY (AERIAL)
777 4 777 7 Sl LS

FIG. 28— COMBINATION OF DIRECT AND GROUND-REFLECTED RAYS

The way in which the four components add to produce
the resultant field at the measuring aerial depends on
(a) the differences between the four path-lengths, and
(b) the reflection coefficients and phase changes
experienced by the two ground-reflected rays.

Factors (b) are different for the vertically-polarized
and horizontally-polarized components, which are
measured separately. From the interference point of
siew only the maximum possible value of the resultant
field is of interest. This is ascertained by moving the
measuring aerial over a vertical search range sufficient to
encounter at least one maximum.

The suitability of a proposed test site is assessed by
plotting a “site attenuation curve,” which must conform
fairly closely to a prescribed curve, the latter being based
on both calculations and experimental data. To plot
the site-attenuation curve, the apparatus is disposed as
shown in Fig. 27, the receiver being replaced, however,
by a standard signal-generator, the output of which is
connected to the feeder via an impedance-matching
balun.] The site attenuation is expressed in terms of the
r.f. power input to the radiating dipole required to
produce a field strength of 100 pV/m at the aerial of the
field-strength meter.

The method of test outlined has been accepted by
most countries. It is to be incorporated in the LE.C.
document and British Standard referred to earlier. The
limits evolved by B.R.E.M.A. for their original method
of test have been converted into equivalent figures for the
3.metre I.LE.C. method of test, and all members of
B.R.E.ML.A. have been asked to conform to the limits.
It is expected that the same limits will be specified in
B.S. 905 when it is next revised.

(To be continued)

*B.S. 905: 1940. Interference Characteristics of Radio Receivers
(British Standards Institution).

# Balun—a device that acts as a transformer between balanced
and unbalanced impedances at high frequencies.
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The Principles of Negative-Impedance Convertors
and the Development of a Negative-Impedance 2-wire Repeater

D. TURNER, B.Sc.(Eng), AM.LE.E., and T. B. M. NEILL, B.Sc., AM.LEE.}

U.D.C. 621.395.64.011.212

The principles of the negative-impedance convertor are outlined

and applied to the design of negative-impedance 2-wire repeaters.

The limitations in use of a 2-wire 2-terminal repeater are discussed,

followed by a description of the design and performance of a

2-wire 4-terminal repeater. Some results of a field trial of the
4-terminal repeater are also given.

INTRODUCTION

EPEATERS having one or two amplifying
Relements* capable of providing transmission gain

in both directions in a 2-wire circuit have been
known for many years.® In addition, the concept of a
negative impedance and its application to a 2-wire
repeater were described in 1931 by Crisson.2 However,
the difficulties of operating 2-wire repeatered circuits
satisfactorily compared with 4-wire amplified circuits
resulted in the latter being brought into widespread use
despite the additional pair of wires required; the
development of 2-wire repeaters attracted little further
interest until about 1945. In the post-war years it
became clear that substantial capital savings could be
made by the conversion of existing 4-wire routes to 2-wire
working in cases where additional cables would other-
wise be required. Such considerations revived interest
in the development of 2-wire repeaters and, in particular,
in negative-impedance 2-wire repeaters, notably in the
U.S.A. where great progress has been made in their
design, manufacture and installation. These develop-
ments have been described by Merrill, Linvill and
others.34:5% 1In this country, at this time of restriction
of capital expenditure, particular emphasis is given to
the need for reintroducing the 2-wire repeater and two
such repeaters have been developed by the Post Office.
One is of the conventional 22 type*; the other is a
negative-impedance repeater using transistors and is
described in this article. For both types the principal
application envisaged is the provision of a single
repeater in circuits not longer than 30 miles routed on
20 Ib/mile P.C.Q.T. cable with standard loading (88 mH
coils at 2,000 yd intervals).

PRINCIPLES OF NEGATIVE-IMPEDANCE CONVERTORS
Properties of Negative Impedances

Networks composed entirely of resistors, inductors
and capacitors, which are termed “passive” since they
contain no source of power, present impedances whose
resistive components are always positive. Impedances
whose resistive components are negative over a limited
frequency-band, called “negative impedances” for
brevity, can, however, be realized with the aid of active
networks, containing valves or transistors as sources of
power.

Combinations of passive impedances are always
““stable,” in the sense that any transients that may occur

t The authors are, respectively, Senior Executive Engineer and
Executive Engineer, Post Office Research Station.

* Conventional repeaters capable of providing gain in both
directions of a 2-wire circuit with one or two amplifying elements
are sometimes referred to as 21-type and 22-type repeaters,
respectively.
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decrease in magnitude with time, and there can be no
sustained or increasing oscillation. On the contrary,
the use of negative impedances involves the possibility
of instability, depending not only on the nature and
value of the negative impedance but also on the value of
the passive impedance presented by the circuit to which
it is connected. From this point of view, negative
impedances are divided into two classes, “open-circuit-
stable” and “short-circuit-stable.” In addition to the
obvious implications of these terms, the two classes have
the following properties:

(a) If an open-circuit-stable negative impedance
Zn = Ru + jXu is connected to a passive impedance
Zp = Rp + jXp, asuflicient condition for stability is that,
at all frequencies,

Ry + Rp >0
i.e. the resistance of the series combination should be
positive.

(b) For a short-circuit-stable negative impedance,
however, a similar condition applies in terms of
admittance. If a short-circuit-stable negative admittance
Yn = Gu + }Br is connected to a passive admittance
Yy = Gp + jBp, a sufficient condition for stability is that

Gn + Gp > 0

i.e. the conductance of the parallel combination should
be positive.

To illustrate these points, suppose that a negative
resistance, of 1,000 ohms, is to be used in a resistive
circuit. This negative resistance can be realized in either
the open-circuit-stable or the short-circuit-stable form,
and the choice between the two depends on the value
of the positive resistance presented by the circuit at the
point where the negative resistance is to be connected.
An open-circuit-stable negative resistance of 1,000 ohms
will be stable when connected to positive resistances
greater than 1,000 ohms, but a short-circuit-stable
negative resistance of the same value will be stable
when connected to positive conductances greater than
0-001 mho, i.e. positive resistances less than 1,000 ohms.

The Negative-Impedance Convertor

Negative impedances are usually produced by the
combination of a passive network and a negative-
impedance convertor. The principles of the latter have
been described by Tillman in an earlier article? but for
completeness they will be re-stated here.

An ideal negative-impedance convertor is a network
with two pairs of terminals A-B and C-D, as shown in
Fig. 1, having the property that if any impedance Z
is connected between one of the pairs of terminals,
say C-D, the impedance seen between the other pair of
terminals, A-B, is —nZ. Also, if the impedance Z is
connected between terminals A-B the impedance
measured between terminals C-D is — Z/n.

Impedance transformations as described may be
produced by a circuit such as that of Fig. 2, in which
the rectangle represents an amplifier having, ideally, an
input impedance of zero, an output impedance of
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FIG. 2—BLOCK SCHEMATIC DIAGRAM OF A NEGATIVE-IMPEDANCE
CONVERTOR

infinity and a current gain of »n + 1. With an input
current { and an output current (n 4+ 1)i, the current
which must flow from terminal A is ni. Since the
amplifier has zero input impedance, the voltage between
A and B is equal to that between C and D, i.e. v = iZ.
The impedance measured between terminals A-B
is the ratio of the voltage v to the current ni, due regard
being paid to the signs of these quantities. The situation
may perhaps be clarified by consideration of Fig. 3, where
Z/n represents a passive impedance.
ni + The current ni flows through the
impedance from the high potential

z @+ point of the generator to the low
" -~ potential point. In Fig. 2 the
o-—— generator current flows through the

FIG. 3—POSITIVE IMP-
EDANCE CONNECTED
TO A GENERATOR

impedance in the reverse direction
and should therefore be regarded
as negative. Thus the impedance
between terminals A-B is v/—ni = —Z/n.

If, now, the impedance Z is connected between
terminals A-B instead of between terminals C-D it can
be shown, by a similar argument, that the impedance
measured between terminals C-D is —nZ.

The input and output impedances of a common-base-
connected junction transistor approximate quite closely
to the impedances required for the amplifier indicated
in Fig. 2. Moreover, the transistor has a current gain
of nearly unity and the desired current gain of n + 1
can, in effect, be realized by the addition of a trans-
former. A circuit using such a transistor and having
the properties described for Fig. 2 is given in Fig.. 4.

FIG. 4—NEGATIVE-IMPEDANCE CONVERTOR

It can be shown that the arrangement of Fig. 4(a) is
short-circuit-stable while that of Fig. 4(b) is open-
circuit-stable.

Assuming, in Fig. 4 (@), that the transistor has unity
gain it is worth noting at this point that the voltage
between collector and base is 2/Z, i.e. the impedance
seen by the transistor between collector and base is twice
the network impedance, Z, and is independent of the
impedance connected across terminals C-D. Further-
more, the power output from the transistor is 2/2Z*
and since a power of i2Z is dissipated in the impedance,
Z, an equal power is dissipated in any impedance con-
nected between terminals C-D. A similar argument can
be applied in the case of Fig. 4 (b).

THE 2-WIRE 2-TERMINAL NEGATIVE-IMPEDANCE REPEATER

Transmission gain can be provided in a 2-wire circuit
by connecting a single negative impedance in series or
in shunt with the line.

L+d A L-d

o [l

B
)

FIG. 5—INSERTION OF A SHUNT-CONNECTED NEGATIVE IMPEDANCE
IN A TRANSMISSION LINE

|
‘ |
I
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In Fig. 5 (a) a line of total length 2/ and terminated
at each end with its characteristic impedance, Z,, has a
negative impedance —Z,/k connected across it at a
point distant / + 4 from the sending end. (The question
of whether this should be a short-circuit-stable or an
open-circuit-stable impedance is left to be discussed later.)

Applying Thévenin’s Theorem to that part of the circuit
lying to the left of the negative impedance, Fig. 5(a)
may be replaced by Fig. 5(b).

The open-circuit voltage at A-B is e’ and is a function
of the applied voltage, e, the line propagation coefficient,
v, and the length, / + d. The insertion voltage ratio
produced by the negative impedance is the ratio of the
voltage across the load with and without the negative
impedance connected. This, however, is the same as the
ratio of the voltages between A and B under these two
conditions. This is readily shown to be 2/(2 — k), so that
the insertion gain, G, is given by

2
G—-ZOlongz_kldb ...................... (1)
The same result would have been derived by starting
with a negative impedance —kZ, in series with the line.
The factor & may be complex and therefore a given
value of gain can be realized with an infinite range of
values of &, corresponding to different phase shifts, and
it can be shown that:
(a) for a flat gain/frequency characteristic & should be
a constant]
(b) for a given value of G the sensitivity of G to
changes ink islessif k < 2

* Power, as referred to here, is ‘“‘complex” power, i.e. volt-
amperes.

1 Strictly, it can only be deduced that £ must be of such a value
that |2—k| is constant. However, the only practical way of
achieving this is to make & constant.
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(¢) if k << 2 a reflection loss occurs at the terminals of the
repeater instead of a reflection gain.

Also, it is shown in Appendix I that, for a maximum
margin of stability, k£ should be a real number.

For stable operation with values of k<2 a short-
circuit-stable repeater must be connected in shunt with
the line and an open-circuit-stable repeater in series with
the line.

The repeater must be stable under all conditions of
circuit termination. The limiting terminations are an
open-circuit and a short-circuit, which may occur while
a call is being set-up or cleared. The repeater should
therefore be stable under any combination of these two
conditions. The effect of these extremes of termination
tends to be least when the repeater is at the mid-point of
the circuit. In practice it has been found that to obtain
a worthwhile amount of gain with, say, 1 db stability
margin, the repeater should be confined to the middle
third of the circuit.

Even when the appropriate type of negative impedance
is used and located in the middle-third of the circuit the
2-wire shunt-connected or series-connected repeater still
produces severe reflections. For a gain of 6db, for
instance, the return loss is zero in each case. This is not
satisfactory should the junction form part of a trunk
connexion and the transmission time be appreciable.
Moreover, even in the most favourable circumstances,
it is not possible to obtain a 3 db loss circuit with a
stability margin of 1 db on a 20 Ib/mile cable pair loaded
with 88 mH coils at 2,000 yd intervals if the pair length
exceeds about 11 miles.

THE 2-WIRE 4-TERMINAL NEGATIVE-IMPEDANCE REPEATER

The limitations of the single-element repeater, described
above, lead naturally to consideration of the possibility
of a negative-impedance repeater that would match the
line in impedance and thus, ideally, eliminate reflections
and give freedom to insert the repeater at any point in
the circuit.

Generalized Configuration

Networks that match a line and give a transmission
loss, i.e. pads or attenuators, are very familiar and
commonly take the form given in Fig. 6 (a). It might

©-

@ (€]

FIG. 6—LINE-MATCHING NETWORKS OF POSITIVE OR NEGATIVE
IMPEDANCES

be expected, and it is in fact true, that reversal of the
sign of each individual impedance will change the loss
into a gain of the same amount while retaining the
matching property. Thus, a negative-impedance repeater
could be constructed as in Fig. 6 (@), the three impedances
being negative impedances suitably related to the
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characteristic impedance, Z,, of the line. It is, however,
preferable to adopt the configuration of Fig. 6 (b), which
has similar properties to that of Fig.6 (a) but requires
only two negative impedances. In the case of the
attenuator shown in Fig. 6 (b) the image impedance is
given by,

Zr = % NV ZZo oo o))
and the image-transfer coefficient, 0, by
tanh 6 — — 2 3)
m Z,
T At

By suitable selection of Z, and Z,, Z, may be made equal
to the characteristic impedance Z, of a transmission line
and 6 may be given any prescribed value. The arrange-
ment, as an attenuator, matches the line and gives a
transmission loss of & nepers.

Suppose, now, that Z; and Z, in the attenuator are
replaced by —Z, and —Z,, then from equation (2) it
can be seen that the value of the image impedance, Z;,
is unaltered, while from equation (3), tanh 6, and therefore
6, changes sign to give a transmission gain of @ nepers.

If, then, suitable negative-impedance convertors are
used to carry out the replacement of impedances Z, and
Z, by impedances —Z, and —Z,, a repeater matching the
line has been formed by building an attenuator having a
negative loss.

If, now, for convenience, we write the image transfer
coefficient of the attenuator as —@ instead of § so that
8 now represents a gain and not a loss, the circuit of
Fig. 6 (b) may for the purpose of analysis be replaced
by the solid-line section of Fig. 7.

I_ —_— SERIES ELEMENT
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FIG. 7—EQUIVALENT CIRCUIT OF 4-TERMINAL NEGATIVE-IMPEDANCE
REPEATER

To obtain an expression for the gain, G, corres-
ponding to equation (1) for the 2-terminal repeater,
k is defined as the negative of either (a) the ratio of the
negative impedance introduced in series with the line to
Z, or (b) the ratio to Y, of the negative admittance
introduced into the line by the shunt element. From
Fig. 7 it can be seen that in either case

— _ =1
k—2tanh0/2_2(€e+ )
Since €? is the fractional gain, it follows that the repeater
gain in decibels is given by

G = 20 log,| 2K

2—k

Power OQutput

It is shown in Appendix 2 that the power delivered to
the load Z, of Fig. 7 from each convertor is given by
e?/8Z, (¢2*—1) and that from the generator by e%/4Z,,
giving a total power in the load of (¢2/4Z;) 2°.



Design Considerations

Fig. 8 shows the circuit of a repeater that has been
developed, using the configuration of Fig. 6 (b) and
convertors of the type shown in Fig. 4 (@) and (b).

27K i5K

¢ AV
: -
2LV D.C. 10

(e

Repeater at end of line:  Csz = 004 uF; Cse = 0 02uF
Repeater at centre of hne: Csu = 0:01 uF; Cse = 0

FIG. 8—CIRCUIT OF NEGATIVE-IMPEDANCE REPEATER

The P.O. transistor No. 4 used in the convertors has a
maximum dissipation of 200 mW in free air at 45°C, and
a maximum collector-to-base peak voltage of 30 volts.
To limit the currents flowing in transformers T1 and T2
the collector currents have been fixed at 6 mA so that
the dissipation for each transistor is only 90 mW. This
means that under optimum load conditions the power
output to line is 45 mW.

From a knowledge of the likely field of application
an arbitrary value of gain from which to initiate the
circuit design is chosen. Variations of gain to cover
specific applications are provided by a range of tappings
on transformers T1 and T2. This has the advantage that
the networks Ngz and N, which are each required to
present an impedance equal to the characteristic im-
pedance of the line multiplied by a constant, can be

Rl
-l MA'A - 0
LIE Tm c2
—4— —0

Network Naz: L1 = 49-8 mH; R1 = 2,094 ohms: C1 = 0-0183 u¥; C2 = 0-0147 uF
Network Nsz: L1 = 676 mH; R1 = 2,800 ohms; C1 == 0-0133uF; C2 = 0-0107uF

FIG. 9—DETAILS OF NETWORKS Nsx AND Nsa
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fixed and can take the form of Fig. 9. The component
values for these networks are based on the experience
obtained during the acceptance testing of a number of
cables and reflect the average of values used in networks
found to simulate the characteristic impedance.

The design should ensure that the optimum load
impedance 1s always presented to each transistor. This
can readily be done in the case of the shunt-connected
element where the load impedance is fixed and is that of
network Ny seen through transformer T3; the value is
not affected by the impedance seen through transformer
T1. In the case of the series-connected element the load
impedance varies with the gain-setting. The optimum
load is presented to the transistor when the tapping of
transformer T2 corresponds to the arbitrarily chosen
initial value of gain., The impedance Ny is, then, made

2

equal ‘[omnl“’—“2 koZ,, where msy, and k, are values of m:
4

(the turns ratio of transformer T2) and k which corre-

spond to optimum load. The values of ko, m. and ms,

are determined, therefore, by the following considerations:

(a) ky from the initial choice of gain,

(b) m, from the optimum transistor load 2 &'—2 - Z,
un

(¢) mg, to give convenient component sizes for the
network Ngg.

For values of m. other than my,,, the transistor no
longer has an optimum load and the power delivered to
the line decreases. A curve showing the amount by
which the output power from the repeater departs from
the maximum possible, as the gain varies from the design
value, is given in Fig. 10.
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P, = Maximum power output at 10 db gain

FIG. 10—EFFECT OF GAIN VARIATIONS ON MAXIMUM OUTPUT POWER
FROM REPEATER

B8 9 10 1] 12

Capacitor C1 (Fig. 8) must have a high impedance at
signalling frequencies to avoid distortion of dial
pulses and its effect upon the negative impedance
produced is balanced at audio frequencies by the action
of capacitor C2.

