NOVEMBER 1952

Revolution in

Report* is a disappointing document. As the
period with which it deals ended in March, 1952,
there is no comment on the terms of the new Charter,
the official views on which should make interesting
reading. The opening part of the Report will arouse
some sympathy with the Corporation, which of late
has suffered from having too many masters. Pro-
longed uncertainty as to its fate must have brought
about an unenviable feeling of frustration, but, in
spite of all these troubles, there is solid progress to go
on record, particularly in the television service.
Naturally enough, most of the Report deals with
programme and administrative matters which are not
our main concern. To us the most :interesting part
is that dealing with the future of the sound service.
Great emphasis is laid on the fact that, so far as
British broadcasting is concerned, long and medium
waves have had their day. The position on these
wavelengths has long been unsatisfactory, and is
deteriorating; the only hope of improvement lies in
the use of metre waves to augment, and ultimately
to replace the present system. The Report goes so
far as to admit that, during the winter, the B.B.C.
was forced, in an attempt to reduce the jamming
trouble, to make “technical adjustments” (presum-
ably over-modulation) to all high-power stations.
Some improvement in signal strength was produced,
but at the expense of “slight distortion during loud
passages.”

IN at least one respect the recently issued B.B.C.

Problems of Waveband Changing

The suggested change of the present wavebands
to metre-waves is, of course, a revolutionary one
which poses all kinds of problems—technical,
economic and political. The general idea of such a
change was envisaged in the new E.B.C. Charter,
which, indeed, specifically laid down that frequencies
higher than 30 Mc/s were to be used for any stations
needed to provide improved coverage of the country.
But no detailed scheme for providing a national ser-
vice has yet been made public, though the B.B.C. laid
before the Government early last year a plan for a

* Annual Report and Accounts of the British Broadcasting Corpora-
tion for the Year 19851-52. Cmd. 8660, HM.L.0. 4s 6d.
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Broadcasting

chain of v.h.f. frequency-modulated stations to cover
almost the whole of the United Kingdom.

Before any change can be made, plans must be
approved by the Postmaster-General, who in his turn
must be advised by the Television Advisory Com-
mittee, which, as we reported recently, was to be
reconstituted and strengthened to take under its wing
the problems of v.h.f. sound broadcasting as well as
television. Unfortunately, from the point of view of
those who want to see something happen quickly in
these spheres, the Television Advisory Committee
seems likely to stand in need of reanimation as well
as reconstitution; at the time of writing the Com-
mittee has held no meetings for over a year. When
it does resume activities, the agenda looks like being
a full one. According to the plan laid down by the
Government, the T.A.C. must, after preparing a
report on the recommended characteristics of v.h.f.
sound broadcasting, turn to the even more contro-
versial issue of sponsored broadcasting, and the con-
ditions under which it should be licensed.

Broadcasting of the Future

Except for the fact that under present circum-
stances the T.A.C. is likely to be overloaded with
work, Wireless World sees nothing wrong in the idea
of a single advisory body dealing with both sound
and vision. Though it would be indeed rash to
speculate on the future of broadcasting, it seems
likely that the two services may well be so closely
merged that there will be no clear dividing line
between them. But, if v.h.f. is to become the main,
or perhaps the only, vehicle for sound, the anoma-
lously named T.A.C. will assume an importance much
beyond its present standing and will become the body
to advise the Government on all broadcasting
problems. In a sense, it will become another of the
B.B.C.’s masters, of which, as we have said, there
are already too many. The new director-general of
the Corporation, Sir Ian Jacob, will need all his skill
and firmness of purpose in directing the Corporation
through the troubles that lie ahead. Revolutionary
changes have been proposed in both sound and
vision, and at no period of the B.B.C.’s existence has
there been greater need for a firm directing hand.
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Metal Cone

Loudspeaker

Principles Underlying the Design of

the G.I.C. High-quality Reproducer

By F. H. BRITTAIN

prime duty was to make a loud sound; some-

thing more than the whisper which was all
that the telephone could produce. At that time, poor
magnetic materials restricted the sensitivity of the
loudspeaker, whilst the small output power of the
amplifiers then in use made the reproduction of loud
sounds rather difficult to achieve. The result was that
sensitivity was sought at almost any price.  That
price was nearly always the uniformity of the fre-
quency response of the loudspeaker, which was so
woefully inadequate that other types of distortion
were scarcely noticed.

Frequency Response.—Under these conditions, it
is not surprising to find that much attention was paid
to the frequency response curve, which, at that time,
gave a fair indication of the performance of the
loudspeaker. In order to study the frequency re-
sponse of the loudspeaker, it was necessary to
measure it under conditions which did not modify
its behaviour, that is, in the equivalent of free space.
Incidentally, it is believed that the first echo-free
room to be built for this purpose in this country was
constructed at the Research Laboratories of The
General Electric Company in 1930.

WHEN loudspeakers were first introduced, their

* Rescarch Laboratories of The Gencral Electric Company.
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Fig. 1. Cone break-
. up in radial modes
" at medium fre-
. quencies is little
| affected by the
'S introduction of
circular ribs.

Harmonic Content.—As time went on, the fre-
quency response of loudspeakers was greatly im-
proved, and it was no longer the overriding
consideration that it once had been. With this im-
provement in the frequency response, other forms of
distortion, which had previously passed unnoticed,
came into prominence. By the year 1934, it was
realized that far more information was required for
the appraisal of a loudspeaker than was provided by
the frequency response curve alone. Accordingly,
the measurement of the harmonic content of a loud-
speaker output was undertaken.

The results showed that some of the loudspeakers
which had the best frequency response had also the
worst harmonic distortion.  This was particularly
true of the “curved” or “flared” cone which was
introduced at about this time. Before the advent of
the “curved” cone, there were two methods in general
use for reducing the prominence of the main high-
frequency peak in a moving-coil loudspeaker., In the
most usual method, this resonant peak was reduced
by the use of a soft paper cone with considerable
internal damping. The softness and internal damp-
ing of the paper were very difficult to control and
both the “blocking” operation in the manufacture
of the cone and its final waterproofing caused con-
siderable variation in its internal damping. This had
the unfortunate result that the cones varied in soft-
ness during a production run, giving rise to a varia-
tion in the quality of the loudspeakers into which
they were built.

The alternative method was to use a rather harder
paper which often had a series of corrugations
moulded into it, in order that it might “break up”
at high frequencies and not vibrate in only one pro-
nounced mode.

The curved cone, on the other hand, reduced the
high-frequency peak by the fact that its stiffness to
forces applied over the surface of the cone in an in-
ward direction was different from its stiffness in an
outward direction. This non-linear stiffness of the
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curved cone gave rise to the production of harmonics
and severe cross-modulaton. These defects caused
the reproduction of numbers of voices or instruments
to sound “muddled” although good reproduction of
a rolo instrument or voice could be obrained.

Cone Break-Up.—The phenomena associated with
cene break-up were investigated in these laboratories
by the classical use of lycopodium powder. The in-
vestigation showed that a cone collapsed into radial
modes at quite low frequencies, and that circum-
ferential ribs did little to improve this lack of rigidity.
Fig. 1 shows a cone after it had been dusted with
lycopodium powder and then driven at a small ampli-
tude. It will be seen that the break-up pattern passes
right through a corrugation in the cone material. Fig.
2 shows a series of these break up patterns, and re-
lates them to the response curve of the loudspeaker.
It is interesting to note that they do not necessarily
coincide with major peaks or hollows in the response
curve. This is because the “phase” of the various
sections is important. They could, for example, all
cancel out and give almost no sound output. But while
they may cancel out at the fundamental frequency,
it does not follow that they will alsc cancel out at
harmonic frequencies.

A Rigid Cone.—As a result of these tests, it was
decided that an attempt should be made to construct
a cone which was as rigid as possible for the sole pur-
pose of studying its harmonic production. The
material chosen for this cone was Duralumin, and a
very considerable increase in rigidity compared with
paper was obtained. As expected, the efficiency of
the loudspeaker was very low- due to the weight of
the cone. Its frequency response was irregular in the
“top,” due to the very low internal damping of the

TABLE
Amplitude of harmonics (db relative to fundamental
of frequency 80 cs)

Harmonic  2nd 3rd 4th Sth 6th 7th 8th‘9th[
| : |

Curved-sided l
paper cone .. 14 lo 22'-27-30 —45 —53 57
- S SR S PR SO A—
Duralumin [ |
cone  ...... 36 25 38 39 66 54 - 67'—69\

b

cone material. However, the experiment was infor-
mative because the harmonics due to cone break-up
were very considerably reduced and a marked change
in the quality of reproduction was apparent. The
Table, compiled from measurements taken in 1935
compares the harmonic production, at a frequency of
80c/s, or a Duralumin cone and a curved paper
cone.

Driving-force Distortion.—So far, only those har-
monics which are caused by the flexing of the cone
have been considered. There is, however, a second
series of harmonics, whose fundamental frequencies
are much lower. They are caused by the non-uniform
nature of both the driving force applied to the cone
by the voice coil and the restoring force which returns
it to its position of rest. In order to study the dis-
ribution of magnetic flux in and near the air gap of
the magnet, a special instrument was designed. This
device permitted a small search coil to be introduced
into the air gap of the magnet, step by step, a few
thousandths of an inch at a time. Fig. 3 shows this
instrument. Because it is necessary to maintain a

Fig. 2. Typical break-up patterns in a moving-coil cone loudspeaker and their associated points in the frequency response curve.
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uniform driving force on the voice coil, even when
it is displaced by large-amplitude, low-frequency

" sounds, either the voice coil or the air-gap must be

relatively long so that one can always embrace the
other. It is unfortunate that, even to-day, there are
many loudspeakers in which the length of the air-
gap and the voice coil are approximately equal. This
arrangement results in maximum efficiency at the
price of maximum driving force distortion. From a
knowledge of the flux distribution, and the excursion
of the voice coil, it is possible to evaluate the linearity
of the driving force. The designer has then to select
a compomise between linearity and efficiency. Fig.
4 shows a graph which relates the force on long and
short coils, and their displacement along an air gap.

Restoring-force Distortion.—In order to obtain an
undistorted output, it is necessary to make not only
the driving force uniform; but also to ensure that the
restoring force arising from the stiffness of the suspen-
sion is linear. The behaviour of the cone-restoring
forces in a loudspeaker was studied by means of the
laboratory stiffness meter shown in Fig. 5, which was
designed in these laboratories expressly for this pur-
pose. The stiffness of the centring device, and of
the cone surround material, were first studied
separately, and then in combination. The problem of
the designer is to reconcile linearity of restoring force
with a finite cone movement. It has been found that
an abrupt termination of cone movement is undesir-
able, except in very carefully regulated laboratory
experiments, with no poss.bility of overload, For normal
uss, approximately half the total travel should be
linear, with an increase of stiffness at each end.
Because of major cause of harmonic production at low
frequencies is due to the large excursion of the cone
and voice coil, this excursion should be kept to a
minimum by providing the cone with adequate acous-
tic loading.

If, for any reason, it 1s impossible to provide such
loading to limit the travel of the cone at low frequen-
cies, it is desirable to take suitable precautions in the

“loudspeaker itself. In the case of domestic radio

receivers, those loudspeakers which are to be us=d in
“table ” model cabinets often have a higher frequency
of main resonance
than those which
are to be used in
large  radio-gramo-
phone cabinets.
However, raisin g
the frequency of the
main bass resonance
of the loudspeaker
may easily bring it
within the range of
the fundamental fre-
quency of the
human voice. If
this happens, the
severe overhang
transient  distortion
associated with the
resonance will be

Fig.3. Device for
measur'ng the distri-
bution of flux in the
air gay of a magnet.
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Fig. 4. Relation between force and coil displacement for
voice coils of different lengths woiking in the same gap.

particularly noticeable, and speech will sound very
“boomy.”

In the case of a high-quality loudspeaker for use
in a small cabinet, for speech reinforcement purposes
only, the most satisfactory solution is obtained 'by
the use of a surround material with a fairly high
damping factor. By this means it is possible to keep
both the electrical and the mechanical impedapcq of
the loudspeaker largely resistive. This minimizes
transient distortion, and reduces the production of
harmonics, by inhibiting excessive cone movement.

Design of a High-quality Loudspeaker

In the light of results which had accumulated'over
a number of years an attempt was made to design a
high-quality loudspeaker. This involved many
attempts to increase the rigidity of a paper cone, in
order to reduce the generation of harmonics and
cross mcdulation. All attempts came far short of
the standard reached by the metal cone and it was
decided to study its performance in greater detail.
This investigation showed that the main defects were
low efficiency and poor frequency response, and, as
a result, poor transient response. It was considered
that for certain applications at least, the low efficiency
could be met by increasing the output power of the
amplifier.

A consideration of frequency response of the metal
cone loudspeaker showed that the worst trouble
occurred in the upper frequency region, and took the
form of a dip in the response curve tollowed by a peak
of considerable size at a frequency of about 8,000 ¢/s,
as shown in Fig. 6(a).

It was observed that although there was a dip in
the response of the loudspeaker when measured from
the front, there was no corresponding dip in the re-
sponse from the rear of the loudspeaker. Investiga-
tion showed that the low output from the front was
largely due to interference between different parts
of the cone. A stationary “bung” was inserted in
the cavity of the cone, whose function was simply one
of obstructing certain paths which the sound might
take across the cone at high frequencies. The bung ”

WIRELESS WORLD, NOVEMBER 1952


www.americanradiohistory.com

kS

Fig. 5. Laboratory stiffness meter. The apparatus may be set up for
measuring the stiffness of cone surround and centring device as well as for
exploring flexibility of the cone material at different points on the surface.

may be solid or hollow, so long as it is rigid. Fig.
6(b) shows the response curve of a metal cone with
a “bung.”

The mechanism by which the cone produces the
main high-frequency peak is briefly as follows. Con-
sider a narrow radial strip of the cone, from the voice
coil tube to the outer edge. Such a strip could be
fixed at its ends, and driven in such a way that it
resonated at some particular frequency. Its greatest
amplitude would occur near, but not exactly midway
between, the supports. There are two factors in-
volved. First, the radial strip is not parallel sided,
but is a segment of a circle. Second, the strip is
curved, the radius of curvature being least at the
centre and greatest at the periphery. This curvature
has the effect of increasing the stiffness of the strip,
the greatest stiffness occurring at the apex of the
cone. The result is that maximum amplitude occurs
at a position about one-third of the way from the peri-
phery to the voice coil tube.”

Now, if all the radial strips or segments are exactly
similar, they will all resonate at the same frequency,
and will all be “in phase” with each other. The
result will be a very large resonance peak in the re-
sponse curve, corresponding with a very large output
at that particular frequency, unless there is consider-
able damping in the material of the cone. Alterna-
tively, its rigidity can be made so poor that it breaks
up into a number of different modes, thereby upset-
ting the symmetry of the radial strips. Duralumin
has very low internal damping, compared with paper,
and a very weak cone is incompatible with the rigidity
which is necessary to reduce the generation of har-
monics and cross modulation.

The simple solution to the problem consists in
making the natural frequency of some of the radial
strips different from that of other radial strips. Itis
necessary to achieve this alteration in resonant fre-
quency without reducing the stiffness of the cone,
particularly to deformation of its circularity. The
introduction of radial ribs into a rnetal cone might
seem to be a solution, but the consequent lack of
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rigidity of the cone as a whole com-
pletely inhibits the production of the
highest frequencies. It was found that
the high-frequency resonance peak
could be controlled, at least to some
extent, by annular rings pressed into
the diaphragm. But such a cone gave
noticeably more “muddle” than one
without annular rings, the individual
rings interfering with each other.

The method finally adopted for
making the resonant frequercy of one
radial strip of the cone different from
that of ‘another, was to make a series
of circumferential incisions in the
cone. That portion of the cone
immediately within the incision, that
is, nearer to the voice coil tube, was
then bent, as shown in the photograph
in the title of this article, to a uniform
radius. This gave a different resonant
frequency to the section so treated,
yet retained the rigidity of the cone
as a whole.

It will be apparent from the fore-
going description of the mechanism
of the production of the high-
frequency peak in the response curve of a loud-
speaker that the method adopted for its removal,
in the case of the metal cone, can also be applied
to a paper cone. A considerable improvement in the
frequency response may also be expected if this
treatment is applied to a straight-sided paper cone.
Because paper cones are almost invariably moulded,
it is quite possible to dispense with the incisions,
and to mould into the cone the suitable deformations.
The incisions are used in the case of the metal cone
only to ease the operation of distorting a small piece
of the cone.

This treatment is not suitable for use with
“curved” cones, where the curvature already pre-
vents the formation of the high-frequency peak. This
same curvature is also responsible for the consider-
sble cross modulation and “muddle” which is pro-
duced by such cones. Fig. 6(c) shows the response
curve of a metal cone loudspeaker which has had the
cone treated to remove the high-frequency peak and
has been fitted with a “ bung ” to reduce cavity effects
in the metal cone.
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Fig. 6. Frequency response curves of metal-cone high quatity
loudspeaker when mounted in a vented cabinet with fairly
heavy damping : (@) uncorrected plain cone (b) plain cone
with *bung ' (c) “slotted "’ cone with bung.
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Aerial Exchange

Switching on the Grand Scale for Ten Radio Transmitters and Twenty Aerials

of the Admiralty’s high-power transmitting

stations to a requirement calling for elaborate
planning and precision engineering. This require-
ment was to provide a reasonably simple scheme
for connecting any one of 10 radio transmitters
to any one of 20 different aerial systems. Some are
rhombics, others dipoles, but all have one common
feature which is that 600-ohm balanced open-wire
transmission lines are used.

The main problems were to provide a way of
switching which would not disturb the characteristic
impedance of any of the lines and to handle 25 kW of
r.f. power. Changeover is not carried out with power
on the lines.

The switching system is partially motorized and con-
sists of a large semi-circular structure of 14ft radius
and some 15 ft high. This is fitted with 11 norizontal
rails and between each pair is a movable carriage.
Each carriage is driven by a small electric motor
through flexible shafting and they can be traversed
from end to end of the structure. There are 10 such

PRACTICAL effect has recently been given at one

Part of the aerial exchange switching frame. Horizontal
g g

traversing motors are stacked on the left and a few of the
hand winders for the vertically moving carriages are seen
round the top gallery.
the background.

Aerial feeders are just visible in
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carriages and their driving motors can be seen stacked
on the left of the illustration,

Similar carriages, but travelling vertically between
the upright pillars, are mounted at the back of the struc-
ture. There are 20 of these and they are moved up or
down by hand-operated lead-screws, the controls for
which are arranged round a gallery at the top of the
framework.

Each carriage, vertical and horizontal, is fitted with
two large insulators having on their inner faces domed-
shaped contact studs. The spacing is exactly 10-in
which is the same as that of the transmission lines.

From a vertical column located at the exact centre
of the system is taken a two-wire transmission line to
each of the horizontally moving carriages. These
lines are under spring tension and remain taut at
all positions of the carriages. From this column the
feeders pass into the transmitting hall and thence to
the various transmitters.

Similarly, to each vertically moving carriage is
brought, through a separate window in the outer wall
of the building, a 600-ohm transmission line from one
of the aerials; there are 20 in all and some of the lines
can be seen in the illustration draped from the frame to
the windows.

The method of switching is now fairly obvious, the
carriage carrying a- transmitter feeder is moved hori-
zontally to the required aerial bay and that aerial’s
feeder carriage is moved up or down to bring the two
sets of contacts into alignment. The rear set of in-
sulators is on a sprung plate which ensures a firm and
good electrical connection.

Initial planning of the system was carried out by the
Admiralty Signal and Radar Establishment and the
installation was engineered by P. & L. Miller, Ltd., of
Heneage Street, London, E.1.