Transformers T1 and T2 each carry the collector
currents of the transistors and T4 the line signalling
current. As a result the winding inductances with the
present sizes of transformers tend to be low. The effect
of the low inductances of transformers T1 and T2 is to
reduce the gain of each convertor at low frequencies.
By suitable choice of inductance for the windings of the
transformers T3 and T4 this effect can be largely nullified,
a negative inductange then falling in parallel with a
positive inductance.
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may be obtained by building out the end loading-coil
sections to full half-sections.

Measurements, under laboratory conditions, of the
insertion-loss/frequency response of nearly 30 miles of
20 Ib/mile P.C.Q.T. cable loaded with 88 mH coils at
2,000 yd intervals and having a Mark II unit located at
the mid-point are given in Fig. 14. The cable under these
conditions may be considered to approach the ideal.
Under field conditions, where the departure of the cable
from ideal may be considerable, trials to date, with the
repeater located anywhere within the circuit length, have
been satisfactory for cable lengths up to 22 miles. In
addition, it has been necessary to vary capacitors Cgs and
Cu (Fig. 8). Subsequent experimental work suggests that
the range of use of the repeater can be extended beyond

10
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W /
v
(=]
~6
3 74
L4 \S

\______/

I |
0 500 060 1500 2000 2500 3000 3500
FREQUENCY (c/s)

Circuit consisted of 22 miles of 20 1b/mile P.C.Q.T. cable loaded with 88 mH coils
at 2,000 vd intervals

FIG. 15—INSERTION-LOSS/FREQUENCY CHARACTERISTIC OF CIRCUIT
WITH REPEATER AT ONE END

n

22 miles. Fig. 15 shows a typical insertion-loss/frequency
characteristic obtained from measurements taken during
the field trials.

The power consumption of the Mark I model is
535 mW and of the Mark II model 315 mW, at 21 voits.

CONCLUSION

From the results of experiments using the Mark II
version it would appear that for circuits up to about
22 miles in length this repeater possesses economic
advantage over other types of 2-wire repeater. In
addition its use does not complicate the d.c. signalling
path. To obtain further experience and reach a position
where manufacture and application to circuits may
become routine, an order has been placed for 100 of
the Mark II units. These will be placed on field trial and
the results described in a future article.
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APPENDIX I
CONDITION FOR MAXIMUM MARGIN OF STABILITY
In Fig. 5 the impedance seen by the negative impedance
connected between A and B is Z,/2. Assume, for the moment,

that the negative impedance is of short-circuit-stable type;
then for stability,

Z,
| Zylk | > l 2"[ ...................................... 1)
Lethk =a 4 3b .o et 2
thena® 4+ b2 <4 ... i e e 3)
Now the gain G = 20 log,y 5—— I 2 A db.
Let the fractional gain, 10¢/2° be denoted by 2/F, then
|2 —k|=F
or, substituting fork, (2 — a)> + b2 = F? .. .............. (C))

so that a=2-—F b2 .. ..(5
Taking the positive square-root in accordance with equation (3),
it is seen that, from equations (4) and (5),
a* + b =4 — 4 4/F7 — b? 4 F?
The margin of stability is, from equation (3), determined by the
expression

2 V@ T =24 -/ FP-b+ F
which has a maximum value of F and therefore maximum margin
when b = 0, i.e. when k is wholly real.
A similar argument may be developed for the open-circuit-
stable repeater.

APPENDIX 2
POWER OUTPUT OF 4-TERMINAL REPEATER
Referring to the equivalent circuit (Fig. 7) of the 2-wire
4-terminal negative-impedance repeater,

, f
i —-and i, =i
1 ZZO 2 1

The power delivered by the series-connected convertor

— (i,* + i,?) Zo tanh & — (i, — il)zétanhg

[
2 2
=21 + 9 Z, tanh—— 02 (ef — 1)2__t nh—

2
~—tanh (e9+ 1)? = —

) 2
82, 0'ee+1(€+1)

= (29
820(5 D

The power delivered by the shunt-connected convertor

— iy — i) coth— (e — 1)2—coth§
o +1
=< St — 2= & E 8 1)
SZ coth (e 1) 87, 1(e 1)
28 __
SZO(E 1)

2
The power from the generator = £
4z,

Thus, the total power delivered to the load impedance
2
A ~(52€ -1+ ¢

20

4Z = az,
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The Economic Usage of Broadband Transmission Systems
R. J. HALSEY, c.M.G,, B.Sc.(Eng.), F.C.G.I,, D.L.C., M.LEE.T

U.D.C. 621.391.1

The most economic provision of a broadband transmission system
calls for a proper balance between the cost of the broadband
channel and the terminal equipment used to exploit it. The cost
of the freguency band-width of transmission systems in the inland
network is comparatively low, and in order to cheapen the terminal
equipment it may in some circumstances be desirable to space
channels more widely than the usual 4 ke/s, though so far as the
United Kingdom is concerned the matter is not yet finally resolved.
For very-long-distance connexions, particularly on transoceanic
cables, the cost of the broadband channel is very high, and it is
necessary to make the maximum possible use of the comparatively
restricted band-width available. The article describes ways in
which the number of conversations carried by a broadband channel
can be increased; these include a reduction in the channel spacing
to 3 kc/s or 2ke/s, systems of speech coding, such as the Vocoder,
and Time Assignment Speech Interpolation, in which a trans-
mission channel is occupied only when speech is present.

INTRODUCTION

OR communication at distances in excess of about
FSO miles it is usual to provide, by line or radio, a

broadband transmission system some hundreds or
thousands of kilocycles/second in width and to sub-
divide this to provide telephone, telegraph, program
and, sometimes, television channels. For telephone
circuits forming part of an international connexion,
both the channel spacing and the method of channel
assembly have long been agreed internationally by the
C.CIT.T.,* and this has usually set the pattern for
internal circuits, although some countries have devised
more economical methods of assembly for short dis-
tances. The C.C.LT.T. requires that the channels shall
be spaced at 4 kc/s and assembled, first, as groups of
12 in the range 60-108 kc/s (or 12-60 kc/s) and then,
where applicable, as supergroups, each of five groups,
in the range 312-552 kc/s, before translation to the line
or baseband frequencies. For telegraphy, the C.C.I.T.T.
has standardized 24 channels per telephone channel,
with carriers spaced at 120 ¢/s, this being suitable for
50-baud teleprinter operation; American practice is to
use 170 ¢/s spacing for 45-baud working. For program
channels the agreed standards are those which can
reasonably be achieved within the band-widths of two
and three 4kc/s telephone channels; one 405-line
television channel occupies the band-width of 960
standard telephone channels.

The most economic provision of facilities calls for a
proper balance between the cost of the broadband
channel itself and of the terminal equipment used to
exploit it. The cost of the broadband channel will
depend mainly upon:

(a) the type of system, e.g. multi-pair carrier cable,
land-type coaxial cable, submarine coaxial cable, radio-
relay or tropospheric forward-scatter,

(b) the total band-width provided, and

(c) the length of the system.

It is not the intention here to compare the technical
and economic advantages of the various types of broad-
band systems but only the means for their economic
exploitation. Nevertheless, it will be obvious that the
technical performance of the system must always be

1 Director of Research, Post Office Research Station.

¥ Comité Consultatif International Télégraphique et Télé-
phonique (formerly C.C.I.T. and C.C.L.F.).
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such as to permit of the usage proposed, e.g. a system
liable to interruptions or fading may become less suitable
for telegraphy as the signalling speed increases. More-
over, the cost of the broadband system per unit band-
width is a basic parameter of the problem. It must also
be clear whether one is concerned with exploiting an
existing link whose band-width is not capable of being
supplemented or planning a new system to provide
specified facilities. The initial requirement and rate of
growth of traffic will be important and the former is
likely to be very different in the two cases above. For
an existing system the “line” component of the cost of
any facility (including intermediate stations) will be
proportional to the band-width occupied; in a newly
planned system it will usually rise less steeply. It is,
however, to be noted that standard broadband systems
often provide band-width much in excess of foreseeable
needs, and additional band-width then costs nothing.
The factors determining the cost of terminal equipment
are much more complex and it is necessary to distinguish
between equipments which provide the standard facility
and those which provide either a definitely sub-standard
facility or some approximation to the standard. Thus,
as an example, the C.C.L.T.T. requires that a 4 kc/s-
spaced telephone system shall transmit audio frequencies
300-3,400 c/s (1 neper loss relative to 800 c/s); a system
utilizing a greater channel spacing is clearly capable of
providing the full performance, possibly at lower cost,
whereas this is clearly impossible if the spacing is reduced
below 3-1 kc/s. The C.C.I.T.T. defines certain require-
ments of an international felephone circuit in terms of a
“circuit fictif de référence,” 2,500 km (1,600 miles) in
length, and it is generally conceded that a shorter circuit
should only contribute its proportionate share of the
permissible distortion. For verylongdistances (25,000 km
circuits are now under consideration) standards may
have to be relaxed somewhat in deference to costs and
service demands. There is also a school of thought
which considers that some relaxation of standards is
also permissible for short circuits that will not form
part of a long international connexion; the American
N-system, providing 12 carrier telephone circuits over
audio-frequency cables 25-200 miles in length, is, for
example, designed on this basis and is in extensive use.

BASIS OF OPTIMUM DESIGN

The cost of the “line” component of a telecom-
munication channel increases with the band-width and,
if the cost of the terminal equipment required to provide
a particular service decreases as the allocated band-width
is increased, there will be an optimum condition. A
system may be fully equipped either initially or over a
period of years and, depending on circumstances, the
cost criterion may be:

(a) capital cost, immediate or ultimate, the former
being significant in times of capital restriction such as
the present, or

(b) annual charges, immediate, ultimate or average,
including components covering interest on capital,
depreciation, accommodation and maintenance, or

(c) present value of the annual charges (P.V. of A.C.),



the capital sum which it would be necessary to provide
to meet the annual charges over the life of the system.

In general these criteria will give different optimum
designs. Annual charges or P.V. of A.C. will encourage
smaller maintenance costs, which may reflect a higher
quality of service; capital cost encourages shorter-life
systems which will be less prejudicial to future develop-
ments.

If the simple assumptions are made that:

(a) the charges due to the “line” component are
proportional to distance (/) and to the band-width (f)
occupied (= Alf), which will be substantially valid
for a line or radio-relay system, and

(b) the charges due to the terminal equipment are
inversely proportional to the band-width occupied
( = Bf~1), which will not normally be valid,

then the optimum occurs when the two components are
equal. More generally, if in the region of the design
conditions the two charges are A/f* and Bf ~ respectively,
the optimum will be when the equipment charges are
n/m times the line charges. It has been seen that the
index » will, in fact, be unity in an established system
and rather less if a new system is being planned; the value
of m is very much less definite.

To illustrate the telephony problem more precisely,
Table 1 shows a typical breakdown of the charges on a
standard 16-supergroup coaxial-cable system. The P.V.
of A.C. is based on a uniform increase in circuit require-
ments over 20 years; the capital cost and annual charges
refer to the fully-equipped system. The cost of normal
within-band signalling equipment is shown separately.

TABLE 1
Cost Ratios for a 16-Supergroup Coaxial Cable System

: Annual | P.V.
Item Capital Charge | of A.C.

Equipped Line (per 100 miles) .. 1-0* 1-0% 1-0*
Channelling Equipment, including
Accommodation and Power .. 20 32 1-8
Signalling Equipment, including
Accommodation and Power .. 15 21 14
Total Terminal Equipment, includ-
ing Accommodation and Power . . 35 53 3-2

* Plus a small constant component equivalent to about 5 miles.

If the values of m and n above are known, the circuit
length for which the design is an optimum can be deduced.
For example, if n = m, the optimum distance in respect
of the above P.V. of A.C. is 320 miles; if # = 2m it
will be half this. Assuming that the cost of the standard
(4 kc/s) system has been reduced as far as possible, and
here the high cost of the signalling equipment is to be
noted, it will be advantageous to increase the band-
width per channel for shorter distances and decrease
it for longer distances.

It is not suggested that there is room for a number of
graded designs; this would undoubtedly increase overall
costs by complications in the factory and in the field.
There is, however, a potential case for one “short-
distance” system and one ‘“very-long-distance” system
at least. It is proposed to examine the problem in more
detail in three stages:—

(i) What can be done to reduce the cost of the
4 kc/s-spaced channel equipment with its associated
signalling equipment ?

(if) What can be done to reduce the costs of channel
equipment further by increasing the channel spacing, so
that short-distance carrier systems become more
economical and the distance is reduced at which audio-
frequency systems are cheaper (at present up to 30-50
miles).

(iii) What can be done to reduce the band-width
required per circuit when the line is so long that terminal
equipment costs are comparatively unimportant? This
will have particular reference to transoceanic cables
and global circuits generally.

The initial examination will be in terms of telephony,
but telegraphy in its various aspects, programs and
ielevision will also have to be considered.

DESIGN OF 4 KC/S-SPACED EQUIPMENT

At the C.C.IF. Oslo Meeting in 1938 there were two
contending proposals for channel spacing on inter-
national transmission systems:

(a) 3 kc/s spacing with an effective transmission
band 300-2,700 c/s, i.e. 20 per cent wastage, sponsored
primarily by Germany.

(b) 4 kc/s spacing with an effective transmission band
300-3,400 cfs, i.e. 22-5 per cent wastage, sponsored
primarily by Great Britain and based on American and
British practice.

The advantages of the wider transmission band, as
demonstrated, were just sufficiently impressive to lead
to the adoption of 4 kc/s spacing and, consequently, to
systems in which all carrier frequencies are multiples of
4 kc/s; had 3 kc/s channel spacing been adopted, it is
highly probable that all carrier frequencies would have
been multiples of 3 ke/s. Uniformity in this respect is
important because carrier leaks from the various stages
of modulation and crosstalk from frequency-generating
equipment will then always coincide with carrier fre-
quencies and will, in consequence, cause no interference
tones except, possibly, in wideband channels such as
program channels. The introduction of non-standard
channel spacing (other than 2 kc/s) in an established
4 kc/s system is liable to be troublesome in this respect.

The German proposal was based on experience with
double-modulation systems employing inductor-capacitor
filters; British and American practice was to employ
single-modulation with piezo-electric crystal filters; both
envisaged signalling and dialling by tones within the
transmission band. The choice of 4 kc/s spacing was
confirmed after the war and some Administrations
decided to implement it by double-modulation, using
inductor-capacitor filters in preference to crystal filters.

Experience with 4 kc/s-spaced systems shows that:

(i) The cost of within-band signalling is high (see
Table 1) and a number of Administrations have adopted
out-of-band signalling where they have been free to do
so; this eliminates equipment necessary to make the
signalling system voice-immune at the expense of
requiring a separate narrow-band signalling channel.

(i) Improvements in high-grade inductor cores and,
in particular, the development of ferrites, have made it
possible to reduce the size and cost of inductor-capacitor
filters and improve their performance to a greater extent
than has been possible with crystal filters.

(iii) The growing availability of transistors with their
low power consumption, heat dissipation and main-
tenance costs tends towards the more generous use of
active components.
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The reactions of these factors on costs depend very
much on the techniques and commitments of individual
equipment manufacturers and it is not possible to
generalize. There is a general tendency in Europe to
design so that out-of-band signalling can be provided for
those conditions under which it can be used to advantage.

CHANNEL SPACINGS IN EXCESS OF 4 KC/S FOR SHORT
DISTANCES

If the channel spacing is increased above 4 kc/s,

channel separation becomes easier. For a straight-

forward single-sideband system, typical filtration require-

ments at the sending and receiving terminals are shown

in Fig. 1 for 4, 6 and 8 kc/s spacings. It seems that the
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The requirements indicated are for single-sideband suppressed-carrier systems using
lower-sideband 4 kc/s, 6 kc/s and 8 kc/s spaced carrier channels

FIG. 1—CHANNEL FILTER SPECIFICATIONS

reduced requirements for wider spacing can be more
readily exploited in inductor-capacitor filters than in
crystal filters; with either type of filter, the provision of
an out-of-band signalling channel is made easier. Table 2
shows, by way of illustration, an estimated break-down
of the annual charges on a typical 30-mile coaxial-cable
route; standard 48 kc/s groups are assumed, each yield-

TABLE 2
Cost Ratios for a 30-mile Coaxial Cable System

Annual Charges per Circuit
i
System Terminal Exchange
Line | Eqmt. |Channel| Signal- | Total
other Eqmt. ling
than Eqmt.
Channel
Eqmt.
4 kc/s, In-band
Signalling .. | 007 0-12 0-48 0-33 1-00
6 kc/s, In-band
Signalling ..} 011 0-18 0-39 0-33 1-01
6 kc/s, Out-band :
Signalling .. | 011 0-18 0-52 } 0-09 0-90
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ing twelve 4 kc/s-spaced or eight 6 kc/s-spaced channels.

It will be seen that the lower cost of 6 kc/s-spaced
channel equipment is significantly offset by the heavier
share of the terminal equipment, especially group and
supergroup equipment, which has to be borne by each
channel; there is, therefore, a potential case for increas-
ing the band-width of a group. On the basis of Table 2
it follows that 6 kc/s-spaced equipment with in-band
signalling is more economical than 4 kc/s-spaced equip-
ment at distances less than 23 miles and, with out-of-band
signalling, at distances less than 105 miles. A similar
calculation based on capital cost would, however, show
savings with 6 kc/s-spaced equipment at greater distances.

Since the annual charges on audio-frequency systems
are less than those on coaxial systems at less than
30-50 miles, this appears to dispose of the case for a
6 kc/s-spaced system with in-band signalling and
justifies increased spacing only on the score of the lower
cost of out-of-band signalling. In an endeavour to match
this reduction in a modified 4 kc/s-spaced system,
certain British contractors have redesigned their crystal
filters to permit of an out-of-band signalling channel at
3,825 ¢/s. For the moment at least, this scems to have
hardened opinion against the use of a 6 kc/s-spaced
system in this country.

In the Netherlands, 6 kc/s-spaced systems with
out-of-band signalling are used for nearly all internal
circuits, 4 ke/s-spaced systems being reserved mainly
for international connexions (mainly transit); in this
case the savings claimed are very substantially in excess
of those indicated above. Much of the conflict of
opinion arises because the systems being compared are
often different in date and concept; strictly comparable
systems seldom exist. In the author’s view, the problem
cannot be considered to be finally resolved in this
country.

If the carrier spacing is increased beyond 6 kc/s,
double-sideband transmission becomes practicable and,
with a low-pass filter in the audio circuit, the channel
filter requirements then become even less stringent.
The American N-system is of this type, with 8 kc/s
spacing and out-of-band signalling at 3,700 ¢/s (the
highest speech frequency transmitted is 2,800 c/s). This
system is designed to exploit cables having high intrinsic
crosstalk and has built-in compandors which further
halve the attenuation requirements of the filters; this
feature is, however, justified only by the specific needs
of the system.

All the previous discussion has been in terms of
frequency-division multiplex, i.e. conventional carrier
systems. The potentialities of time-division multiplex,
particularly pulse-code modulation (p.c.m.) systems
must not, however, be overlooked. There are schools of
thought both here and in America which believe that
p.c.m. can ultimately be effected with terminal equip-
ment that is much cheaper than that of conventional
carrier systems. If, as seems likely, such equipment
operates with binary, i.e. two-level, code, the band-width
required for a speech channel will be very substantially
increased; the likely application, therefore, will be to
transmission systems in which band-width is cheap, e.g.
radio-relay systems and, more especially, waveguides.

MORE EFFICIENT USE OF LONG-DISTANCE BROADBAND
CONNEXIONS

The exploitation of very-long-distance connexions
and, in particular, the transoceanic telephone cables



which are now coming into use will now be considered.
The band-width provided on such systems is much
less than on land coaxial systems and the cost per kilo-
cycle per second per mile is consequently very high—up
to 50 times as much in capital cost. It follows that vastly
higher charges on terminal equipment are justified if
they lead to more efficient usage.

Considering primarily the telephone aspect of the
problem, in general there are two means whereby more
conversations may be carried by a broadband system:

(i) A 1eduction in the channel spacing, either by more
efficient (costly) fiiters, narrower effective transmission
bands or both. In such an arrangement the speech may
be transmitted either

(a) as a conventional analogue* signal of restricted
band-width, or
(b) as a non-analogue, ¢.g. coded, signal.

(i) By occupying a transmission channel only when
speech is present; in a two-way conversation the average
activity of a channel cannot exceed 50 per cent and can
be as low as 25 per cent when due allowance is made for
setting up calls. The number of calls which can then be
handied by a group of channels will depend on the
acceptable amount of “freeze out,” i.e. the probability
that no channel is available to a talker when he requires
it. This principle is known as Time Assignment Speech
Interpolation (T.A.S.1.) and has been developed primarily
by Bell Telephone Laboratories in the U.S.A. Some
confirmatory work has been carried out at the Post
Office Research Station.

Band-width Restriction—Analogue Systems

Band-width restriction impairs the transmission of
speech, and typical listener opinions on the effect of
high-frequency cut-off are shown in Fig. 2 for a range of
listening levels. It is to be noted that band-width and
overall loss are to some extent interchangeable.
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FIG. 2—EFFECT ON SPEECH OF RESTRICTING THE UPPER CUT-OFF
FREQUENCY OF A TELEPHONE CIRCUIT

High-Efficiency Filters. By the use of the most
efficient fiftering techniques the Post Office has found it
possible to reduce very substantially the wasted frequency
band between channels which, as already seen, amounts
to 900 c/s, or 221 per cent, in the case of a standard
4 kc/s-spaced system. Fig. 3 shows the best which can
reasonably be achieved with 2 ke/s and 3 kc/s-spaced
systems, wasting only 130 ¢/s and 200 ¢/s per channel

* i.e. the electrical signal is a faithful copy of the acoustic signal
apart from the band-width restriction.
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FIG. 3—TRANSMISSION-LOSS/FREQUENCY CHARACTERISTICS OF
2KCI/S, 3 KC/S AND 4 KC/S SPACED CARRIER CHANNELS

respectively and giving effective transmission bands
300-2,170 ¢/s and 300-3,100 c/s. As will be seen from
Fig. 2, by interpolation, such 2 kc/s-spaced channel
equipment will give very satisfactory terminal service
unless the signal levels are very low, but it is not con-
sidered adequate for tandem connexion as part of a
global circuit. High-efficiency 3 kc/s-spaced equip-
ment, on the other hand, has recently been accepted by
the Post Office, all Commonwealth countries and the
American Telephone and Telegraph Co. as the future
standard for transoceanic cables, existing and planned.
Since the delay distortion with high-efficiency filters is
much greater than with standard equipment, it will be
desirable to minimize the number of channel equipments
in tandem, particularly when used with T.A.S.I. systems.
The adoption of this standard also places much more
stringent requirements on through-group filters and
supervisory equipment but these difficulties can and
must be overcome.

A further complication arises if a 3 kc/s-spaced system
is connected over an established inland network, in
that the groups will commonly carry interference tones
at the 4kc/s virtual carrier frequencies. As noted
previously, these are unimportant with a 4 kc/s-spaced
system; this is true also of 2 kc/s spacing.

Channel-Splitting Equipment. A description of con-
ventional systems of narrow band-width would be
incomplete without reference to American EB equip-
ment, introduced during the war to provide two
comparatively low-grade circuits over a standard
4 kc/s-circuit by the simple process of band-splitting.
The “A” channel is the normal one, with restriction at
rather less than half band; the “B” channel is derived
as the lower sideband of 3,700 c¢/s. Both channels have
a normal low-frequency response, about 4 db loss at
1,600c/s and 8db at 1,700c/s. The fact that both
channels together have to pass through a normal channel
modulator leads to a certain amount of intermodulation
interference between them. By the end of the war
several million miles of EB circuits were in existence in
the American inland network and, despite plans for their
elimination, quite a lot still remain. Although, as Fig. 2
shows, the transmission quality is very noticeably worse
than that of the modern high-efficiency 2 kc/s-spaced
systems, very valuable service, which would have been
impracticable by any other means, has been provided.
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Band-width Restriction—Non-Analogue Systems

The eclimination of redundancies from speech has
been studied both here and in America. Basically there
are some 40 speech sounds or phonemes, and if these
could be identified uniquely the essential information
could be transmitted in code within a band-width of
about 40 ¢/s. Speech would, however, be completely
formalized and emotionless. Such a system would not
cope with a variety of languages, accents and personal
idiosyncrasies and would be quite unsuited to social
purposes. There is obviously a great deal of scope for
the development of band-economy systems intermediate
between this and conventional systems.

A promising system has recently been demonstrated
here, based on tracking the formant frequencies of the all-
significant vowels. Seven 20c/s-wide information
channels define, in addition to the three formant fre-
quencies, their relative levels, the fundamental larynx
frequency and, voiced/unvoiced switching. The residual
difficulties are much the same as for the Vocoder (see
below).

Vocoder (VOice CODER). The most highly developed
system giving substantial band economy is probably the
Vocoder, initially devised in the Bell Telephone
Laboratories. The arrangement is shown diagram-
matically in Fig. 4. Speech entering the system is filtered
into a number of frequency bands (spectrum channels);
16 in the latest Post Office equipment, six spaced
linearly between 200 and 1,000c/s and 10 spaced
logarithmically between 1,000 and 3,800c/s. The
signal in each band is rectified and passed through a
low-pass filter, the output of which is a slowly varying
“d.c.” signal containing frequencies up to about 16 ¢/s
and defines the energy level in that channel.

Sixteen independent transmission paths must be
provided for the spectrum channels, together with a
seventeenth, of rather greater band-width, which is used
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to convey pitch information, i.e. whether the signal is
voiced or unvoiced and, if the former, the pitch (i.e.
larynx) frequency. At the receiving terminal the pitch
signal is used to control the carrier supply to each of the
16 balanced modulators associated with the spectrum
channels. This carrier supply originates in two local
generators, one of which produces random noise when the
signal is unvoiced, the other producing a range of
harmonics of the larynx frequency defined by the pitch
signal. The carrier supplies are distributed to the
16 modulators via a set of spectrum filters. In the absence
of a spectrum signal the carrier supply is suppressed on
the output of the modulator; an input signal releases a
proportional amount of carrier and the 16 outputs are
combined via a set of spectrum filters to simulate the
input speech.

With high-quality microphones and controlled speech
levels, the results are surprisingly good and the Vocoder
was used successfully on a specialized military project
during the war. It has not, however, been possible, so
far, to develop the system to the stage where it is satis-
factory for use on the public network, with carbon
microphones and uncontrolled levels; the difficulties
reside largely in the extraction of the fundamental larynx
frequency.

The total band-width required by the system outlined
above is a theoretical 300 ¢/s, plus a margin for filtration
of the pitch and spectrum channels. To approach the
above band-width in practice it is necessary to transmit
two channels on each carrier frequency with virtual
carriers in quadrature; single-side-band transmission is
impracticable with telegraph-like signals.

Semi-Vocoder. In an attempt to produce an acceptable
system for transoceanic circuits, a so-called “‘semi-
vocoder” has been constructed at the Post Office
Research Station. In this, the lower speech frequencies
are transmitted directly and only the higher-frequency
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components are coded in a Vocoder. Experiments to
determine hew best to utilize a 2 ke/s channel in this way
led to a surprising conclusion. Closely controlled
subjective tests, which included a “preference” factor as
well as immediate appreciation, indicated that the quality
was most acceptable when the widest possible range of
frequencies was transmitted directly, with only one or
two code channels; further comparison with a conven-
tional channel within the same band-width revealed a
distinct preference for the latter, hence the development
of the 2 kc¢/s-spaced system referred to above.

Vobanc (VOice BANd Compressor). Another approach
to the problem s to attempt to divide all speech frequencies
by a factor, initially two; Vobanc, developed by Bell
Telephone Laboratories, is probably the most successful
equipment on these lines. Speech is divided into three
bands, 200-1,000-2,000-3,400 c/s, sclected to give, as
nearly as possible, one formant in each band. Division
(Fig. 5) is by regenerative modulators which operate in
the range 104-108 ke¢/s on the major frequency com-
ponent in each band only, leaving the other components
at their original spacing, i.e. the speech is modulated
with half the frequency of the major component. At
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FIG. 5—VOBANC FREQUENCY-DIVIDING CIRCUIT

the receiving terminal full-wave rectifiers operate as
frequency doublers cum modulators. A syllable articu-
lation efficiency of over 90 per cent has been claimed
with carbon microphones but the quality is not pleasant,
and the system has been abandoned for the time being,

Band Economy and Signal/Noise Ratio. Information
theory indicates that it is always theoretically possible
to economize in band-width at the expense of signal/
noise ratio, though the principle is usually exploited in
the opposite sense. The rate of exchange is, however,
very poor and, in practice, there is never sufficient noise
margin to permit of anything like.a 2 to 1 reduction. A
possible system on these lines, involving multi-level
pulse code modulation, has recently been outlined but
this could have little value in the present application.

Time Assignment Speech Interpolation (T.A.S.1.)

Bell Telephone Laboratories have developed equip-
ment which, by occupying channels only when speech is
present, enables a group of 36 circuits to handle up to
72 conversations without significant “freeze-out.” This
equipment is highly complex, involving high-speed
electronic switching with many thousands of transistors
in each terminal.

It is designed to begin switching channels only when
the number of unoccupied channels falls below two.
Thus, when the number of connexions is 34 or less, each
talker holds a specific channel for as long as he is con-

nected. When a talk spurt arrives from a 35th talker,
T.A.S.L. disconnects one of the 34 previously-connected
talker lines which is, at that moment, free from speech.
The arrival of a talk spurt on another of the 72 input
circuits similarly causes a free channel to be selected and
connected at both ends. The signals necessary to set up
the talker connexion at the distant end are transmitted
ahead of the speech (which must be either delayed or
clipped). Disconnect and periodic-checking signals for
the complete system are transmitted over the 36th channel,
which is permanently allocated for this purpose.
Important or difficult calls can be routed through the
system without switching, and in the event of a fault
the system ““fails safe,” excess calls being lost.

This system requires that each channel shall be capable
of transmitting frequencies approaching 3,000 c/s, there
being a within-band signalling system at about 2,500 c/s.
This is used for calling and setting up the call, it being
arranged that, once a calling signal ceases, the channel
cannot be scized by another speaker until the call is
properly set up and a release signal is sent and acknow-
ledged.

In order to obtain substantial advantage from a
system of this type it is necessary to group a fairly large
number of channels. Fig. 6 shows how the talker/channel
ratio is related to the number of channels for various
degrees of speech activity and “freeze out.”
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In its latest form, T.A.S.I. is compatible with the high-
efficiency 3 kc/s-spaced channel equipment described
earlier and present plans involve the introduction of
both types of equipment on certain transoceanic cables,
thus increasing the original circuit provision by a factor
of 2-7.

The cost of T.A.S.I. equipment is very high and in
America it has been estimated that on inland circuits—
microwave relay systems and coaxial cables—it is
cheaper to provide additional circuits at distances up to
several thousands of miles; moreover, this distance is
increasing as the cost of normal circuit provision is
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reduced. While the economics are likely to be rather
different in this country and in Europe, extensive use of
the equipment on inland circuits seems to be unlikely.

SERVICES OTHER THAN TELEPHONY

The principles discussed primarily in relation to
telephony apply also to other telecommunication services,
though it is not always possible to gain much practical
advantage.

Telegraphy

In telegraphy, advantages are obtainable on both
short and very long systems. In this country, the annual
charges on 18-channel voice-frequency telegraph equip-
ment are equal to those on some hundreds of miles of line.
It would seem, therefore, that economy could be
achieved on short circuits by using wider carrier spacings
and so transferring costs from the terminal equipment
to the line.

In Germany, half of all voice-frequency telegraph
channels, mainly on minor routes, are provided by
2-tone equipment with 240 c/s spacing instead of the
standard 120 c/s. In addition to lower first cost these
systems have larger operational tolerances, which result
in lower maintenance costs, and this at points where
maintenance personnel are not readily available.

For London-Montreal circuits over the transatlantic
telephone cable, it has been found that by using
frequency-modulated systems 80-baud operation is
practicable and reliable with 120 c/s-spaced channels.
By replacing start-stop (7 or 7} unit) by synchronous
(5-unit) operation, two normal teleprinter channels can
be obtained by time-division multiplex; thus, 48 50-baud
channels can be operated over a standard 4 kc/s tele-
phone channel and, perhaps, 44 over the 3 kc/s channel
of the future.

Since double-sideband transmission is wusual on
voice-frequency telegraph systems, a further 2:1
increase in traffic capacity is potentially possible.
Single-sideband transmission, as such, is impracticable,
but quadrature transmission systems, for example,
should be capable of development to give equivalent
capacity. The American Kineplex system, now under
test, may well prove to give additional traffic capacity
approaching 2 : 1.

Program Circuits

Program circuits normally replace either two or three
4 kc/s-spaced telephone circuits and if quality is to be
maintained little can be done to improve the efficiency
of usage. Compandors can be used satisfactorily to
increase the signal/noise ratio but band economy is
probably impracticable.

Television

A conventional 405-line television channel occupies
some 3 Mc/s of band-width and is normally provided
asan alternative to 960 telephone circuits, in the frequency
range 0-5-4-0 Mc/s. For very short circuits it is now
practicable to transmit video frequencies directly over
coaxial cable without frequency translation; this has
been made possible by reducing noise currents with
coaxial chokes.

For long distances overland there is, as yet, no
alternative to conventional transmission and circuits up
to 4,000 miles in length are provided over both coaxial
cables and radio-relay systems, notably in the U.S.A.;
the band-width available in transoceanic cables is, how-
ever, limited at present to 144 kc/s. The United Kingdom
to Canada (CANTAT) cable, planned for completion in
1961, will provide a band-width of 240 kc/s in each
direction, but the phase distortion inherent in the
directional filters will reduce, substantially, the band-
width which will be suitable for television. Possibilities of
transatlantic cables for conventional television trans-
mission have been discussed, but these will probably have
to await the development of high-frequency transistors of
great reliability before they are technically feasible; this
ignores entirely the question of cost and need. It has
been demonstrated that, with careful delay equalization,
a reasonable picture can be transmitted within a band-
width of 1 Mc/s but, even taking this into account, no
conventional television cable system is likely to emerge
for a number of years. Earlier provision of transoceanic
television links must, therefore, depend on the develop-
ment of tropospheric scatter systems, which might be
capable of adequate transmission over distances of a few
hundred miles, and/or means for reducing the band-
width occupied. In regard to the latter there are several
possibilities:

(a) Elimination of signal redundancies, element-to-
element along a line, line-to-line and frame-to-frame.
In order to reduce band-width requirements the residual
information must be transmitted at a constant rate and
this must involve storage and delay. A number of such
arrangements have been proposed, giving economies of
up to 6:1 in band-width.

(b) A reduction in the picture information by decreas-
ing the frame frequency, the number of lines or both.

(c) An extension of the time scale proportional to the
band-width reduction required; this necessitates record-
ing on either film or magnetic tape at each end of the
system.

All these possibilities are being explored in an
endeavour to provide television service over those
transoceanic cables which already exist or are planned.
It is, however, premature to indicate the scope of the
experimental transmissions which are likely to be carried
out in the near future.
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Teleprinting Over Long-Distance Radio Links
Part 2—Automatic Error-Correcting Methods Used Over Long-Distance Radio Links
A. C. CROISDALE, M.B.E,, B.Sc.(Eng.), AM.LEE.T

U.D.C. 621.396.3:621.396.65:621.394.14

The methods used, and the difficulties encountered, in teleprinter

working over radio links were described in Part 1. Part 2 concludes

the article by describing methods of automatic error-correction
and the improvement in performance which they offer.

ERROR-DETECTING AND REPETITION METHODS

T has been explained that the elements of the received
Iradio telegraph signal may be examined by one of

several methods to determine the presence or absence
of a signalling condition. It depends on the type of
transmitted signal whether positive indicationis available
for only one condition, as in the case of “on-off”” keying,
or available for both conditions, as in 2-tone or
frequency-shift keying. It will be appreciated that when
both conditions are positively signalled the receiver
must take account of the presence of one condition and
the absence of the other condition for each element as it
is received. On this basis the absence of both signals
must indicate an error or mutilation by the radio
transmission medium.

A simple system of “error-detection,” resulting in
automatic repetition to correct the error, has been
invented and patented by Dr. Van Duuren. In this
system the received elements have to maintain an
amplitude greater than a predetermined value for longer
than a set portion of the element length. Failure to meet
this requirement is declared an error, and then a repeti-
tion of the character concerned is arranged by means of a
signal injected into the return radio telegraph channel.