* Negative-fcedback Tone
Conitrol ™

OWING to an omission from the inscription to Fig. 6
of the above article in the October issue, some
ambiguity has arisen regarding the law of the potentio-
meters P, and P,, though from the curves of Fig. 8 it is
implicit that they are linear. The relevant part of the
inscription to Fig. 6 should read “P, and P, must both
have linear elements. P, is Dubilier Type ‘C’ control,
500 k2, with fixed tapping at 50 per cent rotation.”

The dotted curves of Fig. 8 with P, centre tap dis-
connected were measured with an input attenuator forming
a return path for the grid. When the filter is fed via a
capacitor (as in Fig. 6), and the modified response is
required, the grid may be “tied down” to earth by a
high-resistance leak, but the preferred method is to use
two 330-k) resistors, one from the left-hand and the other
from the right-hand end of P, to earth, the central tap
being disconnected. The lower value of resistors avoids
possible trouble from leaky coupling capacitors, and/or
slight grid current, without appreciably affecting feedback
and non-lincarity distortion.
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Reshaping Information

to Suit the Channel

Practical Applications of Communication Theory

big problem in communications engineering

these days: given certain properties like time,
bandwidth and signalling power, how to make use of
them in the best and most economical way. Quite
often the “efficiently ” implies transmitting the infor-
mation in as small a bandwidth as possible, but not
always so. Sometimes it means conveying it in a
short time, or with a limited signalling power, or
through a high noise level. At any rate there is
usually some restriction or other, and because of this
it is not always possible to transmit the information
in its original form. It has to be reshaped, or en-
coded, as the communications engineers like to say,
to suit the peculiarities of the channel.

This encoding of information to suit the channel
was one of the dominant themes in a symposium on
« Applications of Communication Theory” which
took place in London recently. The symposium was
organized by Professor Willis Jackson of the Imperial
College of Science and Technology and was held at
the Institution of Electrical Engineers. Forty papers
were presented altogether over a period of five days
by authors of seven different nationalities. About
one-third of the 300 people attending were visitors
from abroad (representing 18 different countries, in-
cluding Russia), while the remainder came from uni-
versities, Government establishments and industrial
concerns in this country.

I IOW to transmit information efficiently is the

Speech Information

One group of papers described various approaches
that are being made towards the reduction of band-
width in speech communication. The general method
envisaged is to transmit not the speech waveform it-
self but a series of “telegraphic” signals representing
the significant sounds in the speech. A teleprinter
channel, for example, is capable of transmitting speech
encoded into writing at the same rate as spoken
speech and in a bandwidth of only about 75c/s. The
great difficulty, though, is how to convert the speech
sounds into code signals to begin with, especially
when the sounds vary a great deal with different
speakers.

Two of the papers described attempts that have
been made to devise an automatic speech “ recognizer ”
for this purpose. In both cases the machine works on
the principle that a speech sound is characterized by
concentrations of energy at particular frequencies in
the acoustic spectrum (Fig. 1), and can be identified
fairly well by a coincidence of two of these frequencies.
The apparatus, then, is basically a spectrum analyser
feeding into a bank of coincidence detectors, which
indicate when energy concentrations of certain fre-
quencies occur at the same time.

WIRELESS WORLD, NOVEMBER 1952

Unfortunately this type of recognizer is unable to
cope with different pronunciations of the same word
unless specially adjusted for each new speaker. In
one of the machines, however, an attempt is being
made to overcome this limitation by working on the
principle that the human being is able to recognize
words with different pronunciations because he has
a store of linguistic information acquired from ex-
perience of the language to help him. The idea, then,
is to “build in” a store of such information which
will give the final yes or no to the recognition achieved
by the acoustic system. For the moment this built-in
information is confined to the known probabilities
with which certain sounds occur after each other in
English. The operation of a relay by the acoustic
recognition of a sound is either facilitated or inhibited
by the relay which recognized the previous sound,
according to the known probability of these sounds
occurring together.

Having converted the sounds into telegraphic
signals, the task of converting them back into speech
at the receiving end is comparatively easy. The
signals merely have to switch on appropriate sound
generators. One paper described a speech “synthe-
sizer ” working on this principle in which the band-
width needed for the telegraphic signals was less than
100c/s. A tape recording of the reconstructed speech
was played, but the effect was monotonous and diffi-
cult to follow until one became accustomed to it.

Another machine, which was described and demon-
strated, gave a much more passable imitation of real
speech because it was based more directly on the
human vocal mechanisms. In this it was not a matter
of “patching together” a series of discrete and
standardized sounds. The code signals represented
the comparatively slow and continuous muscular

Fig. 1. Acoustic spectrograms of the spoken words ** two ™
and ' mine ' made by Bell Telephone Laboratories for their
book ** Visible Speech.”’ The frequency analysis is displayed
on a horizontal time axis, so the black bands represent
concentrations of energy at particular frequencies. which
vary throughout the speaking of the word.
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movements of the human speech mechanisms, and
gave simultaneous control of five sound generators
equivalent to the human generators. The first three
generators produced the most prominent resonant
frequencies of the vocal cavity, the fourth gave out
pulses corresponding to the excitatory pulses of air
from the larynx, while the fifth was a noise generator
for imitating the fricative sounds associated with con-
sonants. The “muscular ” control signals are obtained
by optical scanning from time graphs of the required
variations drawn on glass slides. Because of their
slowly varying nature they have an information rate
(in bits/second) about one-fiftieth of that of the speech
waveform itself, so they make possible a considerable
reduction in bandwidth. The only problem that
remains is how to obtain this type of control signal
automatically from the original spoken sounds!

Reducing Television Bandwidth

Television signals, of course, are notorious for the
amount of bandwidth they occupy. They have one
characteristic, however, which offers a great oppor-
tunity for reshaping the information, and an interest-
ing paper at the symposium showed how this could
be exploited to give a reduction in bandwidth. In a
television picture, most of the information is concen-
trated in the sharp edges and boundaries, which are
represented by the same sort of sharp variations in
the waveform. But these edges only occupy a very
small area of the picture, so that the large bandwidth
made necessary by them is only utilized completely
for a small part of the total time. The suggestion is,
then, that some of the time that is normally wasted
on transmitting the flat redundant parts of the wave-
form should be devoted to these sharp edges. And,
of course, if one takes a longer time over sending a
piece of information the bandwidth required for it
is reduced. The desired effect, then, is to smooth out
the waveform and spread the information more evenly
over time.

To achieve this, the paper suggested a method using
variable velocity scanning in the camera pick-up tube.
The beam is slowed down when it comes to the sharp
transitions on the mosaic and speeded up across the
flat unchanging portions. This variation in velocity
is controlled automatically by the nature of the
picture itself, as represented by the output waveform.
The slope, or sharpness. of the waveform is measured
continuously by a differentiating circuit, and this
serves to control the scanning velocity. The high
slope of a sharp edge tends to slow down the beam,
so that the slope is itself progressively reduced until
it finally settles down to an equilibrium value. Simi-
larly, a low slope causes the beam to go faster. The
result, as can be seen from Fig. 2, really amounts to a
feedback system in which the beam velocity is con-
trolled by a parameter which is itself derived from the
velocity. In the receiver, of course, the scanning
beam of the c.r. tube is varied in synchronism, and the
information for doing this is derived from the modified
slopes of the received waveform.

A somewhat similar system was suggested in
another paper for the transmission of simple line
drawings or graphs. The scanning spot is made to
go very fast over the large white areas until it comes
to the drawn line. It then stops and sends out a
code signal, which tells the receiver how much time
has passed since the last encounter with the line.
Thus, instead of spending a great deal of time in
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transmitting the large white areas, as in normal scan-
ning, one merely sends code signals representing the
extent of these areas. The immediate result of re-
shaping the information in this way is to reduce the
transmission time required for the picture, but by
spreading the reshaped information out over the
normal dme this can be translated into a bandwidth
saving.

Coded Colours

In colour television the bandwidth problem is even
more acute. The reason is, of course, that one has
to send information about a particular colour in terms
of its three primary colour components, so that three
channels are needed. Various methods have been
proposed for reducing the bandwidth by successive
sampling of the three components, but one paper
at the symposium outlined an entirely new approach.
It pointed out that instead of sending information
about the components of a particular colour, one
need only send a code signal representing the colour
itself.

In the system suggested, the colour is first of all
analysed into its three components in the usual way
by three pick-up tubes with filters in front. The three
voltage outputs then form a special combination
which acruates the transmission of a particular code
signal. In this way each colour produces its own
combination of voltage outputs and its own code
signal. The principle is, of course, very similar to
that of the automatic speech recognizer mentioned
earlier, in which the code signal is actuated by a
particular combination of sound components. At the
receiving end the reverse process is carried out. The

CAMERA AMPLIFIER

) VARlAB.LE |
oy IFFERENTIATOR—] (a)
GENERATOR | |

WAVEFORM STORED
ON MOSAIC

VARIABLE VELOCITY

RESULTANT SIGNAL
WAVEFORM

(b)

Fig. 2. Reshaping television signals.
of a system for controlling the velocity of the camera
scanning beam according to the amount of information in
the picture. At (b) is the television waveform: (above) as
recorded on the mosaic, and (below) as it appears after
varigble-velocity scanning.

At (a) block diagram
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received code signal generates three voltages corre-
sponding to the outputs of the pick-up tubes, and
these are applied to a trichromatic c.r. tube to repro-
duce the three components and reconstitute the
original colour.

Two other communications systems were described
in which high efficiency was obtained by reshaping
the information. The first, known as “delta modula-
tion,” has already been outlined on page 427 of the
October issue. In this the original information about
the absolute voltage levels of the waveform is re-
shaped into information about the changes in the
waveform. This is done by a kind of servo system
in which the original waveform is followed auto-
matically by a quantized version of itself. The two
are compared with each other and the resultant error
signals represent changes in the waveform. These
error signals are used to make the quantized version
follow the original waveform, and are rather like the
series of corrections that one applies to the steering
wheel of a car to keep it going in the right direction.
They are transmitted in the form of pulses, from
which a quantized version of the waveform. is recon-
structed at the receiving end. The advantage of this
system is in its high signal-to-noise ratio, which is
obtained at the expense of a wide bandwidth. In
this respect the efficiency is about the same as pulse
code modulation, but the apparatus required is very
much simpler.