The assessment of the signal element must be made by
comparison with empirical values of amplitude and
duration which, in fact, must be such that elements
having these values are relatively immune from falsifica-
tion by noise; this, however, must result in some ele-
ments, when greatly attenuated, being rejected as errors.
The system has merit in being simple; it does not require
translation to a special signalling code. However, it does
require that requests for repetition be initiated either
at the radio station or at a central office connected to
the radio station by means of an audio telephone circuit,
because a 2-condition d.c. signalling system between the
radio station and the error-detecting equipment would
eliminate the intermediate levels of signal intelligence on
which errors are assessed. An automatic repetition
system (ARQ system) requires that the traffic be stored
during periods when radio transmission conditions are
causing repetition of transmissions. This involves the
provision of character storage facilities at the input to
the channels, and the installation at a radio receiving
station of the necessary equipment may be undesirable.

Use of Special Codes

Alternatively to the use of an error-detecting system
employing the principle of assessment of the presence of
a signal element, much attention has been given to the
use of a signalling code! which will ensure detection,
and possibly correction, of mutilations. An obvious
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way of doing this is to send the five intelligence elements
twice and compare the received results. If the results
are identical the character can be assumed to be correctly
received. This method has the disadvantage that, for
each character transmitted, the number .of signalling
elements is doubled, and hence the traffic capacity of a
telegraph system is halved.

Other codes have been devised which use extra
elements to check the “intelligence” elements and even to
correct the mutilations, but this again increases the
number of elements used and hence decreases the traffic
capacity of the link. The value of an error-correcting
code must therefore be assessed in terms of circuit
capacity, because the code must be used all the time,
even when the radio link performance is good. By
comparison, the code used with an error-detecting
system uses fewer elements and hence, during good
radio conditions, will clear more traffic; when used with
an automatic repetition device the traffic clearance rate
will be reduced only as errors occur on the radio link.
However, such systems require the simultaneous service-
ability of both directions of transmission of a two-way
radio circuit. On balance it is considered that the use
of an error-detecting code with automatic repetition to
provide correction is the best commercial system.?

An Error-Detecting Code

The requirements to be fulfilled by an error-detecting
code for general use on long-distance radio-telegraph
services may be stated as follows:

(@) It should be compatible with the 5-unit code and
provide 32 usable combinations. Two more usable
combinations are required on switched networks, e.g.
telex, to convey supervisory signals, and possibly one
further combination for indicating a request for repeti-
tion, making necessary a total of 35 usable combinations.

(b) Conversion from, and to, the 5-unit code should
be possible without undue complications.

(c) The code should be so designed that the ratio of
undetectable errors to detectable errors is as low as
possible, while the number of elements per character
should be as low as possible to reduce waste of circuit
time,

(d) Presence of bias distortion on the received signal,
giving rise to repeated element-errors in the same sense,
should not cause undetected errors.

From these requirements a minimum of six elements
is required to transmit the 35 combinations in 2-condition
code (these would provide 2° = 64 combinations).
Actually, the supervisory signals could possibly be
accommodated by a sequence of 5-unit characters but
this is not attractive. Studies of possible codes have
resulted in a number of 7-unit codes with various rules
for check. Examples of these are the R.C.A. (J. B.
Moore) code, the Van Duuren code and the Higgitt
No. 2. These.are codes having a fixed ratio of three
marks to four spaces; error detection is by a check of
this ratio.
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Further examples are the Cook code and the Wheeler/
Fifield 5/2-2/5 code. In the Cook code the 5-unit charac-
ters are used without change and two additional
elements are added. Error detection on 30 of 34 or more
characters is by a check of the apparent 4 :4 ratio
produced by ‘‘weighting” one of the two additional
elements.

The Wheeler/Fifield 5/2-2/5 code also uses the 5-unit
code unchanged and two extra elements are arranged
so that all acceptable combinations have a mark/space
ratioof 5:2o0r 2 :35,

The theoretical performance of some of these codes, and
also of a 6-unit code formed by adding a “parity check”
element to a 5-unit code, is shown in Fig. 6. For a
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“parity check” the sixth element is made either M or S
to give an even total number of marking elements in the
character. After a rather limited series of comparative
tests of the 3 : 4, 5/2-2/5 and Cook codes it was con-
cluded that the 3 : 4 code was preferable, though not so
easy to convert to, and from, as the other codes.
Between the R.C.A., Van Duuren and Higgitt No. 2,
which are all 3 : 4 codes, the only differences are in the
rules of translation, i.e. which character is allotted to

each combination; the theoretical performances are-
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equal. It will be realized that, as the accuracy check on
the 7-unit code is by means of the 3 : 4 ratio of mark
elements to space elements, errors producing such a
ratio are undetectable.

Commonly met mutilations consist of simple changes
of marking elements to spacing elements or vice versa,
and as these obviously upset the mark’space ratio of
the code they are detectable as errors. However, other
types of mutilation, fortunately far less common, consist
of transpositions of marking and spacing elements
within a single character. These do not alter the 3 : 4
ratio and therefore are undetectable as errors.

Principles of an Error-Correcting Telegraph System

Having decided that the errors produced by a radio
transmission system can be very largely detected by a
7-unit code, the principles of an automatic system for
correcting the errors by repetition can now be formulated.

(a) The system shall be synchronous and shall provide
several time-division channels, but the speed of signalling,
in the aggregate, shall not exceed the efficient speed of
the radio link, bearing in mind channel band-width and
multi-path effects.

(b) Translation shall be provided from a 50-baud
start-stop 7%-unit channel input code to a synchronous
7-unit code for use over the radio link.

(¢) The receiving equipment shall examine each 7-unit
character for 3 : 4 ratio of marks to spaces and, in the
event of an error being thus detected, shall suspend
printing of the received signal and cause a signal to be
sent, automatically, to the originating terminal asking
for repetition of the falsified character. This returned
signal, designated RQ, requires that the telegraph system
be of a 2-way nature, with a locked timing relationship
between the terminals so that the repetition signal shall
be correctly injected into the traffic on the return channel.

(d) On receipt of the repetition signal, RQ, or, as later
described, on receipt of a mutilation, the originating
terminal shall repeat the character which was in error.
The repetition procedure shall continue indefinitely
until correct reception is obtained.

The use of high-accuracy oscillators for controlling
the terminals ensures that synchronism is not lost during
a complete fade-out of the radio link for periods of up to
15 minutes.

The time taken for the radio signal to travel between
the radio transmitting station and the radio receiving
station is comparatively short because propagation is at
the speed of light. However, the voice-frequency trans-
mission system between the radio stations and the
control offices, and any radio relay stations in the radio
path, can easily introduce delays of 100 ms or more.
Hence, the repetition cycle must be arranged to allow
for these delays. Working on the above principles,
Van Duuren produced an automatic error-correcting
system in 1950 and the C.C.I.T.T. and C.C.I.R. have
recommended the adoption of his 7-unit code and certain
other features.

PRINCIPLES OF THE VAN DUUREN AUTOMATIC ERROR-
CORRECTING (ARQ) SYSTEM

Van Duuren error-correcting principles were originally

applied to a single telegraph circuit (i.e. one “go” and

one “return’ channel) but present equipment caters for

either two or four circuits. For the purpose of this



article its application to a 2-circuit time-division multiplex
system will be described.

At the C.C.I.T.T. meeting in November 1956, the rate
of character transmission for channels working at
50 bauds on a time-division system was agreed as
411-43 characters per minute, to ensure that incoming
signals from an automatic transmitter running slightly
fast are accepted. This gives an output character duration
of 1452 ms (see Fig. 1 in Part 1 of the article). Hence,
a 2-circuit ARQ system will convey 822-86 characters per
minute. Using a 7-unit code this requires an aggregate
telegraph signalling speed of 7 X 822:86 elements per
minute or 7/60 X 822-86 bauds = 96 bauds (approx.).
Existing error-correcting systems will probably be brought
in line with this requirement.

The time-division and synchronous parts of the
system are conventional. Character interleaving is
employed and has the advantage over element inter-
leaving in that it allows earlier injection of the RQ (request
for repetition) signal. The automatic-repetition cycle
operates on a circuit basis so that repetition can take
place on one circuit whilst normal transmission takes
place on the other.

Each character received from the start-stop channel is
converted from the 5-unit code to a 7-unit code and is
transmitted over the radio link and also recorded in a
3-character store. The receiving terminal is operated in
alocked time relationship to the sending terminal and the

incoming radio signal is examined for the 3 : 4 mark-to-
space ratio. If correct, it is translated by means of a
decoder back to the 5-unit code and transmitted as a
start-stop character to the receiving teleprinter. Mean-
while, traffic is passing similarly in the opposite direction
on the return channel; this is shown in Fig. 7 (@).

Correction of a Single Mutilated Character

Now assume that the character “C” transmitted
from station X is mutilated. As the 3 :4 ratio is
affected the examination at the receiving station, Y, will
detect the error, stop printing for a cycle of four charac-
ters and also initiate the transmission of an RQ signal
over the return channel. The RQ signal is injected into
the return channel as soon as the timing permits and
interrupts traffic on the return channel, but as this traffic
is prevented from being transmitted no characters are
lost. In practice each character is “‘called” into the
channel sender, and by suspending the pulse which calls
in the character it is possible to inject the RQ signal in
lieu; this is followed by a repetition from a cyclic store
of the preceding three characters to have been trans-
mitted. The purpose of this will be seen later.

The arrival of the RQ signal at the originating station
X suspends normal transmission of traffic to Y, but
causes the transmission of an RQ signal followed by the
last three characters previously sent from X and which
are still recorded in the local store in their correct

sequence. Since the reception,
incorrectly, of “C” at station Y
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“C” is again tested for 3 : 4 ratio
before it is printed; if found
incorrect, a further repetition is

(5 Simultaneous Mutilation in Both Directions of Transmission
The Master station controls the telegraph speed of the whole system, The Slave station must remain in a locked time
relationship with the Master station both when receiving and transmutting.

FIG. 7—TIMING OF 4-CHARACTER REPETITION CYCLE

initiated.

It has been stated that when
station Y detects a mutilation, the
RQ signal is injected into the
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return channel, followed by the three characters just trans-
mitted. If the return RQ signal from X is mutilated
the detection of it, as a mutilation, at Y will cause a
request for repetition. If the RQ signal is correctly
received at Y it causes no action in respect of the return
channel from Y. Printing is resumed at the end of the
4-character cycle. It can be proved that, by the use of this
4-character repetition cycle in each direction of trans-
mission, the system is immune from breakdown by
mutilations to any character during a repetition cycle.
The injection of four characters into the return path
when only the RQ signal is effective appears on first
sight unnecessary, but the need for this feature will be
apparent from the following paragraph.

It is possible for an RQ signal to be produced by a
double-transposition of another character although the
probability of such a simulated RQ signal is remote. This
would produce a repetition, and if this did not block the
succeeding characters the repeated characters would be
printed twice. A deterioration of the radio path in one
direction of transmission may be accompanied by a
deterioration in the other and, obviously, it is necessary
that under no circumstance shall characters be either lost
or printed twice.

Correction of Mutilations Occurring Simultaneously in
Both Directions of Transmission

Referring to Fig. 7(b), it will be seen that if character
“B” from station X is mutilated on arrival at Y, the
RQ signal is injected into the return channel to X.
However, a mutilation has occurred on the character
“M” just transmitted from Y, and this, on arrival at X,
causes an RQ cycle to commence, and hence injects a
request for repetition signal, i.e. an RQ signal followed
by the previous three characters, “ABC.”

At this stage there are repetition cycles running at each
station. Now it will be seen that the characters from X
(RQ signal followed by “A” and “B”) will be received at
Y and, it will be noted, “B’’ arrives just after the tele-
printer at Y has opened for service. In the other direction,
Y to X, the characters RQ signal, “K,” “L,” and “M”
are received and the receiving teleprinter is opened for
service in time for “M” to be printed.

It will be seen that any mutilations received at either
terminal are taken care of by this 4-character cycle at
each end, with the minimum interruption of traffic. It
should be explained that during any repetition sequence
a genuine RQ signal must be received before printing is
resumed at the end of the 4-character cycle. Each
character received after the teleprinter circuit is restored
is, of course, tested for the 3 : 4 ratio of marks to spaces
before it is printed.

Referring to Fig. 7(a), it will be noted that although an
RQ signal is transmitted from Y to X on the receipt,
at Y, of the mutilation of “C,” either the RQ signal or
an error due to mutilation results in the initiation of the
RQ cycle by X. However, if the RQ signal was mutilated
on receipt at X, there will be no RQ signal during the
RQ cycle at station X, and hence character “‘P”” will not
be printed but treated as an error, initiating an RQ and
calling for a complete re-transmission from station Y.

The cases described cover all the sequences of errors
possible in transmission, but obviously it may happen
that a number of RQ cycles may elapse before printing
is resumed. It is intriguing to observe a circuit working
under poor radio conditions; the teleprinter prints inter-
mittently, but the copy is usually perfect and provides
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a grade of service which can be offered for telex and
private renters, and gives users confidence in the trans-
mission accuracy.

The efficiency of the Van Duuren error-correcting
system has resulted in its widespread use. The United
Kingdom is using this system to establish new direct
teleprinter services with overseas centres of commerce
and to provide teleprinter private circuits for air-line
companies and other commercial users. The conversion
of the Commonwealth public telegraph services to
teleprinter working is also gaining momentum and
within five years it is likely that the majority of routes
will be converted to error-corrected working, using
equipment’ capable of working to the agreed C.C..T.T.
standards.

While it has not previously been mentioned, it is
possible to use certain error-correcting equipments to
indicate errors by printing an “error” symbol on the
receiving teleprinters in place of the mutilated character.
This facility may be useful where a return channel is not
always available.

LIMITATIONS OF THE VAN DUUREN ARQ SYSTEM

There are certain disadvantages associated with the
Van Duuren system and with synchronous channelling
in general which add to the complication of the arrange-
ments. Firstly, the need to transmit two channels in a
locked time relationship with each other means that the
channel information, i.e. code elements, must be available
when required. This, in fact, means that the channel
input equipment must provide a character store for the
multiplex equipment to “read.” There are a number of
ways of meeting this requirement. Each entails storing
the characters to be transmitted on punched tape, or
in cold-cathode, magnetic or capacitive stores, so that
they are available for pulsing into the equipment when
due for transmission. The methods in use at the present
time by the Post Office on error-correcting circuits
employ tape storage, and include:

Method (a). Pulsing directly into the system from a
tape transmitter.

Method (b). Storing incoming traffic in punched tape
form ready for subsequent transmission from a pulsed
tape reader.

Obviously, in an ARQ system using method (b)
the amount of tape required to be stored will increase
during radio disturbances, but will reduce during good
transmission conditions. A device called a reperforating
re-transmitter (known as an FRXD) is available, which
meets this requirement and allows also the transmission
of the last character perforated on the tape, which is an
essential need. However, it is a machine of considerable
expense and requires appreciable maintenance.

The adoption of method (a) is attractive in that the
sender is aware of any delay occurring in clearance of
traffic, but a pulsing circuit must be provided in addition
to the signalling circuit to the renter’s premises.

A second disadvantage is that the duration of the
characters transmitted from the channel outputs is
determined by the frequency of the master oscillator
driving the system. This means that both the channels
of a system must work at the same speed; in the United
Kingdom this would be either at 411-43 characters per
minute per channel, or the American speed of 368
characters per minute. However, a channel of a
368-characters-per-minute system can be adjusted on the



channel-output distributor to work at 50 bauds with a
long stop signal.

As a transmission system the Van Duuren equipment
has the further disadvantages of requiring:

(a) A return channel to carry requests for repetition.

(b) A 4-character repetition cycle in each direction of
transmission. This also limits the permissible maximum
loop propagation time to about 280 ms for 50-baud
channels.

Possible Variations of the Van Duuren Cycle

It would be possible to reduce the return part of the
RQ repetition cycle to the RQ signal only and thereby
reduce the “traffic lost” time at the expense of having
two different types of RQ cycle to meet the various
conditions. However, as stated earlier, it is possible that
radio conditions would affect both directions of trans-
mission simultaneously and nullify this saving. It will
be apparent from Fig. 7(b) that, under the present system,
corrections in each path are covered simultaneously by
one RQ signal in each direction.

It will be realized that the loss of four characters for
each RQ signal on the return channel means a loss of
traffic capacity which could be serious. In the limit, of
course, when radio conditions are bad the system “RQ
cycles” continuously, and no traffic is carried in either
direction. This is better than on an ‘“unprotected”
system which would be printing unintelligible copy
(termed “‘garbling”). However, on occasions one direc-
tion of transmission may be good while the other is bad.
The use of a single RQ character would then be an
improvement. The good channel

Detection of Errors on a Radio Telegraph Circuit

While it might appear that when a printed error is
received on a teleprinter it should be detected by the
receiving operator, a little consideration will show that
this is not true, for a mutilation may change a letter and
still give a readable word, or the message may be in
code form or figures. Of course, when an operator sees
a mutilation, a request for repetition (RQ) of part of the
message can be sent manually, but such repetitions are
laborious and expensive in circuit time. Undetected
errors may be very serious.

The use of automatic error-correction ensures that
only the minimum repetition is demanded and maintains
the channel for traffic use except when mutilations are
actually occurring.

It is considered that an unprotected radio-telegraph
circuit is barely commercial, due to lost-circuit time and
waste of operators’ time, when the circuit error rate is
2-5 errors per thousand characters printed. This, of
course, allows that most, but not all, of the errors are
detected by the receiving operator, the obvious errors,
thanks to the redundancy of words, being corrected
without reference back to the transmitting end. However,
certain errors must be referred back, or arrangements
made for the transmission of each message twice and for
correction by comparison of the received messages; this
is termed “slips-twice” working, which reduces the
circuit capacity to one-half and leaves the work of cor-
rection to the receiving operator. The corrections may be
obvious to the recipient of the message, causing suspicion
and lack of confidence in the message and the service.
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lines) is probably too great for a
4-character RQ cycle if a relay
station is involved, and special
arrangements may be necessary in
this case.

THE IMPROVEMENT IN PERFORMANCE OFFERED BY ARQ

It will have been realized from the foregoing descrip-
tion that an error-correcting system produces com-
plications by its nature and is in itself a complicated
equipment. To decide whether the complications are
worth while, it is necessary to consider the problems
oif% the customer and the improvements the system
offers.

The points B, C, D, are approximate values, determined by the receiving operator and the nature of the messages.
‘Where there is some redundancy of words a worse mutilation rate can be corrected by the operator than could be

corrected for ordinary messages or messages 1n code.

FIG. $—RADIO TELEGRAPH TEST RESULTS WITH AND WITHOUT ARQ OPERATION

With an ARQ system a circuit error rate of 2-5 errors
per thousand characters is improved to better than 1 in
10,000, and the curve in Fig. 8 shows the high traffic-
clearing capacity of the telegraph channel even under
the conditions of increasing error rates that may arise in
typical radio conditions. It will be noted that, as
mentioned earlier, the fading which causes the mutila-
tions is slow enough to permit effective periods of good
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transmission, whereas rapidly recurring fades would have
caused practically continuous repetition, since the ARQ
cycle extends for 600 ms and would have over-run
most of each good period.

Assessment of the Improvement due to ARQ Working in
Relation to Signal/Noise Ratio

It has been pointed out that telegraph channels of a
frequency-division system suffer from the reduction of
transmitted power per channel compared with keyed
carrier emissions. The reduction in channel power level
from, say, a diplex emission (keyed carrier) to a channel
of a 4-channel frequency-division system may be of the
order of 12 db.

The importance of such a reduction in signal level
depends on the nature of the radio link, since where the
noise level is very low a reduced signal level will be
perfectly satisfactory. However, the signal/noise ratio
can be related to the error rate, and the improvement
due to ARQ working can be related to both signal/noise
ratio and the number of diversity paths over which
signals are received. The relations are illustrated by
Fig. 5 (see Part 1), and it will be seen that for an error
rate of 1/1,000 characters the use of a protected code (3/4)
compared with an unprotected 7-unit code allows for a
signal/noise ratio deterioration of 19 db. The improve-
ment due to the use of dual diversity over non-diversity
reception at the same error rate (1/1,000) is equivalent to
a gain of 17 dbin signal/noise ratio, and the improvement
due to quadruple diversity over dual diversity is 9 db. In
each case the improvement due to the use of the protected
7-unit code is equal, roughly, to doubling the diversity
paths.

It must be emphasized that these comparisons refer
to the improvement due to the use of the protected code
alone. In practice, the Van Duuren method of ARQ
working provides further improvements:

(a) by the check for a genuine RQ signal in all its
elements, before a repeated character is even examined
(“gated” RQ), and

(b) because the characters received after an error and
prior to the RQ signal are ignored, hence adding,
effectively, to the protection provided.

Test Results on an ARQ System

It will be realized that, to assess the performance of a
telegraph system working on a radio link, it is necessary
to check that the equipment itself has a very low error
rate. This has been done by deliberately introducing
mutilations on a wire connexion between the send and
receive sides of a 2-channel ARQ equipment (i.e.
connected back-to-back). On one particular test the
equipment ran for 72 hours without fault or adjustment
and, during this time, while 1,589,000 characters were
transmitted (including repetitions) and 505,934 characters
were printed, no error was proved to be due to the
ARQ equipment.

The mutilation rate on a long-distance radio-telegraph
circuit varies widely during each day from good reception
to complete fade-out, and necessitates the change to a
lower radio frequency for use during the night. The
proportion of good reception time depends on many
factors and, obviously, the value of ARQ on any
circuit depends on the mutilation rates encountered
during a 24-hour period, and also on the long-term
effect of sunspot activity and radio propagation. It is
possible to assess, mathematically, the improvement in
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FIG. 9—THEORETICAL RELATIONSHIPS BETWEEN CHARACTER AND
ELEMENT ERRORS FOR A 3 : 4 RATIO CODE

mutilation rate afforded by the use of the 3 : 4 code,
and this is shown in Fig. 9. However, the use of the RQ
cycle with gated RQ gives a further improvement, since
the probability of an undetected error following immedi-
ately after an RQ cycle is then the product of the very
high protection afforded by the check of the RQ signal
and the protection afforded by the 3 :4 ratio check.
This can be calculated for controlled conditions, but
calculation would be difficult for radio conditions where
the signal level varies continuously and at random.
Under such conditions the receipt of a genuine RQ
signal may be followed by a fade, and in this case the
effectiveness of the check of the RQ cycle is that of the
3 : 4 test alone. Under radio conditions the use of gated
RQ can give a reduction in the undetected error rate of
5 to 1 compared with ungated RQ.

Referring again to Fig. 8, typical test values of un-
detected errors have been plotted against the character
mutilation rate existing on the radio circuit. For
example, with a circuit mutilation rate of 100 in 1,000,
the undetected errors are about 0-4 per 1,000 characters
printed, an improvement of more than 200 : 1. It can
be seen (Fig. 8) that at this circuit (i.c. uncorrected)
error rate, the efficiency of the ARQ circuit is about
74 per cent, at a time when the unprotected circuit is
not commercial. It has been claimed that the improve-
ments indicated in Table 2 are achieved by ARQ
working. .

TABLE 2
Improvement in Error Rate Achieved by ARQ Working

Undetected Error
Signal Mutilation Rate| Rate with ARQ Improvement
Working
1/10, ie. 1 in 10 1/1,000 100/1
1/100 1/100,000 1,000/1
1/1,000 1/10,000,000 10,000/1

(The greater improvement at lower signal mutilation rates is due
to the decreasing probability of a transposition occurring within
the seven elements of the character.)



The foregoing results are for instances of errors in one
direction only, and the efficiency of the return channel
would be correspondingly reduced.

The net value of ARQ must be assessed for a particular
link from a consideration of:

(a) The increase in traffic capacity, integrated over the
24-hour period, bearing in mind the periods during
which radio transmission is poor. This may, or may not,
be important.

(b) The saving in operators’ time resulting from auto-
matic correction and from providing ‘‘clean” copy
suitable for the customer.

(¢) The facility of working automatic and switched
services in a reliable manner.

It will be seen that the C.C.I.T.T. recommendation that
the error rate for telex services should not exceed 10
errors per 100,000 characters can be achieved by the use
of ARQ, except in the worst transmission conditions. It
may be observed here that the nature of the radio link
will have a bearing on the undetected error rate. As
already stated, single element mutilations are always
detected by the 3 : 4 code, and the much rarer “trans-
positions™ are the source of undetected errors.

CONCLUSIONS

ARQ offers a performance which makes renter-to-
renter and telex switching facilities, including calling,

clearing and keyboard selection of telex subscribers,
reliable over world-wide radio links.

From the customer’s point of view, ARQ gives the
quality of service which is expected of an expensive com-
munication link. From the engineers’ point of view the
ARQ system, although complicated and requiring expert
maintenance, enables radio frequencies and facilities to
be exploited more fully while still securing an improve-
ment in circuit reliability for a moderate increase in
equipment and maintenance costs.
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Book Review

“Elementary Telecommunications Practice.” J. R. G.
Smith, A.M.LE.E. The English Universities Press, Ltd.
293 pp. 171 1ill. 12s. 6d.

This book has been prepared to suit the needs of students
studying for the City and Guilds of London Institute
examination in Elementary Telecommunications Practice.

Twelve chapters deal with the magnetic effect of a current,
heating effect of a current, telegraph codes and circuits,
telephone and telegraph systems and provision of plant,
cables, manual exchange equipment, soldering, primary and
secondary cells, receivers and transmitters, corrosion,
identifying and testing wires, components used at radio
frequencies, respectively.

The main treatment consists of “sketch and description”
of telecommunication apparatus. This constitutes the
major part of the syllabus and is well, although in parts
briefly, covered. A weakness is inadequate treatment of
fundamental principles, e.g. principle of operation of
devices, and, in a number of instances, a tendency to assume
too much prior knowledge by students. This arises from the
brief treatment of certain aspects, as, to quote the book,
“the syllabus is a comprehensive one and to keep the book
to a reasonable size the treatment is brief”. The force of
this is appreciated, but as the needs of students are foremost
in mind, it is considered that a more thorough treatment
in parts would have been justified even if it resulted in a
slightly larger book. This is all the more important as the
students concerned would be in an early year of study. A
typical instance is that there is no treatment of the polarized
relay, it being left to the student to assume that the principle
of the magneto bell and the polarized sounder applies. The
application of Ohm’s Law to signalling circuits is far too

brief, being limited to the simple series circuit. The general
description of public telephone systems is limited to line
plant networks. Various constructions of electrical contacts
are given, but little information on relative merits, field
of application, and factors influencing performance and
reliability. The power rating of resistors and coils is
inadequately covered. While identification testing is well
covered, continuity tests are hardly mentioned, it being left
to the student to assume that identification test techniques
could, within limits, apply.

As many radio students will study this subject, the chapter
on components used at radio frequencies justifies a more
detailed treatment than that given. The carbon composition
resistor is described in a few words without a constructional
sketch. The statement is made that ‘“‘these resistors are
used where the stability and power rating are acceptable”,
it being left to the student to determine that the stability is
relatively poor and the power rating low. Except for
schematic-type diagrams of non-inductive resistors, no
constructional details of radio-type wire-wound resistors are
shown. Winding techniques to reduce inductance and
capacitance in resistors are described without mention as
to how the techniques achieve their aim. Trimmer capacitors,
radio-type fuses and pre-wound resistors are not mentioned.

A notable feature from the student’s point of view is that
each chapter ends with a selection of questions from past
City and Guilds examinations, together with a model
answer to one of the questions, reproduced from the Post
Office Electrical Engineers’ Journal. Study of these enables
a student to acquire examination technique which is most
important for early-year students.

The diagrams are well drawn, the production excellent
and the price moderate.

S.wW.
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Development

U.D.C. 658.57

ANY readers of this Journal are acquainted with

Mr. A. W. Montgomery, O.B.E., one of the most

respected of British telecommunication engineers,
with a world-wide reputation as a wise counsellor on
development and manufacturing problems.

From time to time he has made random jottings on
“development,” and these, seen by chance, were
recognized and seized upon as deserving reproduction.
This, with some diffidence, Mr. Montgomery agreed to
and has our thanks.

L. H. H.

NOTES ON DEVELOPMENT

1. If your development staff is good, anything which
is developed is out of date when it appears; because in
developing it the individuals concerned increase their
knowledge of the problem and of methods of solution
and can therefore continually see other and probably
better ways of producing the resulit.

2. There must therefore be a stopping organization
somewhere which decides when the development shall
be said to be completed.

3. Development being continuous, stages of achieve-
ment are not natural nor obvious. They must be set
artificially.

4. All industrial development must be paid for out of
some industrial product. This year’s development is
being paid for by the products of development of past
years.

5. Part of the product of development is the increased
experience of an individual and organization; in fact,
this is part of the capital of the organization.

6. Insurmountable difficulties can sometimes be of
great value. When up against one it must somehow be
used in the development. Its existence is a challenge to
thought and ingenuity and is frequently responsible for
good new ideas.

7. The value of a patent is, in general, in inverse ratio
to its weight in paper.

8. Development work must be done for love of the
work; this, because it is by its nature unsatisfying. To
commence with, as the development proceeds, better
ways of doing it must become obvious. Yet if the
direction taken by development changes frequently there
will be no product, no sales, and no money for develop-
ment. Furthermore, after the development leaves the
laboratory, other individuals take it over, and the final
product will in general not be as anticipated by the
originators. It will also appear as a product, months
after it has left the laboratory, by which time the
originators will have learnt much more and will be
somewhat disappointed in what they had allowed to be
made.

9. No development organization can be placid or too
often right. If placid, the necessary spirit of adventure
is missing; if too often right, there is too great caution.

10. Failures of development are valuable in two
directions:

(a) No work can be done without increasing the
knowledge and experience of individual and organization.

(b) A negative result can prevent waste of effort in
future or can give a lead to future work.
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Nevertheless, developments which have failed and
which, if they had been successful, would have produced
valuable products should be re-examined from time to
time to ascertain whether later knowledge and experience,
and new techniques, could turn failure into success.

11. The man who pays all salaries is the customer.
Unsuccessful work must be paid for just as much as that
which results in a product.

12. Development and manufacturing organizations
will always find each other difficult. If this is understood,
very good relations can be maintained between them and
management can act more wisely. Development staff
can always see how easy it would be to introduce
improvements in current designs if only manufacturing
staff were more receptive and active. Manufacturing
staff can always wish that the development staff would
make up its mind and leave them alone to get on with
the job.

13. A most important factor in all development is
human nature. The best work can be made uscless by
the originator himself if he sets up serious antagonisms.
Some staff require ambassadors to get their ideas across.
Some departments are only approachable through
ambassadors.

14. There are almost always many ways of solving a
problem, several of which are equally attractive and
economic. Once one has been selected there must be
no vain regrets afterwards. It will always be possible to
show that any one of the others would have led to better
results.

15. Because of this variety of solutions, commercial
departments will always know that competitors’ solutions
are better and more economical than one’s own. They
are paid to prove the opposite.

16. The better the development staff, the greater the
tendency for them to be consulted on all points, the
more the likelihood of their time being wasted on minor
matters; and the greater the chance of the rest of the
organization going to sleep mentally. This is a serious
danger.

17. An equal danger is for the development staff to
be too inaccessible and so for serious technical difficulties
not to be brought to their attention.

18. By their job, development staff should know more
than others about the product. They, through humility
or arrogance, should not assume that all others know
as much as they, or are incapable of understanding. In
either case, trouble taken to think out how to explain
any difficulties in understandable terms and without
condescension is well repaid and good for the organiza-
tion.

19. There is sufficient natural rivalry between develop-
ment men interested in rival lines of approach, and the
application of any external active stimulation is un-
necessary. It produces, in general, bad results. This
rivalry without pressure is generally reasonably amicable.
If there is not natural rivalry then you have the wrong
development staff.

20. The development staff, being envied throughout
the whole organization for their leisurely life, freedom
from responsibility, frequent failures without penalty,
comfortable surroundings and high pay, are the fair
butts and scapegoats for the rest of the organization.






























Institution of Post Office Electrical Engineers

Mr. C. W. Brown, M.LE.E.

The Institution mourns the loss of a good friend and a
staunch colleague in the death of Mr. C. W. Brown on
5 July 1958, aged 72 years. Mr. Brown retired from the
Post Office on 31 October 1949 after 45 years’ service, being
Staff Engineer in charge of the Telephone Branch of the
E-in-C’s Office at the time of his retirement.

His association with the Institution was a long and
meritorious one. He served on Council, 1930-36 and
1938-49, being Treasurer 1946-49, and was Vice-Chairman
of the London Centre Committee for the 1938-39 session.
He will long be remembered for his great interest in the
Associate Section of the Institution. He was a member of
the committee appointed by Council in 1931 which
recommended the formation of a Junior Section, and when
the Junior (now the Associate) Section was formed in 1931,
he served as the Section’s first president, 1931-36. Mr.
Brown applied himself wholeheartedly to the task of
inaugurating the Section, the success of which was in no
small measure due to the enthusiasm and organizing ability
displayed by him during his occupancy of the presidency.

Mr. Brown was elected an Honorary Member of the
Institution in 1949 in recognition of his considerable
services. He maintained his interest in the Institution
during his retirement, and his attendances at Senior and
Associate Sections meetings were always welcome events
for his many friends.

Change of Address

The new address of the Institution is:
The Institution of Post Office Electrical Engineers,
G.P.O,,
2-12 Gresham St.,
London, E.C.2.

Essay Competition 1958-59

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 6 guineas and four prizes of 3 guineas,
for the five most meritorious essays submitted by members
of the Engineering Department of the Post Office below the
rank of Inspector. In addition to the five prizes the Council
awards five 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 connexion with
the Associate Section L.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.

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.O., 2-12 Gresham Street,
London, E.C.2.

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 com-
petitor, at the end of the essay, in the following terms:—
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“In forwarding the foregoing essay of...... words, 1
certify that the work is my own unaided effort both as
regards composition and drawing”
Name (in Block Capitals)........cccooiiiiieneinnn.
Signature . ... ... e e e
Rank ..o e e et
Departmental Address..............cccciiiiiiii,
Date ... et
The essays must reach
The Secretary,
The Institution of Post Office Electrical Engineers,
G.P.O.,
2-12 Gresham Street,
London, E.C.2.

by 31 December 1958

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—
1957-58 Competition*

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

The first prize was awarded to Mr. J. G. Philip, Technical
Officer, Aberdeen, for his essay, “Public Speaking in
Relation to the G.P.O. Engineering Department.” The
Panel of Judges was much intrigued by his skilful presenta-
tion of his subject through the introduction of John Brown,
who was troubled by a particularly tricky intermittent
fault condition and was sure that he had heard about
this very difficulty somewhere or other. He had—at
an Associate Section meeting addressed by Fred Smith
who, unfortunately, had not been able to hold and impress
his audience because he had neither studied nor practised
the art of presenting a technical subject to an audience of his
fellow engineers. The author then goes on to deal with the
various factors that are of importance in public speaking
and he makes some useful suggestions whereby practice
may be obtained.

The second prize went to Mr. R. J. Lukehurst, Technical
Officer, Canterbury, for his essay on ‘“Inter-Departmental
Staff Relations.” The author sets out to portray what
various sections of the staff feel about their colleagues in
other Groups and Departments, and he illustrates his
theme in a series of vignettes taken from his own
experiences. He directs attention to the need not only for
understanding the other man’s point of view but also for
appreciating the part that he plays in the vast organization
of the Post Office. He concludes with some very useful
comment on the relationship between staff and their
supervisors.

The third prize was awarded to Mr. K. O. Verity,
Technical Officer, Long Distance Area, for his essay on
“Telecommunications and Atomic Energy.” The author
deals, not with atomic energy as applied in the generation of
electric power, but with the use of radioactivity in furthering
the solution of problems encountered in telecommunica-
tions engineering. The essay does not lend itself readily to a
short summary, but the author deals, amongst other things,
with the testing of repeater sealing glands, the irradiation of
polythene to improve its physical characteristics whilst
leaving its electrical properties substantially unchanged, and
the treatment of germanium to reduce the impurities
contained in it.

Mr. T. A. D. Clark, Technical Officer, Colchester, was
awarded the fourth prize for his essay ‘“The Technical

*The full list of Awards was published in the P.O.E.E.J., Jily
1958, p. 151.




Officer, the Youth-in-Training, and the Mmanual Exchange.”
The author’s subject is the part played by a Technical
Officer in giving practical training on manual exchange
construction work to a youth. He shows how the interest
of the youth is maintained by first giving him "the more
simple and straightforward work to do and then leading
him gradually to the more skilful work. He points out the
desirability of having the youth working alongside the man
who is training him. He deals, too, with the qualities
desirable in the engineer called upon to give training to
youths.