The second system, described as the “ambiguous-
index system,” is even more efficient. Not only does
it give a high signal-to-noise ratio, but with a band-
width not very much greater than that required for
simple amplitude modulation. The original wave-
form is sampled and the value of each sample is
represented by two or more independent code signals
(the “indexes™). These code signals are transmitted
and from them the original samples and waveform
are reconstructed at the receiver.

Overcoming Noise

As “Cathode Ray” explained in the September
issue, information can be reshaped to overcome noise
by introducing a certain amount of redundancy into
the message. One way of doing this is to repeat the
signal several times over, so that in systems where
the signal is repetitive or periodic to begin with (radar,
for example) the problem is very much simplified.
Several papers showed how one can utilize this in-
herent redundancy for extracting signals from noisy
backgrounds by a process of integration. The point
is, if the periodicity is known at the receiving end,
one can use some device which responds to it and
so integrates the signal but not the noise. One paper
described several ways of doing this visually by oscil-
lographic methods. The time base is adjusted to
the known periodicity, then as each signal arrives it
is superimposed on the previous ones. Storage and
integration is done partly by the screen of the c.r.t.
and partly by the observer’s persistence of vision.
Thus a pattern is produced by the integrated signal
which shows above the unintegrated noise.

The disadvantages of this visual method are, of
course, that the integration time is limited by the
short optical persistence of the screen and eye and
that the integrated signals cannot be passed on in
electrical form. By replacing the fluorescent screen
with a plate of some dielectric material, however,
the information “ written ” on it by the electron beam
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Electrosiatic storage tube for signal integia.ion
shewing the two electron guns, one for “writing' the
signal repeatedly on the target plate and the owner for
“reading '’ off the integrated result.

can be stored and integrated as a pattern of electro-
static charges, which can be “read off” whenever
required. This was the principle of a new kind of
electrostatic storage tube described in one paper
(Fig. 3). The signal modulates the intensity of the
electron beam so that the charge pattern on the plate
consists of variations in charge density. Integration
is obtained, as in the c.r.0., by superimposition of
successive traces, which gives an increase in density
of the charges representing the signal. The pattern
is “read off” by a second electron beam scanning
across it. The secondary emission produced by this
“reading” beam is modulated by the variations in
the charge pattern, then collected by another electrode
to give a fluctuating current representing the in-
tegrated signal. With a noise-to-signal ratio of 7db,
it is necessary to integrate about 300 successive traces
to make the signal stand out about the noise.

Another paper described an alternative method of
storing and superimposing the required signals. That
is, to keep them circulating in a magneto-striction
delay line in which the delay time is the same as
the interval between successive signals. Thus the
first signal travels round and gets back to the feed-in
point (a magneto-striction transducer) at just the
right moment to have the second one superimposed
on top of it, and so on. Here, the integration is limited
by the attenuation of the delay line.

Practice Before Theory ?

It might be argued that some of the schemes
described above do not really justify the title “ Appli-
cations of Communication Theory.” One has the
feeling that they would have been thought of anyway,
whether Communication Theory had been here or
not, and that the Theory was only dragged in at the
last minute to explain things on a more scientific
basis.

To some extent this is true. The real application
of the Theory is in the detailed working out of these
schemes, in that it provides a way of measuring in-
formation and of relating it mathematically to familiar
parameters like bandwidth and signal-to-noise ratio.
In this way it is essential to the engineering of any
scheme in which information is the raw material.
At the same time, there is no doubt that the general
ideas provided by the Theory—such as redundancy
and inverse probability—have been extremely
valuable in stimulating original lines of thought that
will eventually materialize in the shape of new
technical developments.
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Recording Characteristics

Problems of International

cording Association the new president, H. Davies,

M.Eng., M.ILE.E,, took for his subject the prob-
lems of international standardization in sound record-
ing, with particular reference to the exchange of
programmes between broadcasting organizations.

Mr. Davies dealt with both mechanical and electri-
cal standards and gave some interesting details of the
many factors of expediency as well as of a purely
technical nature which have influenced the figures
finally adopted by the C.C.I.LR. For instance, toler-
ance on 33%-r.p.m. turntable speeds is normally 0.5
per cent: but in the case of 78 r.p.m. this was widened
to 0.7 per cent. The reason for this is that whereas
a 180-bar stroboscope on 50c/s and a 216-bar on the
American mains frequency of 60c/s give exactly 333}-
r.p.m. when the image is stationary, the customary 77-
bar (50c/s) and 92-bar (60c/s) stroboscopes for 78-
r.p.m. actually give 77.92 and 78.26-r.p.m. Again, the
rival claims of 77cm/sec and 30in/sec as basic
standard tape speeds were settled in favour of 30in/
sec for the simple reason that it would be easier to
reduce the capstan diameters of 77-cm/sec machines
than to build up the diameter of capstans in 30-in/sec
machines.

On the subject of recording characteristics it was
possible to err, according to Mr. Davies, by saying too
much as by too little; there was much opinion and all-
too-often obscurity of fact. In the case of recording
for broadcasting the signal taken from the line was
already processed to suit the transmitter, and the
object of recording and playback was to preserve that
signal unchanged. The term recording characteristic
was defined as the output (groove velocity, film den-
sity or area, or surface magnetic induction of tape)
produced by constant input. It did not take account
of any corrections or modifications made outside these
limits. The first consideration in the choice of a re-
cording characteristic was, or should be, optimum
signal/noise ratio, but the characteristic so derived
held only for single tones and might have to be modi-
fied by other considerations, including the distribu-
tion of energy in the sound spectrum. Norwegian
speech, for instance, shows a marked tendency to
overload at high frequencies. One should aim at equal
probability of distortion over the frequency range, and
the optimum characteristic would then give the least
distortion for a given background noise.

Mr. Davies underlined the fact that these considera-
tions held only for the internal recording characteris-
tic decided upon by the broadcasting organizations.
Manufacturers of commercial gramophone records
might follow this good example at some future date.
but the characteristic would not necessarily be the
same, since the characteristics of reproducing equip-
ment in the hands of the public varied over much
wider limits than those of broadcast transmitters.

Standardization of characteristics for magnetic tape
recording had presented some difficulty because the

IN his inaugural address to the British Sound Re-
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intensity of magnetization could not readily be
measured by inspection, as it could with the micro-
scope or the Buchmann and Meyer method in disc
recording. It was difficult, therefore- to separate the
performance of the playback head from that of the
tape, and early proposals aimed at the use of equalizers
to correct assumed head losses due to the finite gap
and to eddy currents. Recent research by the B.B.C,,
using a single copper conductor as a playback head,
had resulted in more precise segregation of the iron
losses and a reconciliation of the previously anomalous
figures derived from iron heads, using short and long
gaps. It was now possible to derive the tape mag-
netization by three independent methods, and in this
respect the position was now better than for lateral-
cut discs.

In conclusion, Mr. Davies spoke of the high
standard of reproduction now being achieved with a
tape speed of 7iin/sec and of the very considerable
groundwork which had been carried out on this side
of the Atlantic with the object of establishing inter-
national standards for this speed.

SMALL TELEVISION CAMERA TUBE

HETHER or not it is worth while applying tele-

vision techniques to industrial processes depends
very much on whether the camera equioment, in particu-
lar, can be made sufficiently simple and inexpensive. In
this country Pye have recognized this requirement by pro-
ducing a small and light
camera containing an ex-
ceptionally small pick-up
tube. Now, another minia-
ture tube designed for such
applications has been put on
the market by R.C.A.—the
type 6198 Vidicon. It
measures lin in diameter
and 64in long. The light-
sensitive element is a photo-
conductive layer, and has a
sensitivity which  permits
the televising of scenes with
100-200 foot-candles of inci-
dent illumination. The tube
has magnetic focusing and
deflection, and requires d.c.
voltages on the electrodes of
no more than 300 volts.

In operation, the photo-
conductive layer acts as a
leaky capacitor, and when
the scene is focused on it the
“ plate ” nearest the scanning beam acauires a correspond-
ing pattern of positive charges. In the process of scan-
ning, the deposition of electrons from the beam reduces
these charges on the near “plate” to the potential of the
cathode. As a result there are changes in the potential
difference between the two “ plates” of the photo-conduc-
tive layer, and these constitute the output signal.
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Fig. 1. Block diagram showing the general arrangement for remote control and automatic monitoring of the transmitter.

Automatic Broadeasting

Remote Control and Automatic Monitoring of Third Programme Transmitter

By R. W. LESLIE® and

medium-wave transmitters by remote control.

A more recent development is the application
of remote control to a high-power transmitter. The
Third Programme transmitter at Daventry was selected
for the first installation of this kind, the transmitting
equipment being of suitable design for this purpose.
Normally at least two engineers per shift would be
required to operate such a transmitter. The remote
control system has been developed jointly by B.B.C
engineers and by Marconi’s Wireless Telegraph
Company, the manufacturers of the transmitter.

A prime requirement of a broadcasting service
is that breakdowns shall be kept to an absolute mini-
mum, and various methods are employed throughout
the system to ensure reliability. Where the cost of
equipment is low, duplicate apparatus is installed and
is available instantly to carry the programme should
the need arise. Where a number of similar units are
used, one extra unit is installed and is available as a
spare for the others.

The capital cost of a high-power radio transmitter
precludes the installation of duplicate equipment
which would be used only in the event. of a breakdown
in the service equipment. A method which overcomes

THE B.B.C. has for some time operated low-power
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C. GUNN.RUSSELL, M.Af

this expense has been used by the B.B.C. for a number
of years. Two transmitters, each capable of providing
half the required output power of the station, are
installed and operated in parallel to produce the
required total output power. Should a fault occur on
either transmitter the remaining one can be switched
direct to the aerial in a matter of seconds and the
service maintained with a loss of only 3db to the
listener until the faulty unit has been restored to
service. This principle has been extended at Daventry
so that the transmitters are switched on and off from a
remote point, and when a fault develops it is automatic-
ally detected and the equipment itself takes appropriate
action to maintain the programme service.

The general arrangement of the equipment is shown
in Fig. 1. The lines which carry the various pro-
grammes for all the transmitters at Daventry terminate
in a central control room in the main short-wave
transmitter building. As the short-wave services
necessitate the control room being staffed on a 24-
hour basis, it is convenient to locate the Third Pro-
gramme transmitter on/off control switch and alarm
circuits for fault indication in the same room. Here,

* Planning and Installation Department, B.B.C.
+ Designs Department, B.B.C.
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also, the programme is amplified and fed to a nearby
building, which contains the Third Programme
transmitter, and to line for distribution to other
transmitter stations.

On arrival at the transmitter building the programme
passes through a limiter to prevent overmodulation
and trap-valve amplifiers to give independent outputs,
one of which is used to feed transmitter A and another
to feed transmitter B. The outputs of the individual
transmitters are fed to a combining circuit, the output
of which goes to the aerial feeder.

Unattended Transmitters

The transmitters, which are air cooled and rated at
100kW each, together with the combining circuits,
were designed and installed by Marconi’s Wireless
Telegraph Company. High-speed overload systems
afford each transmitter complete protection from
damage following a fault. In the case of the main
h.t. supplies, recycling electronic overload trips are
fitted which, under fault conditions, remove the h.t.
and re-apply it a predetermined number of times
before switching it off permanently. If this were not
done, any fault of a transient nature would cause one
or both transmitters to remain closed down after the
fault had cleared.

Automatic monitoring equipment has been installed
to maintain a continuous check upon the fidelity of
transmission in place of staff listening continuously
to a loudspeaker. A separate monitor is associated
with each transmitter, and an overall monitor compares
the quality of the radiated programme with that
incoming from London.

Incidentally, the quality of the incoming programme
is checked in two ways. First, it is continuously
aurally monitored at one of the other stations which
has received its feed of Third Programme via Daventry.
Secondly it is intermittently monitored in the central
control room. The loudspeaker shown in Fig. 1 is
connected to a sequential switch arranged so that one
of the staff may listen to each source of programme in
turn. The switch normally dwells for about thirty
seconds in each position.

In order that each transmitter monitor can check the
output of its own transmitter without being affected
by the condition of the other, it is necessary to have
a combining network which allows two transmitters
to be paralleled to a common load but which provides
a high attenuation between them. For this purpose
Marconi’s have developed a bridge T network as
shown in Fig. 2. Here R, represents the aerial feeder
impedance, which in this case is 220 ohms, R, is a
ballast resistor and A and B represent the transmitters.
With values chosen such that (X.) = (Xg) =
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X)) = (Xu) = R, = R, the impedance presented to
either transmitter is independent of the terminal
impedance of the other, being equal to R;; and if a
fault causes one transmitter to close down the other
will continue to work normally. As a corollary of the
impedance relationship it also follows that none of the
output of one transmitter can appear across the output
of the other, and hence the two transmitters can be
monitored independently.

Although the operating conditions of either trans-
mitter are unaffected by the condition of the other,
when only one transmitter is functioning the total
radiated power is reduced to a quarter of normal since
half the power of the working transmitter is dissipated
in the ballast resistor. However, this state of affairs
will only persist for fifteen seconds as, at the end of
this period, if one transmitter is still closed down,
r.f. contactors are arranged to select the working
transmitter and connect it direct to the feeder so that
its full power output is radiated.

The automatic monitor, which was developed by
B.B.C. engineers, works on the basis of comparisor.
It compares programme of unknown technical quality,
dubbed “ compared  programme, with programme
that is known to be satisfactory, called *‘ reference »
programme. If the quality of the *compared”
programme falls below a certain standard the equip-
ment either gives an alarm or may initiate executive
action to deal with the trouble. The standard of
imperfection adopted for the equipment was based on
the performance of a human monitor.

As the automatic monitor has been described fully
elsewherel, the following is but a brief outline of its
operation. The types of distortion for which both
the human and the automatic monitor must listen are
as follows :—

1. Noise, including cross talk.

2. Frequency response distortion.

3. Harmonic or overload distortion.

4. Changes in transmission equivalent or, of course,

a complete disconnection.

The automatic monitor measures the above distor-
tions as a change in volume. Noise may be detected as
an appreciable increase in amplitude when programme
is of comparable volume. Defects in frequency

! * Carrier Frequency Contral: Automatic System for Unattended
Transmitting Stations,” by J. C. Gallagher, B.B.C. Quarterly, Vol. IV,
No. 4, Winter 1949/50.

“ The Design of Automatic Equipment for Programme Routing and
Sequential Monitoring,” by H. D. M. Ellis and J. C. Taylor, B.B.C.
Quarterley, Vol. IV, No. 4, Winter 1951/52,

** The Automatic Monitoring of Broadcast Programmes,” by H. B,
Rantzen, F. A, Peachey and C. Gunn-Russell, Proc. I.LE.E., Vol. 98,
Part III, No. 55, September 1951,

*“The Broad Principles in the Design of Automatic Monitors,” by
F, A. Peachey, H. B. Rantzen and C. Gunn-Russell, Electronic
Engineering, January 1951,
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response and transmission equivalent obviously show
up in the same way. Harmonic distortion is usually
caused by the compression of the signal in an over-
loaded valve stage ; this again may be detected as a
volume change.

In any part of the programme chain, phase distor-
tion is likely to affect the waveform of the electrical
signal, but as the human monitor will not normally

hear this change the automatic monitor should ignore .

it. Similarly, small amounts of frequency response
distortion at the extremes of the band or even quite
high levels of very low frequency noise, which are
unimportant owing to aural sensitivity, must not
affect the automatic monitor.

Automatic Monitor

A schematic diagram of the automatic monitor is
shown in Fig. 3. Both the “reference” and the
*“ compared *’ programmes are fed into identical units
called volume folding and limiting amplifiers. These
v.f.l. amplifiers have a complex function to perform.
They are provided with a non-linear input-output
characteristic so that there is a degree of equality in
the measurement of distortion at both high and low
volumes of programme signal. An aural sensitivity
“ weighting > network is introduced into the circuit
of each of them so that the sensitivity of the equipment
to signal distortion may approximate 7o aural sensi-
tivity. At the output of the v.f.l. amplifier the
signal, so processed, is rectified and integrated in an
RC network of the appropriate time constants. In this
way the transients and steep fronts of programme
signal are smoothed out and the unwanted effects of
phase distortion are eliminated. The outputs from
the two v.f.l. amplifiers are fed in series opposition
to a differential detector, which indicates when the
two outputs differ by more than a predetermined
amount.

As the checking of technical quality of transmission
over the link being automatically monitored is entirely
dependent on this equipment, reliability is of primary
importance. Also, it is essential that the automatic
equipment should be as far as possible self-supporting
and should not require elaborate routine maintenance.
For these reasons the equipment is arranged to sound
its own alarm, when, as a result of some internal fault,
it fails to provide proper monitoring.

At Daventry the automatic monitors associated with
each transmitter are required to take executive action.
Of course this should not be taken if the * operation >
of the monitor is due to its own internal fault. Auto-
matic means are therefore provided for the monitor
to prove its own circuits before such action is taken.
For this purpose a testing unit has been added to the
normal monitor equipment. This unit also provides
a means of integrating the normal mopitor alarms so
that executive action is not taken unless the operations
are sufficiently frequent or persistent.

The equipment is arranged so that the first trans-
mitter to be proved faulty is shut down by its own
monitor. In the event of the second transmitter
becon ing faulty, its associated monitor is prevented
from takiny executive action, and instead an alarm is
given in the central control room. This latter feature
means that the closing down of the second transmitter
is left to the discretion of an engineer. Obviously
his decision will be tempered by the knowledge that
he will be closing down the whole service, and he will
do this only when the distortion is most severe.

WIRELESS WORLD, NOVEMBER 1952

.Pﬂw, Yy oo . —L{'

The third automatic monitor shown in Fig 1 is
provided to watch the overall system. In addition
to the transmitters that are already checked indi-
vidually, it monitors the common input equipment, the
one and a half miles of feeder line to the aerial and
the aerial itself.

Each transmitter is a complete unit containing all
the circuits which are necessary for it to be locally
operated from its own manual controls. Additional
control circuits external to the transmitters are
provided for starting and stopping the transmitters
from the remote point, and for locally selecting one
or other of the transmitters if the need arises. Opera-
tion of an overload protection device or of an automatic
monitor removes the h.t. supply from the appropriate
transmitter, and after fifteen seconds the lack of feed
on its final amplifier is used to initiate the switching
of the serviceable transmitter. At the same time all
other supplies are removed from the faulty transmitter.

There are three methods of operating the equip-
ment: (a) transmitters on manual control without
automatic features or remote control facilities ;
(b) transmitters on manual control but incorporating
automatic re-selection in the event of an overload ;
(c) transmitters remotely controlled and fully auto-
matic. A three-position switch provides the means
of selecting the method. The switch can be changed
from its normal position (c) whilst the transmitter is
running. This facilitates fault location and servicing
without interruption to transmission.

During the six months that this equipment has been
in operation, it has proved itself capable of maintaining
the highest possible standards of fidelity coupled with
the very minimum of programme interruption.

TAPE RESISTORS

IN our February, 1952, issue we described an adhesive
resistor developed by the American Bureau of
Standards for use on printed circuits. It had one
apparent drawback, as after fixing in position the resistor
had to be “cured” at about 300 deg C and only certain
base materials would stand this high temperature.

It is reported in the Bureau’s Technical Ncws Bulletin
for July, 1952, that these tape resistors can now be pre-
cured and sccured in position on the printed circuits by
either soldering or spot-welding.