The fifth prize was awarded to Mr. J. A. Armitage,
Technical Officer, Preston, for his essay ‘The Electronic
Random Number Indicating Equipment.” This is a well
written and very good description of the equipment known
to all as ERNIE.,

S. WELCH, Secretary.

Additions to the Library

Note: Library requisition forms are available from
Honorary Local Centre Secretaries, from Associate Section
Centre Secretaries and representatives, and from the
Librarian, I.P.O.E.E., G.P.O., 212 Gresham St., London,
E.C.2.

2492 Interview Case Studies. J. M. Fraser (Brit. 1957).
INlustrates and carefully analyses actual and
specimen interviews, abstracting the facts to be
deduced from each, and tabulating the conclusions in
a logical and clearly defined manner.
2493 Project Satellite. K. W. Gatland (ed.) (Brit. 1958).
The development and possible future of artificial
satellites—by four leading experts.
2494 Radio and Television Servicing (1957-58 Models).
E. Molloy (ed.) (Brit. 1958).
Contains circuits and servicing data for the 1957
and 1958 sets.
2495 Fundamentals of Electron Devices. K. R. Spangenberg
(Amer. 1957).
A unified fundamental treatment of electron

devices including vacuum tubes and transistors, with
emphasis on their similar features rather than their
differences through the common denominator of
semiconductor theory.

2496 Sputnik into Space. M. Vassiliev and V., V.
Dobronravov (Russian 1958).

Covers every aspect of interplanetary flight, the
successes so far achieved, and the next steps in active
preparation for the immediate future.

2497 The Sources of Invention. J. Jewkes, D. Sawers and
R. Stillman (Brit. 1958).

A study of the causes and consequences of industrial
innovation.

2498 Elementary Nuclear Physics. W. K. Mansfield
(Brit. 1958).

A concise summary of the terminology and essential
principles of nuclear physics, designed to enable
the specialist engineer or scientist in another field to
understand the language and arguments of physicists.

2499 Nuclear Reactor Theory. J. J. Syrett (Brit. 1958).

Gives an outline of the physics of reactor design,
including the fission chain reaction, the concept of
critical size, etc.

2500 Magnetic Tape Recording. H. G. M. Spratt (Brit.
1958).

A description of the basic principles of magnetic
recording and the enumeration of the characteristics
of both medium and machine.

2501 Telecommunications Economics. T. J. Morgan (Brit.
1958). -

Describes comprehensively many of the factors and
procedures which are generally applicable, in the
experience of the British Post Office, to the economic
engineering of a telecommunications system.

2502 Elementary Telecommunications Practice. J. R. G.
Smith (Brit. 1958).

Meets the needs of students in this subject, and
includes a set of specimen answers to typical C. & G.
questions.

W. D. FLORENCE, Librarian.

Book Review

“A Guide to Plastics.” C. A. Redfarn, B.Sc., Ph.D.,
F.R.I.C. Second edition. Published for British Plastics
by Iliffe & Sons. 150 pp. 45ill. 18s.

In the preface to the first edition (1951) the author says
“This book is not a conventional textbook but rather a
condensed guide to plastics for the reader who wants some
general information on what plastics are and what they
can be used for. With this object in view chemical formulae
have been avoided and technical terms have been used as
sparingly as possible.” In the preface to the present
(second) edition (1958) “considerable additions and emenda-
tions have been made” on account of the rapid expansion
of the plastics industry in the production of new types of
material.

If one adds to the above that since the raw and inter-
mediate materials used in making plastics are chemicals,
it is inevitable that there is a sprinkling of chemical words
in the book, the prospective reader has from these
paragraphs a fair idea of the nature of this book.

The author has used his 150 pages in the following way:

Plastics Nomenclature (9 pages); Raw Materials for
Plastics (7 pages); The Manufacture of Plastics Materials
(which might also have been called ‘“What Plastics are and
what they are used for™) (58 pages); The Fabrication of
Plastics (57 pages); The Properties of Plastics (8 pages);

Bibliography (2 pages); Index (8 pages); which seems a
very reasonable distribution.

The chapter (Chapter 5) on the (quantitative) properties.
of plastics is very sketchy, but on the other hand a good deal
of information on the properties in the broader (qualitative)
sense is given or implied in Chapter 3 when describing what
the individual plastics are used for. No electrical property
is mentioned in Chapter 5 other than dielectric strength,
but again a useful impression of the electrical properties is
given in general terms in Chapter 3 for the more important
plastic insulating materials.

As a measure of the book’s comprehensiveness and up-to-
dateness in giving answers to the question ‘“What is this
plastic, and what is it used for ?”’ the reviewer tested it on
polyethylene terephthalate, polytetrafluoroethylene (p.t.f.e.),
polychlorotrifluoroethylene (p.c.t.f.e.), silicones, polyure-
thanes, epoxy resins, polypropylene and polycarbonates,
and in all cases except the last a useful answer was obtained,
the number of lines allocated to each one being 19, 33, 3,
95, 15, 2, 0. Actually p.c.t.f.e. was indexed under ““Chloro-
fluoropolymers.”

The chapter on fabrication (Chapter 4) deals with
compression moulding, moulds, presses, heating, preform-
ing, transfer moulding, injection moulding, finishing,
inspection and salvage, and extrusion.

To sum up it can be said that this is a useful little book
which achieves quite well the modest aim outlined in the
first paragraph. A. A. N.
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which one could sink to the knees in places, secondly,
mechanical aids used in earth digging, which on numerous
occasions damaged newly laid duct and cable, and, thirdly,
water and dust in the P.A.B.X. apparatus room. It should
be recorded that the Tunbridge Wells staff tackled these
difficulties and setbacks with typical determination and
enthusiasm.

By the time this note appears the whole of the plant will
have been handed over to the Brighton Area for main-
tenance and future development—the Horley exchange
area having been transferred to the Telephone Manager,
Brighton.

E. W. A.

Wales and Border Counties
TELECOMMUNICATION ARRANGEMENTS
FOR THE SIXTH BRITISH EMPIRE AND
COMMONWEALTH GAMES-

The organization of the British Empire and Common-
wealth Games held in Wales between 18 and 26 July 1958
has been widely acclaimed, and the following is a brief
account of the communications arrangements which
contributed to the success of this important occasion. As
with all such events, the communications requirements
became known gradually as the organization of the Games
and the selection of venues proceeded, and co-ordination
and preliminary planning work were continuous over the
two preceding years.

Nine sports were included :—athletics, boxing, swimming,
fencing, weightlifting, rowing, lawn bowls, wrestling and
cycling. With the exception of the rowing held at Lake
Padarn, near Snowdon, and the road cycle racing on the
Ogmore-Ewenny-Southerndown circuit, the sports were held
in Cardiff and its immediate vicinity—among the principal
venues being Cardiff Arms Park (athletics), the Wales and
Empire Pool (swimming), Maindy Stadium (cycling) and
Sophia Gardens, Cardiff (boxing and wrestling). The com-
petitors and oflicials were housed in the Empire Games
Village at St. Athan, 17 miles from Cardiff.

The communication needs at practically all venues came
under four headings:

(@) Games organization and control of events.
(b) Press.

(¢) BB.C. and IL.T.V.

(d) Public services.

At Cardiff Arms Park the arrangements comprised
exchange lines for use by Games officials, internal telephones
for use by officials in control of actual events and ceremonial
functions, communications for dissemination of results,
public address system, mobile radio links, timing and
photo-finish, and circuits for B.B.C.,, I.T.V. and Press. A
multiphone board was provided for ceremonial purposes

. 10 4 30
whilst a 5
communication between the various starting and finishing
points, the field-event judges, the dressing room, stewards,
jury of appeal, warming-up area and recorders to enable
the Games and Ceremonials to be controlled.

The main objective in the news communications was of
course the dissemination of results to all interested parties
as quickly as possible, and a vital link in this was a “round-
robin” teleprinter network. This was essentially a tele-
printer omnibus circuit with teleprinters in the Cardiff
Arms Park, British Empire Games Headquarters, Press
Centre, Maindy Stadium, etc. Immediately results were
approved by the Controller of the Games they were passed
over the “round-robin” network by the teleprinter operator.
At Games Headquarters they were recorded for the official
record and for use in preparation of the subsequent day’s
program. At the Press Centre in Cardiff, 400 copies were
made and posted immediately in each press correspondent’s
letter box at the Centre. A new feature introduced in
Games organization at the Cardiff Arms Park was a

switchboard was used to give internal
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news-flash alarm circuit which, when operated, served to
warn about 200 Press representatives in the Press Stand
that an announcement was imminent. The representatives
heard the announcement in a headgear receiver which was
provided at each press seat.

Direct exchange lines, private wires, sound and television
circuits were provided for the B.B.C. and I.T.V. at the
principal venues in accordance with their requirements.

Two new exchanges were opened exclusively for the
occasion. Five positions on the auto-manual switchboard
at the Cardiff automatic telephone exchange were set apart
to comprise the Empire Games exchange. Empire Games
subscribers were connected to uniselectors and then to
group selectors, special O-level traffic facilities being
provided between these group selectors and the five manual
positions. The other exchange, which was specially installed
at the Empire Games Village, was a 4-position C.B. exchange
for use by British Empire and Commonwealth Games
officials, team managers and their assistants for the manage-
ment of the village and organization of the Games.
Forty-four junctions on various routes to Cardiff were
provided from the Empire Games Village exchange and
proved adequate to deal with the largest volume of traffic.

Post Office Cable and Wireless arrangements at the
Press Centre, at Empire Games Village and in a mobile van
immediately adjacent to the Cardiff Arms Park established
efficient communication to overseas newspaper offices in
Australia, New Zealand, South Africa, Canada and
elsewhere.

Wherever possible, external cabling work required for the
Games was co-ordinated with local line development needs.
In particular, it was found economical to advance cabling in
the immediate vicinity of the Cardiff Arms Park fo provide
the main exchange cable needs of the principal venues.
For example, a 1,200 pr., 4 1b/mile unit-type cable for the
Wood Street area of Cardiff was provided and used for the
Wales and Empire Pool, B.B.C. Control, Press Centre,
Games Headquarters and other needs. Subscribers’ develop-
ment cables for St. Athan exchange were provided in advance
of requirements and used for extending the Cardiff junction
circuits to Empire Games Village. Polythene cable was
used throughout in Cardiff Arms Park, where it was found
possible to provide all requirements with only two cable
joints. This type of cable is ideal for such purposes,
provided regard is paid to its protection from such hazards
as javelins, running-shoe spikes, etc.

The amount of work involved can be gauged by the fact
that approximately 2 miles of lead-sheathed cable and
8 miles of polythene-sheathed cable were provided, the
latter being recovered at the conclusion of the Games.
One hundred terminal blocks were fitted, approximately
5,000 wires jointed and 5,000 wires terminated. A total of
82 call offices, including 32 kiosks, were installed and 179
direct exchange lines were provided for the Games’ needs
and 104 for the Press.

The success of the arrangements can be attributed to
good team work on the part of all staff concerned, adminis-
trative, traffic, sales, engineering and clerical alike, while
the engineering work in the field was of the highest order.

H.D.

INSTALLATION OF FOUR SPUN CAST-IRON PIPES
ACROSS THE RIVER TAFF AT PONTYPRIDD

The provision of a multi-way duct from the Pontypridd
automatic exchange presented a difficult problem. Con-
ventionally it would have followed the main thoroughfare,
a narrow winding street which carries the main flow of
traffic between Cardiff and the industrial Taff and Rhondda
Valleys.

Such was the congestion of services in the highway that
the possibility of laying a multiple-way duct without
extensive alteration to plant already existing was slight.
The interference with traffic could only have been very
























intermediate distribution frames. Temporary connexion
strips enabled a similar translation to be done by jumpering.

The circuits were then taken out of service one by one
and diverted via the new relay-sets and the new multiple
to the old multiple, tested, and put back into service. Then
the old relay-sets were disconnected.

In this way much labour was saved by both Enginecering
and Traffic Divisions in pre-transfer and post-transfer
testing and the old relay-sets could be recovered before the
new switchboard was brought into service, thus releasing
valuable space to enable an early start to be made on the
next stage of the turn-round. Also, the operators could be
trained on the new multiple layout before the switchboard
was brought into use.

On the transfer day the operators merely staffed the new
positions, instead of the old, as they came on duty. The
plugs were then withdrawn from the multiple on the new
board and the lamps were disconnected, making the old
board inoperative and ready for immediate recovery.

It was estimated that to effect the change-over by a
break-jack system at least eight men together with a break
in service of 5 minutes would have been necessary, but the
scheme described above only required two men for 3 min-
utes to remove the plugs, and there was no break in the
service and no ‘“‘making good” was necessary after the
transfer.

FIELD TRIAL OF TERYLENE ROPE

FOR CABLING OPERATIONS IN BRADFORD

In order to eliminate rope breakages when drawing cable
into ducts, it was decided to carry out a field trial using a

continuous-filament rope in place of one made from natural
fibre such as sisal or hemp. The choice appeared to lie
between nylon and terylene, As the strength of wet nylon
is about 15 per cent less than that of dry nylon, terylene was
chosen for the trial. Terylene is also reputed to have greater
resistance to abrasion and heat, and even less moisture-
absorbing properties than nylon.

Breaking tests were carried out on a specimen of 1} in.
circumference terylene rope and it was found to fail at a
load of 2 tons, which compares favourably with the Post
Office standard 3 in. rope. A 240 yd length was purchased
and the manufacturer spliced a § in. standard swivel on one
end. This rope has now been in constant use for six months
and shows no sign of wear. Throughout this time no
attempt has been made to dry the rope, but special care
has been taken to prevent kinking, which it is thought would
open the fibres, thus causing weakness. A small butter
barrel has been found very convenient for storing the rope.

First indications would appear to show that terylene rope
has many advantages over the conventional type, such as:

(i) Greater strength, hence smaller size.

(ii) A gang could be equipped with one standard rope

instead of several different sizes as at present.

(iii) The rope is rot-proof and thus can be stored wet.

(iv) Owing to its higher extension than a natural fibre

rope immediately before breaking point, it can more
readily absorb shock loads.

(v) Longer working life.

Grateful thanks are offered for the co-operation and
advice offered by S. Ledray & Sons, rope manufacturers,
and the Fibres Division of I.C.I. J. R.

Book Review

“Plastics Progress 1957.” Papers and discussions at the
4th British Plastics Convention. Edited by Philip
Morgan, M.A. Iliffe & Sons, Ltd. 394 pp. Over
200 ill. 50s.

This volume keeps up the same high standard that has
been set by previous numbers, but differs from them in
that for the first time overseas contributions were accepted
(eight out of a total of 18 papers), so that the book is a
record of international development in many fields of
plastic technology. Many of the subjects dealt with are of
interest to Post Office engineers and scientists, as will be
realized from the following comments on the papers.

The convention was opened with a short theoretical
paper (on the “Polymerization of Olefins’) by H. F. Mark
of Brooklyn Polytechnic, and another was given by three
members of 1.C.1.

“Some Aspects of Low-Pressure Polythenes,” by Erhard
Grams, of Farbwerke Hoechst A.G., adds to our knowledge
of the low-pressure polythenes developed in the last few
years, which have attracted attention on account of their
higher softening range, greater hardness, rigidity and tensile
strength when compared with ordinary polythene.

“The Effect of Crystallinity on the Permeability of
Polythene to Gases and Vapours,” by a group of authors
from the State University of New York, deals with most
types of polythene.

“Factors Influencing Long Term Stress Properties of
Polythenes,” by a team from Phillips Petroleum of U.S.A.,
is self-explanatory.

Next, three papers deal with lightly plasticized p.v.c.,
high-impact p.v.c. and foamed p.v.c.

P.V.C. plastic tubing has been available since 1935, and
a piece of p.v.c. piping after 20 years’ service, buried in
the ground under pressure, was recently tested and found
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to have the same mechanical properties as new piping.
Polythene pipes, and particularly high-density polythene
pipes, are more recent arrivals and are dealt with by two
authors from Chemische Werke Hiils A.G.

For those concerned with the extrusion of plastics there
are two papers, by A. Kennaway of I.C.1. and G. Schenkel
of Paul Troester Maschinenfabrik A.G.

Three papers deal with injection moulding:

“The Influence of Preplasticization in Injection
Moulding,” by E. Gaspar and M. G. Munns of the
Projectile Engineering Co., Ltd.

“The Significance of Injection Rate in Moulding,” by
L. W. Meyer and L. E. Tallman of Dow Chemical Co.

“Study of Injection Moulding of Toughened Polystyrene,”
by G. Hulse and A. Z. Borucka of Monsanto Chemicals.

The difficulties of processing p.t.f.e. led to the develop-
ment of p.c.t.f.e., but the latter is liable to partial decom-
position in processing, so fresh fluorine polymers have been
developed, and an account of these, with some fresh details
about p.t.f.e., forms the basis of “Recent developments in
Fluorine Polymers,” by G. W. Bowley of 1.C.I.

The other three papers are:—

“Recent Developments in Arc Resistant Thermosetting
Moulding Materials,” by J. Hofton and C. P. Vale of
British Industrial Plastics.

“Relative Merits of Epoxide, Polyester and Phenolic
Resins in Glass Reinforced Plastics,” by L. H. Vaughan
of Bakelite, Ltd.

“Reinforced Plastics for Efficient Structures,” by W. A.
Baker of Bristol Aircraft Ltd.

Judged as an up-to-date augmentation of knowledge on
plastics this is an excellent work, but from its very nature
it cannot be used as a universal reference work to recent
progress in plastics, e.g. one does not find a reference to
polyethylene terephthalate (Melinex), or polycarbonates
and hardly anything about polypropylene. A.H W.



Associate Section Notes

London Centre

The London Centre were very sorry to hear of the death
of Mr. C. W. Brown during June. He played an active part
in the formation of the Associate Section (then the Junior
Section) and was its first president. After four years of
his presidency there were 61 Centres with nearly 3,000
members. Since the end of the war he had been a visitor
at many of our meetings, and it was with pleasure and
pride that we listened to his remarks at the Annual General
Meetings. He will certainly be missed, but those who carry
on Associate Section activities, maintaining the objects laid
down in 1932 under the guidance of Mr. C. W. Brown,
will be ensuring that his ideals for our movement will be
lasting.

The opening lecture of the 1958 session will be “The
Transantarctic Expedition” and will be given by George
Lowe, O.B.E., the official photographer to the expedition.
In October, Mr. D. C. Greenaway, a Circuit Laboratory
Associate Section member, will read a paper on ‘‘Artificial
Traffic Equipment.” November will see a visit from an
Associate Section member from the North Eastern Region—
Mr. Brasher — who will lecture on “Magnetic Tape
Recorders”; he will be using extensive sound reproduction
equipment to illustrate his lecture. This year the film show
will be held in December, and again will be of a technical
nature.

Two points which have been much discussed by the
London Centre Central Committee and Local Branch
Committees are whether to sponsor an Associate Section
Badge or Tie and an Associate Section Diary. With
reference to the former, a tie was considered to be the
better proposition, and preliminary inquiries resulted in a
price range of between 5s. 11d. and 12s. 6d. in materials from
wool to silk, with a minimum order of three dozen. Such an
order could easily be met by the London Centre, but it was
thought that other centres would like to participate.
Interested Centres should contact the Secretary at 6 Hillside
Avenue, Purley, Surrey; suggested designs would be
submitted to those Centres interested before the makers
were approached.

A diary for telecommunications engineers has long been
needed, and to this end the London Centre made tentative
enquiries of Collins; the suggested diary would contain
extracts from Collins Radio and Electrical Diaries together
with a third section devoted to telecommunications data;
the cost would ke in a similar price range to that of Collins
Radio and Electrical Diaries. Further information can be
obtained from the secretary at the address above.

As each session gets under way, the secretary has to
think of the next session’s lecture program, and the type of
program that the members really want is never forthcoming,
but the secretary endeavours to get an interesting, balanced
program. If only 10 per cent of the membership of the
London Centre submitted one idea, the secretary would be
nearer to getting a program the membership wanted. So
how about it London Centre members ? P.S.

Cornwall Centre

An inaugural meeting was held at Truro in May 1958
with an initial membership of 40; this has since been
increased to over 110. The following officers and committee
were elected for the 1958-59 session: Chairman: Mr. K. E.
Spurlock; Vice-Chairman: Mr. M. C. Locke; Secretary:
A. R. Brown; Treasurer: Mr. D. L. Moore; Committee:
Messrs. D. E. Finlay, D. Jenkins, H. H. Pearce and
G. C. Trelgilgas.

The Centre’s activities began with an interesting paper
on ‘“‘Subscriber Trunk Dialling,” by Messrs. Harris and
Wilkinson of Bristol, and will continue with visits to
Hayle Power Station and the china clay works at St.
Austell. We shall be pleased -to welcome any colleagues
who have not yet joined the Centre. A. R. B.

Bath Centre

The Winter Session opened on 16 October 1957, when
the following films were shown: “The Scientific Manu-
facture of Printing Inks,” “The Technique of Sampling”
and “The Discovery of a New Pigment.”

On 28 November 1957, Mr. M. G. Smith of Bristol
University gave an interesting lecture, illustrated by slides,
entitled ‘“‘Some Modern Theories of Cosmology,” and the
meeting concluded with a lively discussion.

The Centre was pleased to welcome Mr. H. L. Edwards
from the Bristol Arca Traffic Office on 20 January 1958,
when his paper on “‘Subscriber Trunk Dialling™ attracted a
large audience

In February Mr. P. RH. Silcon, of the British Tabulating
Machine Co., gave a lecture on “Funcnea Card Cacwmating
Machines.” The talk was introduced by a film, and
Mr. Silcon supplied some interesting literature to members.

In March a paper was given by Messrs. K. E. Wilkinson
and E. J. Harris of the Engineering Branch, Regional
Director’s Office. This paper dealt with the engineering
aspects of subscriber trunk dialling, and concluded with
questions and a lively discussion.

Once again the annual Telecommunications Ball was
held at the Pump Rooms during February and the 500
members and guests had an enjoyable evening.

At the annual general meeting the following officers and
committee were elected for the 1958-59 session: Chairman:
Mr. L. W. Vranch; Vice-Chairman: Mr. H. C. Foote;
Secretary: Mr. C. E. Martin; Treasurer: Mr. R. P. Bowers;
Assistant Secretary: Mr. D. G. Rossitter; Librarian:
Mr. A. F. Arlett; Committee: Messrs. J. D. Silcox, P. E.
Smith, R. Faulkner, I. F. Jennings and G. Rugg; Auditors:
Messrs. G. A. E. Buckley and A. W. Steer.

C.E. M.

Southend-on-Sea Centre

The annual general meeting of the Southend Centre was
held on 10 April 1958, at Southend automatic exchange.
The following officers were elected: Chairman: Mr. S. 1.
Restorick; Vice-Chairman: Mr. A. T. Humby; Treasurer:
Mr. J. Gullin; Secretary: Mr. D. W. Everett; Committee:
Messrs. G. Austin, L. W. Grant, R. E. Playle, A. N.
Topsfield and F. Wright. The meeting was followed by a
film show which included “The Rival World” and
“Foothold on Antarctica.”
The 1957-58 session can be regarded as a satisfactory one
in all respects and the membership now numbers 114.
The program was as follows:
15 October: “An Introduction to Sailing,”” by Mr.
A. P. Padbury.

29 October: “Electronics in Telephone Exchanges,” by
Mr. R. F. Howard.

19 November: “Subscriber Trunk Dialling,” by Mr.
A. L. Perkins.

20 February: “18 Channel M.C.V.F.,” by Mr. A. N.
Topsfield (at Southend).

20 February: “18 Channel M.C.V.F.,” by Mr. S. T.
Ralph (at Chelmsford).

4 March: “Further Aspects of Transmission,” by
Mr. R. Hayward.

10 April: The annual general meeting and film show.

Congratulations must be offered to the Chelmsford
contingent of the Centre on the continued support they
give at winter meetings despite the long journey and, often,
inclement weather. It is to be hoped that their numbers
will soon be sufficient for them to form their own Centre.

The summer program has included visits to Hanningfield
Reservoir, Southend Gasworks, Mann & Crossmans
Brewery, the Star newspaper, Brentwood Radio Station,
Stratford locomotive works and signal box, Guinness and
Bristows.
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The committee have arranged the winter program and,
with subjects such as the magnetic drum, transistors and
stereophonic sound, this promises to maintain the high
standard so far achieved. In addition, the London Centre
has kindly invited us to the lecture on ““The Transantarctic
Expedition” to be given by Mr. George Lowe, O.B.E., and
a coach is being organized.

In conclusion, may the committee thank the members of
the Centre for the active support given during the past
year; we look forward to an equally successful session
for 1958-59.

D. W. E.

Aberdeen Centre

Office bearers were duly elected at our annual general
meeting and we have a full program arranged for the
1958-59 session.

Our first talk, in September, was entitled “The Four
Divisions,” Junior members of the staff, one from each
of the divisions, Sales, Traffic, Clerical and Engineering,
gave an outline of the duties performed by their respec-
tive divisions. This was followed by a short account of
the “New Financial Set-Up,” as applying to our department,
given by a senior member of the clerical staff,

It is the committee’s intention to produce a paper which
will give information about the “Functions of the Four
Divisions,” the ‘“‘Financial Set-Up,” “A.N. Procedure,” etc.,
and the basis of this paper will be provided by the meeting
referred to above. The paper will be included in our local
library and will be available to any Associate on application.

J.G. P,

Bangor Centre

We are glad to report that Bangor is once again in the
fold after an absence of nearly 20 years. In 1932 a few
enthusiasts formed the Bangor Junior Section, which
operated successfully until 1939, when its activities were
suspended because of the war; unfortunately they were not
resumed on cessation of hostilities.

During the latter part of 1957 some of the old members
were approached with a view to re-forming an Associate
Section Centre and to explore the possibility of enrolling
members. The response was more than gratifying and the
new Centre was opened with a membership of 86. (This
number has since been increased to 100.)

The inaugural meeting was held on 23 January 1958 at
the new telephone exchange building under the chairman-
ship of Mr. T. A. P. Colledge, Area Liaison Officer. The
officers and committee elected were as follows: Chairman:
Mr. E. F. Lambert; Secretary: Mr. O. E. Jones; Treasurer:
Mr. R. R. VWilliams; Committee: Messrs. W. Roberts,
J. Jones, V. Griffiths, I. W. Owen, J. E. W. Jones, E. G.
Hughes and E. James.

Mr. F. E. Wallcroft, Regional Liaison Officer, addressed
the meeting and outlined the aims and principles of the
LP.O.E.E. Mr. J. R. Young, Senior Section Secretary for
Wales & Border Counties, gave a detailed account of the
history of the L.P.O.E.E. Senior and Junior (Associate)
Sections and also of the Post Office Engineering Depart-
ment, and followed his address with a series of most
interesting lantern slides.

The session was completed with three more meetings:

February: ‘“The Transatlantic Telephone Cable,” by

Mr. H. G. S. Peck, B.Sc., M.LLE.E.
March: “Communications of Interplanetary Travel,”” by
Mr. T. A. P. Colledge, B.Sc., M.L.E.E., Area Engineer.
April: Film Show of “T.A.T. Cable,” “Radar Goes to
Sea™ and ‘“Power for Ships.”

The committee wish to express their thanks to all who
have contributed towards the setting up of the Centre, and
especially to Messrs. T. A. P. Colledge and J. R. Young for
their invaluable assistance and support. We extend an
invitation to all eligible non-members to enrol now and
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would be pleased to see a stronger representation of the
external staff.
An interesting program is being drawn up for the
coming session.
O.E. L

Lincoln Centre

After a dormant period of three years a meeting was held
with a view to re-forming the Lincoln Centre. The following
officers were elected: Chairman: Mr. J. Rossington;
Vice-Chairman: Mr. J. Stilgoe; Secretary: Mr. R. Bell;
Treasurer: Mr. A. E. Clayton; Committee: Messrs.
W. Barnes, A. Dart, B. Goldson and T. Scarborough.
The arrangements for the forthcoming 1958-59 session
are well in hand and include the following:
16 October: “Printed Circuit Technique,” by Mr. J. W.
Willmot.

17 November; “My Work in the Courts,” by Judge
Ralph Shove.

10 January: Visit to the British Sugar Corporation,
Bardney Factory.

9 February: ‘“Mechanical Developments in Telecom-
munications,” by Messrs. E. W. C. Hubbard and
G. L. Mack of the Engineer-in-Chief’s Office Circuit
Laboratory.

R. B.

Sheffield Centre

An attendance of 45 at the annual general meeting on
30 May 1958 was very encouraging. Discussion was
lively and some helpful suggestions were made by members.
The outgoing officials and committee were all re-elected,
as follows: Chairman: M. J. McInnes; Vice Chairman:
Mr. F. S. Brasher; Secretary: Mr. G. T. Ridsdale;
Assistant Secretary: Mr. K. T. Gray; Treasurer: Mr. C. S.
Shepherd; Librarian: Mr. G. Woodhouse; Scribe: Mr. J. E.
Simmons; Registrar: Mr. C. B. Gray; Auditors: Messrs.
F. Bough and S. G. Cole; Committee: Messrs. J. Brown,
S. Cottage, F. Gosling, A. Knowles and J. Watts.

In addition, Mr. W. Wilks was elected as representative
for the Worksop outstation and Mr. P. Sorby to represent
the Youths.

On 10 June we took a 41-seater coach to Liverpool, and
while 26 of us visited the Automatic Telephone & Electric
Co.’s works, the remainder, with wives and friends, went
sightseeing and shopping, though visibility was somewhat
limited by mist and rain. At the Automatic Telephone &
Electric Co., we could not have been made more welcome;
an excellent lunch was served on arrival, and we took tea
before leaving. During lunch some members renewed
acquaintance with a former colleague, Jim Bridges, now in
the design laboratory. Later our Liaison Officer, Mr. T. C.
R. Harrison, met ex-colleagues he had not seen since the
installation of the first Leeds automatic exchange in 1918.

Although our visit was limited to the telephone section
of the works, we found plenty to interest us. In the huge
rack-assembly shop we saw equipment destined for many
parts of the world, including a trunk-test suite for the new
Manchester Pioneer Exchange and carrier bays for
Venezuela.

A self-supporting magazine club was started early in the
year and is now running well under the organization of
Jim Watts. Members pay two shillings per year for each
magazine they wish to see, and at the moment have a choice
of five technical or practical publications. Sufficient copies
are purchased to restrict the circulation of each to about
12 members.

Our future program includes visits to the British Iron
and Steel Research Association and to Firth-Vickers new
stainless-steel-strip rolling mill, and a lecture-demonstration
on radiology at a local hospital.

We would like to express our sincere thanks to Mr, R. W.
Palmer, the retiring President, for his very keen support
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during his term of office with the Associate Section and to
welcome to the Presidency Mr. A. H. Knox who, we are
assured, has a very lively interest in our activities. We
extend to you, Mr. Knox, an open invitation to pay us a
visit whenever convenient.

J.E. S.

Leeds Centre

At the annual general meeting in April the following
officers were elected for the 1958-59 session: Chairman:
Mr. C. Baker; Secretary: Mr. E. Lancaster; Librarian:
Mr. J. Harris; Committee: Messrs. Bateman, Bates,
Cotterill, Crowther, Newton and Senior.

It was agreed by the members present that the Leeds
Centre had enjoyed a very varied and successful year, and
there was no reason why this should not continue. The
meeting was concluded by a combined film show of
technical and travel films.

On Wednesday, 18 June 1958, a visit was paid to the
Melbourne Brewery, Leeds, by 27 of our members; much
interest was shown in the methods of brewing, and the
guide explained these details very fully. Members were
invited into the “Step Inn,” the local hostelry on site, and
were able to sample the finished product; it was generally
agreed that the visit had been most instructive and enter-
taining.

The Leeds Centre arranged a comprehensive program for
the winter season comprising the following:

Program 1958-59: All meetings at the ‘‘Griffin Hotel,”

Boar Lane, Leeds.
Thursday, 19 September 1958: “Transatlantic Systems,”

by Mr. P. T. F. Kelly, Main Lines Development and
Maintenance Branch, Engineering Department.

Wednesday, 8 October 1958: Visit to Messrs. Mullard’s
Government Valve Factory, Blackburn. (12 members.)

Thursday, 13 November 1958: Visit to Automatic
Telephone & Electric Co., Ltd., Edge Lane, Liverpool.
Whole-day visit.

Monday, 24 November 1958: “Permanent Magnets
Summarized,” by Mr. F. G. Tyack, AM.LLEE,,
Messrs. James Neill & Co., Ltd., Sheffield.

Wednesday, 10 December 1958: Centre dinner and social
evening at the “Old Fox,” Wetherby.

Friday, 6 January 1959: Visit to Messrs. James Neill &
Co., Ltd., Steel Works, Sheffield.

Thursday, 19 February 1959: “Promotion and Appraise-
ments,” by Mr. A. H. C. Knox, President of the
Associate Section.

Friday, 20 March 1959: Visit to Ericsson Telephones,
Ltd., Beeston, Nottingham.

Tuesday, 14 April 1959: “Recent developments in Aerial
Cable Construction,” by J. Bluring, External Plant
and Protection Branch, Engineering Department.

May 1959: Visit by air to London Airport, visiting
airport communications systems, etc. Flying by

B.K.S. Airways from Yeadon Airport. (Meals
provided.)

June 1959; Visit to British Relay Wireless relay station,
Leeds.

The chairman and committee look forward to secing
members and prospective members during the coming
season and a warm welcome is extended to all.

C.B.

Book Review

“Techniques of Magnetic Recording.” J. Tall. Macmillan;
New York and London. pp. xxiii + 472. 112ill. 55s. 6d.

1t is, surprisingly, little more than 10 years since magnetic
tape recorders first became generally available. Now they
are ubiquitous not only in scientific establishments but also
in education, commerce and the home. This book has been
written with the excellent intention of providing those
unskilled in the art with a text-book which describes, in
non-technical language, the theory and the techniques of
magnetic recording. Unfortunately, in order to write on
scientific subjects in a way which is both accurate and
“popular” it is necessary to have a very sound grasp of
fundamentals coupled with a dash of genius. Few authors
have wholly succeeded at the task.

It is, therefore, not surprising that the early chapters of
this book, which are devoted to theory, are the weakest.
Whilst the overall picture of the subject is adequate, within
the limitations which the author has set himself, the text is
frequently marred by statements that are obscure or even
inaccurate. For example, the following description of the
nature of sound leaves something to be desired—“One
cycle of sound is made up of two excursions of sound, one

advancing from nothing to its maximum and back to zero
value in one direction, the other doing the same thing in the
other direction.” Mr. Tall refrains (very wisely in the
present state of our knowledge) from explaining why a.c.
bias reduces distortion and contents himself with describing
its effects. It is a pity that more authors have not followed
his example. -

In the later chapters, which are devoted to techniques and
applications, the author is obviously writing from his own
practical experience. These chapters contain much material
which should be useful to those employed in recording
studios or who wish to use recording as an aid to teaching.
Once again, however, technical errors crop up here and
there. On page 393, for instance, the subject of impedance
matching between apparatus is not understood.

The book includes sections by other authors on the
recording of sound in nature and in various aspects of
medical practice and also chapters on data and facsimile
recording.

There is a glossary of technical terms which has some
unusual statements and omissions. For example, wow and
flutter are nowhere defined. The bibliography is extensive
and useful.