The pre-cured resistor is made by sandwiching short
metal lugs, or wires, between two pieces of uncured ad-
hesive tape and then “ firing ” to process the resistor and
bond the parts securely together.

A pre-cured resistor of this kind is about 1} in long and
has the appearance shown in the accompanying illustra-
tion.
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BEATS

By “CATHODE

IKE everybody else who ever tries to explain the
principles of radio to beginners, I knew that
what is called beating or heterodyning is one

of the subjects where trouble can be confidently ex-
pected. But until an attentive reader fired a burst
of well-aimed questions on it I hadn’t realized’iust
how many difficulties it can present to the enquiring
mind. It is easy enough to look at pictures like
Fig. 1 and visualize currents or voltages varying in
that sort of way. There is no difficulty in seeing that
(a) and (b) have the same frequency but different
amplitudes, whereas (b) and (c) have the same ampli-
tude but different frequencies. These ideas are quite
easy to grasp, using this type of diagram. With a
litle more effort, any reasonably intelligent and
persevering pupil can learn to think of the same ideas
in terms of rotating vectors, or even sin and cos.
The trouble begins when two of these simple al'ternat-
ing signals are combined and their frequencies are
not the same. Since combinations of this kind are
at the bottom of so much of radio, it is worth trying
to get a firm grasp of the principles.
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Fig. 1. The most popular way of depicting alternating
signals. Differences in amplitude—e.g. (a) and (b)—and
frequency—(b) and (c)—show clearly.

SYNC

Fig. 2. Recommended
arrangement of ap-
baratus for showing
the wave Dpictures
Figs. 3-10. Note that
thevariable-frequency
signal is connected so
as not to influence the
time-base frequency.
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Visible and Audible Effects When

Two Frequencies are Combined

RAY”

Most of the difficulty, I think, is that our forms of
expression let us down. One can, of course, add any
two—or indeed any number—of Fig. 1 type wave-
forms point by point to get a picture of a composite
signal; but to get anything like an accurate picture
the work is so tedious that few pupils are persevering
enough to do it. Especially as the shape of the result
is affected so much by slight differences in relative
frequency and amplitude that one really has to draw
dozens of different combinations to see clearly how
it depends on these things. Vector diagrams require
a certain amount of effort to follow even when all
the vectors have the same frequency so that they keep
the same relative positions, and the diagram can be
imagined to be rotating as a whole; but when the
frequencies are different, making the vectors rotate at
different speeds, it becomes too much of a strain. So
the instructor generally falls back on trigonometry,
which shuts out all non-trigonometrical aspirants, and
even if one has learned the gentle art of manipulating
the sin and cos, the manipulations don’t give one
much of a picture of what is actually happening to
the signal voltage and waveform.

The best thing, without a doubt, is to connect the
required number of signal generators to an oscillo-
scope and watch results. Two generators are
enough for a start, and since it is only the relative
frequency that matters, one of them need only give
a fixed frequency and amplitude, the other being
variable in both these respects. Unless the set-up is
rather carefully thought out, however, it will only
make confusion worse confounded by showing an in-
finite variety of complicated and beautiful patterns,
which, however much they may excite admiration, fail
to clarify the particular issue under consideration. To
enable the waveform picture to be seen clearly, it is
desirable for it to be made to stand still, which calls
for synchronization. The provision for this in most
oscilloscopes is an adjustable connection between the
“work ” (i.e., the signal being studied, applied to the
Y plates) and the time-base generator. This may
function quite nicely with a single signal, but when
beat effects are obtained, causing fluctuating’ampli-
tude, it does not. The time base should be locked to
the fixed-frequency (f;) signal only, and not affected
by the other. Perhaps the simplest way of achieving
both these requirements is to connect the fixed signal
generator to one Y plate and to “Sync,” and the
other to the other Y plate, as in Fig. 2.* This can’t be
done with a double-beam tube, or an oscilloscope in
which one Y plate is firmly attached to a shift control
and is not accessible, so one would have to think of
something else, such as using magnetic deflection for
the variable generator.  Another th.ing is that the

* The symbol for a variable-frequency generator is not in BS.530,
for T have just this moment invented it, but it seems the obvious one
to use.
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variable frequency (f;) should be very precisely ad-
justable.  And neither frequency should have any
appreciable tendency to drift. Lastly, to avoid un-
necessarily complicating the issue, both waveforms
should be good sine waves, and, of course, free from
disturbance by 50 ¢/s mains or anything else.

If one is lucky enough to have apparatus of the
foregoing description to play about with, then the
best thing is to spend half an hour or more with
it, adjusting the time base to give, say, 10 cycles of
fr on the screen and then raising f., gradually from
lowest to highest. The effect of making the ampli-
tude of f, equal to, greater or less than f; should also
be noted, but it is best to go into this after the results
of varying frequency with a fixed one-to-one ampli-
tude ratio have been thoroughly digested. One thing
at a time.

Since the odds are probably against any given
reader having access to the aforementioned apparatus
for the purpose of first-hand study, I shall try to do
my best for him by giving a running commentary,
aided by a few stills; and in particular to answer the
pertinent questions asked by the reader who was
responsible for starting this line of thought.

For the sake of example I shall assume that f; is
500c/s and f, is raised slowly from 50 to 5,000c¢/s,
and first that the signals are equal in amplitude. But
one can easily start in imagination at zero frequency.
If a constant positive voltage is added to the f; signal
(or any other) its effect is to raise the whole thing
bodily; if negative, to lower it—assuming the con-
ventional directions of + and —. These effects are
shown by the upper and lower wavy lines in Fig. 3.
Since in our case the added voltage is equal to the
peak amplitude of the original signal, the negative
peaks of the upper trace and the positive peaks of the
lower one just touch the centre line.

Waved Waves

When now the added signal is alternating, at any
frequency, obviously it alternately raises and lowers the
fs signal between the same limits. So all the possible
traces obtainable as f. is varied occupy the shaded
area. In general, each trace ends (and therefore the
next one begins) at a different level, so successive
traces don’t coincide and there are so many different
ones seen at once that the area between the upper
and lower limits is filled with them and Fig. 3 does
represent pretty well what one sees. But every now
and then, as f, is varied, a frequercy turns up that
gives an exact number of cycles during the time
occupied by 10 cycles of f;, and then the combination
pattern is stationary.

At f,=50c/s, for example, the separate and com-
bined signals look like Fig. 4. The combination (c)
might well be called a “waved wave,” like the coiled-
coil filaments in domestic lamps. This, of course,
is quite an easy case to plot by adding instantaneous
amplitudes of (a) and (b) on paper. Even the vector
diagram is not impossible to visualize—one rapidly
rotating vector (representing f;) alternately raised and
lowered by a slowly rotating one (representing f.) “in
series.”

As f, is increased, the f; wave is waved more rapidly.
At 100c¢/s it does it twice during each time-base
sweep, as in Fig. 5. The waved wave action is quite
easy to follow. But it doesn’t seem to have anything
to do with the production of beats—the alternate
waxing and waning of sound that one gets when notes
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Fig. 3. The two wavy lines represent what is seen of the
fixed-frequency (f;) signal ; the top one when displaced by
a constant positive voltage equal to its peak voltage, and the
bottom one when the constant voltage is negative. If an
alternating voltage is substituted for the constant one, the
combined voltage varies within the shaded area.

/\ A—— c/s
NAAAAAAAAAAY 4 e (2

£, (s0¢/s)  (b)

ANANNN A BT (o)
MY \/ \/\/\/ V (10: |th0:£[0”:$110) c

Fig. 4. ““ Waved waves "' produced when the ratio f; : f, is
large. There is no perceptible variation in amplitude of the
signal when the other is added.

/\/\/\ . f=100c]s
(5:1 FREQ. RATIO)

Fig. 5. The effect on Fig. 4(c) whenf, is doubled.

AAS /\ /\A £,=250c/s
/\ \/ \/ \/ \/ \/ (z:1 FreQ. R{mo)

Fig. 6. Here f. is increased to 250 c/s. While still clearly
a waved wave it now begins to show beats.

of two nearly equal frequencies are heard together.
My enquirer had read in a textbook that a beat is
produced “when two neighbouring frequencies are
combined,” and he asks how close is “near ”? Where
and how do they change over from being near to
being not near? As is well known, the frequency of
the beats is equal to the difference between the fre-
quencies of the notes producing them; so one might
say that so far in our experiment the beat frequency
(450c/s in Fig. 4, and 400c¢/s in Fig. 5) is too high
for the ear to distinguish as increases and decreases
in loudness. True, but oughtn’t one to be able to
see it on the oscilloscope? Actually it just looks as
if the f; signal is being pushed up and down as a whole,
without affecting its amplitude at all. Which is exactly
what one would expect. However, as f, is increased,
so that there are fewer and fewer cycles of f; to each
cycle of f., it becomes clearer that the waveform of
fr is being distorted. By the time we have brought up
f» to 250c¢/s, so that there are only two cycles of f;
to each one of f,, signs of beating are beginning to
be unmistakable on the screen (Fig. 6) even though
there is not yet any trace of them audibly. In fact,
although there is no sudden transition between the
up-and-down waving at constant amplitude, as in
Fig. 4(c), and the waxing and waning of amplitude
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with no up-and-down effect, characteristic of beats,
the 2:1 frequency ratio pictured in Fig. 6 can be
regarded as the transition, at which both effects can
be seen. The original f; signal is clearly pushed up
and down five times in every 10 of its cycles, and at
the same time the cycles are alternately large and
small. In Fig. 6 (which is only one of the many
patterns obtainable with this frequency ratio) the beat
effect is clearer if one starts comparing the sizes of
cycles after the first half-cycle. A slight phase shift
gives Fig. 7, where again both waving and beating
can be discerned.

From 250c¢/s up to 500c¢/s (or, more generally,
from 2:1 to 1:1 frequency ratio) beating displaces
waving as the dominating effect. At f,—400c/s
(Fig. 8), the cycles obviously wax and wane twice
during the period (i.e., at frequency 100c/s=f;fu);
but they all come more or less equally above and
below the base line. Theoretically, the 500¢/s wave-
form should wave up and down 400 times per second,
but it is difficult to visualize this! If you want to
know what it looks like, see Fig. 8.

When f. is brought very near f; the beating becomes
slow enough to hear clearly, but too slow to see clearly
on such a rapid sweep. If you slow it down enough
to get more cycles in, you will be able to produce
pictures like Fig. 9. Finally, when f.=f;, which in
other connections is called “ tuning to zero beat,” there
is neither beating nor waving effect. The picture has
the same shape as originally, Fig. 4(a), except that if
the other signal is in phase its amplitude will be
greater, and if in opposite phase, less. If exactly
opposite—and equal—the two will cancel out to give
nothing at all. The slightest change of either fre-
quency causes the phase to shift slowly round, making
the signal amplitude alternately increase to double
and decrease to zero. In othcr words, a very slow
beat. This is another case wherz the vector diagram
is not too hard to visualize—the sum of two vectors
rotating at nearly the same ratz, so that they alter-
nately open out and close like the case and blade of
a pen-knife—except that the biade swings right round
instead of shutting the same way as it opened.

Effect of Frequency Ratio

Recapitulating so far, then, we find that when the
frequency ratio is large the waving effect dominates,
and when it approaches 1:1 the beating effect domin-
ates; and the cross-over can be said to occur at 2:1.
This is quite reasonable if you come to think of it, for
with a large frequency ratio (e.g., Fig. 4) the low-
frequency signal changes very little during a single
cycle of the high frequency, so it pushes both of the
half-cycles the same way—upward or downward—and
the amplitude of the cycle is not affected. But when
the two frequencies are nearly equal the positive and
negative half-cycles of both signals nearly coincide,
and the second signal pushes the half-cycles of the
first in opposite directions, affecting the amplitude of
the cycle. As the phase swings slowly in and out the
amplitude is made to wax and wane. When the fre-
quency ratio is 2:1, neither of these conditions pre-
vails, and the result is a rather complicated mixture
of a little of each.

There is no need to spend much time over what
happens when f, is raised from 500 to 5,000¢/s. Itis
a repetition of 50 to 500 in the inverse order, beginning
with slow beats and ending with waved waves. The
only difference is that the constant time-base frequency
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f,=250c[s
(2:1 FREQ. RATIO)

Fig. 7. The same as Fig. 6 except for a phase shift between
the two component signals.

f,=400c/s
(5:4 FREQ. RATIO)

/\/\/\r\ /'\/‘\/\/\v
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Fig. 8. At f,=400c’s, beats are much closer than waved
waviness.

L fl
IR |

LTIV, f,=463c/s

] ]J (27:25 FREQ. RATIO)
Fig. 9. When f, is nearly equal to f, the time base has to be
slowed down to show the beats clearly.

is now locked to the lower of the two frequencies, so
the number of cycles visible continually increases.
At 5,000c/s the frequency ratio to 500 is the same as
500 to 50, so the picture is the samz as Fig. 4(c), except
that it is repeated ten times over within the same base
line, as in Fig. 10.

Which Frequency Predominates ?

Having got so far, we can consider another of my
enquirer’s questions. He had just been shown that
the result of adding 400c/s to 500 ¢/s (Fig. 8) was to
make the 500c¢/s signal vary cyclically in amplitude
(i.e., beat) at the difference frequency, viz., 100c¢/s.
Whereupon he asked, why not 400 c/s beating at 100
c¢/s? This is a fair question. Seeing that 500 ¢/s and
400 ¢/s are equally present, why choose one more than
the other ? Which is “the” frequency? But it is
not the sort of question one cares to get without notice.
I’m not sure that even now I could give a simple
answer to it. It depends on how one reckons fre-
quency. If one starts to vary the amplitude ratio,
making one signal much stronger than the other, then
it is soon seen that the frequency, reckoned by the
number of visible up-and-down waves, is (as one
would expect) that of the stroniger. But if one reckons
by listening to it, one may not be quite so sure. Some
musical instruments have harmonics stronger than the
fundamental. But to a musical ear “the” frequency
is that of the fundamental, not of the strongest com-
ponent.

Looking at Fig. 6 or 7, would you say there were 5
cycles or 10? If you count every up-and-down you
would find 10. But others would argue that this
waveform shows 5 cycles of a 250¢/s fundamental
with a strong (actually 100 per cent) second harmonic.
Or, if you reckoned the frequency by the time period
of the large half-cycles, you would say there were 7%
cycles. So it seems to be largely a matter of choice or
definition. It is quite fascinating to get a visible beat
on the ’scope between, say, 500 and 600c¢/s, and vary
the amplitude of the 600c/s signal. When it is rela-
tively small, there are clearly 10 cycles, of various am-
plitudes. But at a certain amplitude ratio, not far
from 1:1, one suddenly becomes aware that two extra
cycles have somehow insinuated themselves into the
picture, at the poinis where the amplitude is at a
minimum. But although each consists of a complete
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up-and-down, reckoned by time they are only half-
cycles, like the half-pace a soldier takes to get into
step if he is out of it.

' By increasing the 250c¢/s amplitude in Fig. 6 the
small cycles can be made to disappear, remaining as
a distortion of the 250c¢/s waveforin; but the ratio
has to be more than 2:1 for this to happen. In Fig.
7 it would have to be larger still. Obviously the 50¢/s
component in Fig. 4(c) would have to be expanded
enormously to iron out the 500c/s ripple into a mere
distortion. On the other hand, when the frequencies
are nearly equal, the lower frequency signal amplitude
need only be increased very slightly. The reason is
that the slope of the wave is proportional to frequency
as well as amplitude, so a ripple of a high-frequency
component can only be cancelled out by the opposite
slope of the low-frequency component if its amplitude
is greater.

Beat-frequency Signal

So far we have been considering pure addition. In
other words, we have been assuming that the circuit
in which the two signals are combined is linear; i.e.,
its impedance is the same at all amplitudes, so that the
presence of one signal does not make any difference
to it for the other. The Law of Superposition holds
good, and Ohm’s Law, and altogether everything is
very straightforward and law-abiding. No new fre-
quencies are created. Or, more correctly, the com-
binations contain no signals of frequencies different
from those put in. It is the difference between these
two statements that causes confusion in the minds of
beginners. This particular confusion is so well known
that I need hardly do more than mention it. The
point is that whereas it would be reasonable to say that
in the Fig. 8 condition a new frequer.ccy is created—the
beat frequency, 100 c/s—there is no actual signal of
that frequency present. It is only the frequency at
which the amplitude of the combination waxes and
wanes. There is no 100¢/s signal. When the beat
frequency is very small, say, 2¢/s, there is no diffi-
culty in hearing it, as a rate of beating, though a 2¢/s
signal, even if present, would be far too low in fre-
quency to be audible.

If one wants to produce an actual signal of a
different frequency from any that one happens to
have—as for example in a superhet—the available
frequencies have to be combined in some non-linear
circuit, such as a rectifier; or the amplitude of one
signal has to be able to affect the other in some other
way, indirectly, as in a frequency-changer valve.
Either way, some degree of multiplying action is
obtained. This is easlest to see in the frequency-
changer valve. One of the signals is applied to a
control grid, and the output obtained depends on the
“slope” of the valve, gu. In a pentode type of valve,
in fact, the output amplitude is very nearly propor-
tional to gm, SO that gw appears as a factor. If now
the other signal, of a different frequency, is applied
to another grid that controls the slope according to
the voltage applied, then the instantaneous signal
voltage of this other signal appears as a factor in gm.
Therefore, bringing these two facts together, it
appears as a factor in the output voltage of the first
signal. In other words, the output includes the pro-
duct of both signal voltages, multiplied together.
Since the resistance of a notably non-linear device,
such as a rectifier, is more or less provortional to the
applied signal voltage or current, a multiplying action
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occurs there too. When there is non-linearity of any
kind, new frequencies are produced—actual signals
that one can tune in and use. These frequencies
depend on the nature of the non-linearity, but they
generally include the sum and difference of the input
frequencies, and multiples of them—harmonics. The
purpose of looking on the non-linearity as multiplica-
tion is that it helps one to work things out mathe-
matically. I'm not going into this in great detail,
because there is no room, and it is not the subject of
this article, but I did deal with it at some length
in the July, 1948, issue, and if that is too long ago
there are books that explain it to anyone who doesn’t
know it already. My only object in summarizing it
now is to comment on my enquirer’s trump card of a
question.

He referred me to two diagrams in the book
Foundations of Wireless, 4th edition. (In the current
5th edition parts of these diagrams are not included.)
The first was Fig. 85, on p. 122, which says just what
I do here in Fig. 4, that if you add (a) to (b) you
get (¢). It also says that if you muliiply (a) by (b)
—or rather (b) plus a constant voltage equal to its
peak value—you get something like Fig. 11 here. A
little consideration should show that this is quite true.
The second reference was Fig. 162, on p. 246, which
says that if you multiply (a) by (b) in Fig. 12 here
you get a waved wave (¢) and if you add them you
get a beat (d). Addition and multiplication seem to
have changed places, judging by the results.

Although I was not altogether unacquainted with
Foundations of Wireless, I had to admit that I had
never compared these two diagrams nor noticed that
they seem to contradict one another. But do they?
We have already seen how adding two lots of sine

L4y s f,=5000c/s
¥ S
‘”fli 2 (1:10 FREQ.RATIO)

Fig. 10. With f,=5,000, the frequency ratio is the same as
in Fig. 4, and the picture the same as in Fig. 4(c) except
that everything happens 10 times as of ten.
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Fig. I1. The result of multiplying (d) and (b) in Fig. 4.
PAAAAAAAAL )
YVYAAAAAAAAAS o
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Fig. 12. When (a) and (b) are multiplied, the result is as
at (¢) ; when added, as at (d). Compare Figs. 4(c) and 1.