R.R. W.
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Staff Changes

Promotions
Name Region Date Name Region Date
Assistant Engineer-in-Chief to Director of Research Assistant Engineer (Limited Competition)—continued
Halsey, R. J. .. E.-in-C.O. .. 2.10.58 Tickner, E. J. .. E.-in-C.O. .. 27.5.58
R . X . Lockwood, R. R. H.C. Reg 27.5.58
Staff Engineer to Assistant Engineer-in-Chief Endacott, L. S.W. Reg 27.5.58
Williams, H. E.-in-C.O. .. 2.10.58 Hart, J. J. E.-in-C.O 27.5.58
B R. W. 27.5.58
Senior Principal Scientific Officer to Deputy Director of Research Tﬁgfﬂ w. I\;IVV];/ Cl'{eg 27.5.58
Richards, C. E. E.-in-C.O. .. .. .. 16.7.58 Foreman, C. H. L.T. Reg. 27.5.58
. H. . 27.5.58
Deputy Chief Regional Engineer to Staff Engineer Iféfgl(i%’ % H IS\? %E/. Reg. . 27.2.28
Salter, L. F. L.T. Reg. to E.-in-C.O. 21.7.58 Forsyth, R. .. E.-in-C.O. . 27.5.58
Webb, K. S. J. N.W. .. 27.5.58
Assistant Staff Engineer to Staff Engineer Blﬁ‘nett, A. N. Scot. Reg 27.5.58
Freebody, J. W. H. E.-in-C.O. .. 7.7.58 Harris, R. K. .. W.B.C. 27.5.58
Davison, G. N. E.-in-C.O. .. 7.7.58 Roberts, L. W. E.-in-C.O 27.5.58
Mitchell, H. T. E.-in-C.O. .. 16.7.58 Parr, G. R. W. E.-in-C.O 27.5.58
Bray, W.J. .. .. E.in-C.O. .. 16.7.58 )
Leigh, H. B . ETE. - 29.9.58 Inspector to Assistant Engineer
Cook, A. .. E.in-C.O. .. 2.10.58 Waters, J. G. .. H.C. Reg 2.6.58
Irons, W. J. S.W. Reg 25.2.58
Regional Engineer to Staff Engineer Tr Orflflel‘ , T .. Scot. 15-2-23
And E W H.C. Reg. to E.-in-C.O. ..  16.7.58 Manley, E. H. S.W. Reg 25.1.
feerson, €. Reg. to E-in-C 6 Bass, J. L.T. Reg 3.6.58
Area Engineer to Regional Engineer vaegman VI‘}I '1]:: A. II:'¥ ﬁeg -;’é ;gg
i . 6.5 ebster, i .T. Reg .8.
o L M. N W Reg. - 038 | Alderslade, R, L.T. Reg 1858
’ Gourlay, C. D. N.W. Reg 2.7.58
Executive Engineer to Area Engineer Hodgson, S. H. N.W. Reg 2.7.58
Jalland, K. F. W.B.C. to Scot. .. .. 7.7.58 Technical Officer to Assistant Engineer
Executive Engineer to Senior Executive Engineer giﬁgfgtﬁ JT IIjI'lé I}{eg 15.4.58
- .C. Reg 17.4.58
Rapkin, L. W. L.T. Reg. .. .. .. 1.5.58 Flemmg, M. Scot. 12.4.58
Rogers, D. M. L.T. Reg. .. .. .. 26.6.58 Murray, J. S. Scot. 21.4.58
Bastow, F. J. E.-in-C.O. .. 26.6.58 Kidd, . M. .. Scot. 16.5.58
Laver, K. S. E.-in-C.O. .. 30.6.58 Statham. H. W. W.B.C 1.1.58
Beck, E. H. A. E.-in-C.O. .. .. .. 29.7.58 Owen, P o W.B.C 1.1.58
Herbert L.J. . L.T. Reg. .. .. .. 1.8.58 Roberts, J. . W.B.C. 17.2.58
Executive Engineer to Public Relations Officer Iﬁg}g{ l]{)hl/é Ié'_lin-léego 0 E. -1n-C 0. %Zggg
Lewis, W. J. Mid. Reg. .. .. .. 6.2.58 Caunt, E. . E.-in-C.O. 31.5.58
. . , . Clark, R. M. .. N.E. Reg. to E -in- C 0. 24.5.58
Assistant Engineer to Executive Engineer Rogers, C. M. E.-in-C.O. 24.5.58
Aldrich, G. A. .- L.T. Reg. 16.5.58 BelLR. L. .. L.T. Reg. to E-in-C.0. 24.5.58
Knight, J. S. .. .. Scot. 12.6.58 Brand, W. W. E.-in-C.O. 24.5.58
. i L. . Joyce, L. A. .. E.-in-C.O. . 24.5.58
Assistant Engineer (Limited Competition) Vanlint, H. T. .. L.T. Reg. . 14.4.58
Hart, M. E.-in-C.O. .. 5.5.58 Robinson, S. G. N.W. Reg. . 6.5.58
Jefferis, A. K. H.C. Reg. .. 5.5.58 Andrews, J. H. N.W. Reg 22.5.58
Fitton, D. .. Mid. Reg. .. 5.5.58 Hallett, K. L. .. E.T.E. 5.5.58
Oakes, B.A. .. E.-in-C.O. .. 5.5.58 Elliott, C. W. R. P. ET.E. 4.6.58
Hulse, R. A. .. Mid. Reg. .. 5.5.58 Price, C. H. .. S.W. Reg 28.10.57
Parker, R. J. .. H.C. Reg. .. 5.5.58 Gordon, K . E.T.E. 4.6.58
Mardon, H. .. .. N.E. Reg. .. 5.5.58 Pearson, H. W, Mid. Reg 6.8.57
Hogge, D. M. .. Scot. 5.5.58 Phillips, W. S. W.B.C 10.2.58
Mason, J. A. .. .. WBC .. 5.5.58 Eastcote, D. V. C. Mid. Reg 10.3.58
Brooks, M. .. .. E.-in-C.O. .. 5.5.58 Wright, E. O. .. L.T. Reg 1.9.57
Wilson, S. B. .. N.W. Reg. .. 27.5.58 Tait, J. W. Scot. 14.6.58
Hooks, M. J. H.C. Reg. .. 5.5.58 Milne, J. M. Scot. 23.6.58
Drinkwater, T. J. E.-in-C.O. .. 5.5.58 Ferris, T. A. .. L.T. Reg. to E.-in-C.O. .. 28.6.38
Roberts, D. F. H.C. Reg. .. 5.5.58 Roberts, D. G. N.W. Reg. to E.-in-C.O. .. 5.7.58
Rand, L. C. E.-in-C.O. 5.5.58 Archer, L. . N.E. Reg. to E.-in-C.O. 28.6.58
Shaw, E. H. E.-in-C.O. 5.5.58 Watt, B. B. N.E. Reg. to E.-in-C.O. 28.6.58
Tasker, B. .. Mid. Reg 5.5.58 Curtis, F. J. .. L.T. Reg. 16.5.58
Evans, P. R. L. S.W. Reg 5.5.58 Jacquest, H. C. L.T. Reg. 7.7.58
Bedford, R. A. E.-in-C.O 5.5.58 Smith, R. E. L.T. Reg. 14.5.58
Parsons, E. P. L.T. Reg 5.5.58 Kelly, T. J. L.T. Reg. 7.6.58
Peters, D. G. .. .. LT.Reg. .. 5.5.58 Lord, J. N.W. Reg. 25.7.58
Ward, A. W. .. .. gvvg 1]§eg. .. gggg Butcher, C. S. N.W. Reg. 25.7.58
Prtle,J. .. .. W. Reg. 5.
Bartlett, B. B. T.C. Res. 27.5.58 Technical Officer to Inspector
Matthews, W. P. Mid. Reg. 27.5.58 Carrington, H. G. S.W. Reg. 1.1.58
Tavener, A. .. E.-in-C.O 27.5.58 Davis, L. V. S.W. Reg. 19.5.58
Moore, C. H. S. L.T. Reg 27.5.58 Bowler, L. C. S.W. Reg. 8.4.58
Royston, R. .. Mid. Reg 27.5.58 Finall, W. T. L.T. Reg. 18.5.58
Whyte, J. D. .. H.C. Reg 27.5.58 Reeve, K. W. E. H.C. Reg. 22.5.58
Hushes, R. M. E.-in-C.O 27.5.58 Hore, J. H. .. S.W. Reg. 17.2.58
L]
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Promotions—continued.

Name Region Date Name Region Date
Technician I to Inspector Technician I to Inspector—continued _
Goatley, R. E. J. H.C. Reg. .. 28.3.58 Clark, R. H. N.E. Reg. 3.2.58
Bowen, R. G. .. N.I. .. 14.5.58 Beevours, J. H. N.E. Reg. .. 2.5.58
McCadden, W. H. N.I.. 14.5.58 Noble, E. J. W. N.W. Reg. .. 2.7.58
Hart, A. A. .. L.T. Reg. 14.5.58 Lloyd, G. W. .. N.W. Reg. .. 21.7.58
Duckmanton, E. J. L.T. Reg. 12.5.58 Smith, A. Y. O. N.W. Reg. .. 25.7.58
Collins, J. A. .. L.T. Reg. 19.5.58 - S . —
Terry, R.F. .. L.T. Reg. 1.5.58 Senior Scientific Officer to Principal Scientific Officer
Ricketts, J. C... L.T. Reg. 14.2.58 Shotton, D. C. E.-in-C.O. .. .. 7.7.58
Litchfield, A. .. L.T. . 4.
Kling, eE. w. .. L}. ggg %‘9‘523 Assistant Experimental Officer (Open Competition)
Tinsley, W. A. L.T. Reg. 13.3.58 Wills, W. G. .. E.-in-C.O. .. 2.6.58
Olive, J. T. S. L.T. Reg. 11.5.58 Balsom, P. M. E.-in-C.O. .. 4.7.58
Wright, E. J. .. L.T. Reg. 17.4.58
Rumsey, A. C. E. L.T. Reg. 12.5.58 Assistant Regional Motor Transport Officer to Motor Transport
Duke, L. R. . L.T. Reg. 28.4.58 Officer 11
Green, J. C. H.C. Reg. 28.5.58 Green, G. A. .. London Reg. to E.-in-C.O. 8.5.58
Hodges, F Mid. Reg. 10.2.58
Durant, D. L. Mid. Reg. 2.6.58 Technical Assistant I to Motor Transport Officer 111
Parker, E. C. .. L.T. Reg. 16.7.58 |, Hicks, A. P. E.-in-C.O. .. . 3.7.58
Whybrow, C. S. L.T. Reg. 7.7.58 [ Lord, A. C. E.-in-C.O. .. 3.7.58
Retirements and Resignations
Name Region Date ’ Name Region Date
Director of Research 1 Assistant Engineer—continued
Little, G. J. S. E.-in-C.O. .. 1.10.58 Campbell, H. .. N.W. Reg 6.6.58
Staff Engi Malcolm, H. .. Scot. 6.6.58
Staff Engineer Padgham, F. S. H.C. Reg 9.6.58
Smith, W. F. E.T.E. 28.9.58 gnﬁh’ S. Cd & ?_C. Reg %gggg
; : alderwood, R. cot. .6.
Reglonal Engineer NW. R oasg | Wall.C.G. W.B.C. 30.6.58
1ack, w. H. .. -W. Reg. .. o Dawson, F. N.E. Reg. 30.6.58
Senior Executive Engineer ]gtanliy’HH II:IIE geg. 2%:’/25
: oy rook, H. .. .E. Reg. .
Winch, B. E.-in-C.O. .. 11.6.58 Stanley. J. W. WBC 27758
Executive Engineer Green, G. L.T. Reg. 30.7.58
Roche, J. T. ’ E.-in-C.O. .. 6.6.58 Jeffries. H. A. L.T. Reg. 31.7.58
Plant, F. .. N.W. Reg. .. 26.2.58 Denny, W. H.. E.T.E. 31.7.58
Cleary, C. L. .. S.W. Reg. .. 17.4.58
Dean, G. A. .. W.B.C. 30.4.58 M
: incent, P. A.. L.T. Reg. 10.5.58
Wright, G. T. Scot. 5.5.58
Ball, W. E. . L.T. Reg. 16.5.58
Ovenall, E. W. L.T. Reg. .. 21.5.58
M]sselbrook V. G. L.T. Reg. 17.5.58
Cooper, L. E. H.C. Reg. .. 31.5.58
Hill, E.. H.C. Reg. 21.5.58
Rance, A. W. .. H.C. Reg. .. 30.6.58
Lockie. J Scot 2758 Plank S. 1. . H. C. Reg. . 25.5.58
> : o Crawford C. H. N.W. Reg. . 24.6.58
Assistant Engineer Dye, R. J. Scot. . 14.6.58
Fisk, F. G. N.W. Reg. .. 9.5.58 Fedarb, E. w. L.T. Reg. . 15.7.58
Hart J. L.T. Reg. .. 22.5.58 Rutter, T. . N.W. Reg. . 16.7.58
Dolman, E. F. Mid. Reg. .. 23.5.58 Andrews, H. A. S.W. Reg. . 26.7.58
Richardson, R. N.E. Reg. .. 30.5.58 Whittard, A. C. L.T. Reg. . 29.7.58
Palmer, O. A. H.C. Reg. .. 31.5.58 -
Wright, P. G. (Reszgned) E.-in-C.O. .. 26.5.58 Leading Draughtsman
Clarkson, W. H. N.W. Reg. .. 8.6.58 Gaulley, A. G. Mid. Reg. .. .. .. 7.4.58
Roe, A. J. N.E. Reg. 17.6.58 Lennon, W. D. L.T. Reg. .. .. .. 30.4.58
Transfers
Name Region Date Name Region Date
Senior Executive Engineer Assistant Engineer—continued
Chappell, A. J. N.W. Reg. to E.-in-C.O. .. 16.6.58 Nash, L. C. .. Cyprus to E.-in-C.O. .. 30.7.58
Barnett, N. V. E.-in-C.O. to Nigeria .. 4.8.58
Executive Engineer Price, R. J. Pakistan to E.-in-C.O. 6.8.58
Allan, J. M. .. E.-in-C.O. to Scot. .. 6.5.58
Glanville, J. H. E.-in-C.O. to H.C. Reg. .. 2.6.58
Shaw, S. . E-in-C.O. to H.C. Reg., ..  9.6.58 Motor Transport Officer Il
Gilover, A. G. E.-in-C.O. to WB.C. 30.6.58 Shann, D. E. W. E.-in-C.O. to London Reg. 9.6.58
Moffati T I\figeria {0 E-in-C.O. o 4.8.58 Short, R. . E.-in-C.O. to London Reg. 9.6.58
Turner, G. E. .. E.-in-C.O. to N.W. Reg. .. 5.8.58 Technical Assistant I
Assistant Engineer James, H. S. E.-in-C.O. to London Reg. 6.6.58
Reddyhoff, G. E.-in-C.O. to Admiralty .. 28.5.58 ]
Milliner, D. E.-in-C.O. to Nigeria 19.7.58 Executive Officer
Hammond, E... E.-in-C.O. to D.S.I.R. 21.7.58 Thurlow, J. E.-in-C.0O. to A.G.D. 15.4.58
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Precision Measur \\\\\\\i\i

Instruments and
Measuring Equipm

AS leading manufacturers of
precision instruments for specific
requirements and applications,
Ernest Turner have over 35 years of
experience in dealing with the
problems of instrumentation in a
rapidly advancing industry. In
radio, television, nucleonics,

air and marine navigation, medical
research, telecommunications, atomic power; in
Britain and in many other parts of the world—
in tropical and temperate climates—on land,
sea and in the air Ernest Turner instruments
are giving reliable service.

*

ERNEST TURNER ciectricAL INSTRUMENTS LTD. Full details of all Turner

instruments and equipment
HIGH WYCOMBE  BUCKS  ENGLAND are contained in Catalogue
Tel Wi wrcomst 1o 21 Cables Goustous HiGH WICOMBE No. 85, available on request.

Whatever the conditions, pipes, cables, conduits, etc. can be
protected by Denso tape . . . above or below ground . . . or under
water. b

Corrosion prevention by the appropriate Denso method is
complete and enduring,.

_ Emergency repairs wrapped with Denso Tape are secure against
moisture and dirt.

For all sealing and plugging,
whether temporary or permanent,

Denso Mastic H.D. is invaluable,
and our new booklet gives full
information.

WINN & COALES LTD., DENSO HOUSE, CHAPEL RD., LONDON, S.E.27

Telephone: GIPsy Hill 4247 (PBX) Telegrams: Denselte, Westnor, London
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HAVE A LARGE DISSIPATION
FOR THEIR SIZE

ARE SUITABLE FOR HIGH
TEMPERATURE OPERATION

SenforCel
SILICON

HAVE A LOW TEMPERATURE
CO-EFFICIENT OF VOLTAGE

ARE SUITABLE FOR USE AS
REGULATORS, LIMITERS,
SURGE SUPPRESSORS,
AND VOLTAGE REFERENCES

ZENER
DIODES

Z 2 SERIES THE FIRST GOMPLETE RANGE
OF CLOSE-TOLERANGCE ZENER
DIODES AVAILABLE FROM

PRODUCTION

P Z2 SERIES ZENER DIODES
” ~ 59 Volitage Tolerance ] +109%, Voltage Tolerance | 4-20%, Voltage Tolerance
”~ (Red and Green Sleeves) | (Red and Yeliow Sleeves) | (Red and Blue Sieeves)
NOM, NOM. NOM.
_ TYPE VOLTAGE TYPE | vOLTAGE TYPE VOLTAGE
Z2A33 3.3 Z2A 3
7 -~ Z2A36 3.6 3 33
P Z2A39 39 Z2A39 39 22A33 3.3
P Z2A83 43
P Z2A47 4.7 Z2A47 47
Pd Z2ASI 5.1 Z2A47 47
yd zzﬁss 5.6 Z2A56 5.6
Z2A62 6.2
/ Z2A68 6.8 Z2Aé8 6.8 Z2A68 €8
Z2A75 7.5
|I —=—=— o i 72482 8.2
. Z2A100 10 Z2A100 10
Z2A100 io
\ ACTUA[ S/ZE Z2A110 11 Z2A120 12
Z2A120 12 Z2A150 15
\ Z2A130 13 Z2A150 5
~ -~ Z2A150 15
— . ———— RE——
Characteristics and ratings of SenTerCel Zener Diodes are given in publication SIL/I03A

Srandard Telephones and Cables Limifed

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

RECTIFIER DIVISION

EDINBURGH WAY . HARLOW - ESSEX







THE NEW ‘FLATPOT' POTENTIOMETER

This most recent addition to the comprehensive range of Painton
potentiometers provides the electronic industry with a robust
subminiature component that has been developed primarily for use
with printed circuits, although its general design makes it eminently
suitable for a wide range of applications; it is particularly useful
where c.onditions of vibration pose problems for the design engineer.
Its unusual ‘linear’ construction simplifies mounting and stacking
where chassis space is at a premium.

The potentiometer winding, slider and
drive are totally enclosed by a nylon
filled plastic housing.

The slider is driven by a lead screw,
whose head projects from the hous-
ing, permitting fine adjustment and
resulting in stable settings.

The unique construction ensures
rigidity and strength and minimises
the likelihood of oxidation of the
contact surfaces. \

Damage to the mechanism by over-
winding is obviated by a slipping nut
device.

Straight or 90° terminals are avail-
able.

Gaps between terminals and distance
between the two locating holes con-
form to the O.1 inch module common
in printed circuit boards.

Range: 10 2 to 10K

Tolerance: 10%,

Power Rating: 1 watt at 20°C ambient
No. of turns from Zero to maximum
resistance: 25

Insulation Resistance: in Excess of
1000M SN

Weight: 0.1 oz. (approx.)

Write for technical leaflet

316510

1250 ‘
~1-000 —————i

Painton & Co.Ltd.

KINGSTHORPE NORTHAMPTON
Tel: 32354-5-6 Telegrams: ‘Ceil, Northampton’
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