(c)
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waves can give either waved waves or beats, depending
on the ratio of frequencies. So would it be very sur-
prising if multiplying two lots of sine waves began by
giving beats and gradually changed over to waved
waves as the frequencies were made more nearly
equal? To the
trigonometrician it
certainly would not
be surprising be-
cause he would know
that when you multi-
ply one sine by
another—or rather a
cosine, which is the
same thing shifted
quarter of a cycle—
you get one sine
added to another. So
no wonder! This is
the mathematical ex-
pression of the well-
known fact, already
mentioned, that the effect of a non-linear or multi-
plying device on two lots of sine waves is to pro-
duce signals of other frequencies, which, of course,
add together to give the results already studied. The
clue to the mystery is that although (a) in Fig. 12
is the same as in Fig. 4, (b) is not. But the difference
between (a) and (b) in Fig. 12 is the same as (b) in
Fig. 4; and as a signal having this difference frequency
is produced by a non-linear device, (a) plus (b)—and
hence (a)—in Fig. 4 is produced by (a) times (b) in
Fig. 12. The difference frequency produced by two
nearly equal frequencies such as in Fig. 12 is a rela-
tively low frequency, as Fig. 4(b). In addition there
is a sum frequency which, being nearly double the
frequency of Fig. 12(a) or (b), gives the higher-
frequency ripple of Fig. 12(c). When multiplied fre-
quencies are very different, as in Fig. 4(a) and (b), the
difference frequency is nearly as high as the higher
frequency, so the difference between these output com-
ponents is small, which accounts for the slow beat
(Fig. 11) yielded by the two together. Actually Fig.
11 (formed by multiplying very different frequencies)
has not quite the same form as say Fig. 9 (formed by
adding nearly equal frequencies). The outline or
“envelope™ of all the positive tips in Fig. 9 :races
half-cycles of sine waves, whereas in Fig. 11 the
presence of a sum-frequency signal smooths the
envelope out into a complete sine wave. This could
be seen better if the “carrier-wave™ frequency were
higher.

Finally, if you have no oscilloscope, etc., but would
nevertheless like a little instructive amusement, you
might care to try the time-honoured experiment shown
in Fig. 13. Tie a piece of string between two fixed
points and hang two others from it with weights
attached. W, is a fairly heavy weight and when set
swinging at right angles to the horizontal string it
will move it backwards and forwards sinusoidally.
This movement will be superimposed on that of the
other pendulum, which should be a different length,
so as to swing at a different frequency. As its weight
is comparatively light, it won’t have much effect on the
first pendulum. The combined motion of W, traces
out a beat, the frequency of which can be altered by
altering the difference between the frequencies of the
pendulum. Actually the analogy is not perfect,
because there is coupling between W, and W,
but it does very strikingly demonstrate beating

Fig. 13. A simple mechanical
analogy for demonstrating the
production of beats.
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and (if the lengths are made sufficiently different)
waved waves. 1 have just obtained a beautiful
mechanical reproduction of Fig. 6.

Marine Radar Aecrials
AT a recent conference in London between representa-
tives of Government research establishments and
British manufacturers, a comprehensive review of the
present state of our knowledge of the theoretical basis of
centimetric beam aerial design and its practical interpre-
tation was contained in thirteen main papers and the sub-
sequent discussions.

The proceedings have now been published by H.M.
Stationery Office and form a concise reference manual
which will prove of value not only to professional engi-
neers because of the extensive bibliographies, but also to
students who will find the essential simplicity and direct-
ness of the many diagrams of great help in following the
principles discussed in the text. The full title is “ Pro-
ceedings of a Conference on Centimetric Aerials for
Marine Navigational Radar,” and the price is 15s (16s by
post), or in U.S.A. $3.50, postage included.

Skort-wave Conditions

Predictions for November

THE full-line curves given here indicate the highest
frequencies likely to be usable at any time of the day
or night for reliable communications over four long-
distance paths from this country during November.
Broken-line curves give the highest frequencies that will
sustain a partial service throughout the same period.
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LETTERS TO

THE EDITOR

The Editor does not necessarily endorse the opinions expressed by his correspondents

 Faulty Interlacing”

~. N. PATCHETT’S article in the July and August

issues is a notable contribution to interlacing tech-
nique. This is not so much because of the particular
circuit which he advocates in his Fig. 20 (there are other
ways of achieving the required result) as because of the
way in which he has established the principles. As a result,
certain peculiar effects which have been noted experi-
mentally can now be satisfactorily explained.

When using trains of frame pulses which are identical in
successive frames except at their ends, like those in
Patchett’s Fig. 9, it has been found that interlacing is not
obtained when the blocking oscillazor has a charging cir-
cuit at both grid and anode. On the other hand, perfect
interlace is obtained when it has one charging circuit
only, at the grid. In both cases, the sync pulses are applied
to the anode.

Referring to the accompanying figure, if fiyback is com-
pleted and the valve rendered non-conductive before the

Y

end of the pulse train, the end of the train can have no
appreciable direct effect on the charge on C. Pulse
currents flowing in L, can induce e.m.fs in L, but, because
C is normally very large compared with the grid-cathode
capacitance of the valve, they can affect the charge on C
very little indeed.

The currents flow directly into C,, however, with an
effect dependent on its capacitance. If it is very large, so
that point A is at a substantially constant potential, they
affect the performance negligibly. If C, is small, however,
as it must be if a saw-tooth is to be developed on the anode,
the precise charge on C, at the start of a scan is affected
appreciably by the pulse currents and differently on
successive frames. The charge at the end of the scan is
dependent on the charge at the beginning and is also
affected. During flyback, grid and anpde currents flow
simultaneously and the magnitude of each is affected by
the magnitude of the other. < The valve therefore couples
C and C, during the flyback and the variations in charge
on C, between successive frames affect the grid waveform
also.

1 noticed this effect some years ago when developing
the Wireless World Television Receiver and I utilized the
blocking oscillator to generate a grid saw-tooth, for the
very good reason that I found it to be the only way of
obtaining good interlacing. A separator giving identical
pulse trains on all frames had not then been developed.
Patchett’s article now provides the reason for this
behaviour which has always seemed somewhat anomalous.

As a result of Patchett’s work and my own experience, 1
would formulate the first requirement for interlacing as
follows: —

It is a necessary, but not a sufficient, condition for inter-
lacing that the frame synchronizing pulses applied to the
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saw-tooth generator shall be identical in successive frames
for such time as they are capable of influencing the
generator.

The= 1talicized clause covers the case mentioned above
and is worth stressing. If the generator is not affected by
differences in the ends of the pulse trains, it is clearly not
worth while using a special separator which makes them
alike, especially if it 1s inconvenient to do so. Provided
that flyback is completed before the ends of the pulse
trains the blocking oscillator with the saw-tooth developed
on the grid, the anode fed from a constant-voltage source
and negative-gomng sync pulses fed to the anode is one
such circuit. Another should be any form of blocking
osc.llator of sufficiently rapid flyback with the sync pulses
injected by a third winding on the transformer.

London, N.14. Ww. T. COCKING.

Television Bandwidth

ITH reference to W. MacLanachan’s letter in your

October issue, I should be glad to have an oppor-
tunity of confirming that the transmissions radiated from
all the B.B.C. television stations include video frequencies
up to 3 Mc/s. There is no intention deliberately to restrict
the bandwidth of these transmissions to some lower figure
within a 3-Mc/s bandwidth such as 2.75 Mc/s.

It is the B.B.C’s aim not only to maintain but to
improve the quality of its television transmissions, since
the 405-line system has not yet been exploited to its fullest
potentialities.

F. C. McLEAN,
Deputy Chief Engineer, B.B.C.

“ R.F. Characteristics of Capacitors™

R. DAVIDSON is to be congratulated on his article in
the August Wireless World, which should be of con-
siderable value to both receiver and suppressor designers.
The specific use of the series resonance of a capacitor
together with the parallel resonance of the complemen-
tary inductor for television band suppressors is of interest
in so far as it 1s a departure from the conventional. Pre-
sumably the normal filter functions of L and C are re-
placed by a form of attenuator which may be resistive,
capacitative or inductive in the region of resonance.
Whilst mention is made of the useful bandwidth of the
capacitor series resonance, nothing is said about the band-
width of the coil impedance. One wonders, therefore,
whether this is at all critical. A further question can be
posed on the behaviour of the suppressor at frequencies
higher than resonance, but within the frequency band
over which suppression is required. Would the change
from low-pass to high-pass configuration give rise to con-
siderable worsening of the attenuation of noise voltage ?
During certain experiments with the design of sup-
pressors to cover the nominal frequency band 0.15 Mc/s—
30 Mc/s 1 have noticed that some improvement can be
obtained between 1 Mc/s and 3 Mc/s when using single
terminal with earthed case capacitors, by taking the cir-
cuit to and from the capacitor as with the two-terminal
connection shown by Mr. Davidson. The process is
simple. It involves merely the removal of the flexible
lead provided and careful soldering of the circuit wires
to the stub connection left. The effect of the optimum
earthing point of the metal case has not, however, been
noticed, as the capacitors concerned are designed to seat
completely in a metal clip, which forms the earth con-
nection.
With reference to the bushing capacitors it seems that
the author has said just enough to whet the appetite and
too little to be of practical help. The transfer impedance
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curve shown appears to represent the ideal, and the ques-
tion of whether such results can be obtained under
practical conditions; i.e., when the capacitors are mounted
within the restricted compass of the average suppressor,
remains unanswered.

It would be useful to learn the best method of mounting
bushing capacitors to give the desired performance, and
how the practical consideration of small areas of metal
(the earth plane of a suppressor) can be related to the
unspecified theoretical requirement.

Froim observation of test results it seems that when
these capacitors are mounted on small areas the parallel
resonance peaks are often of a magnitude such as to lessen
considerably the suppression obtained about 10 Mc/s.
This may well be a function of the mounting.

Perhaps Mr. Davidson could offer his advice on these
points, as an expensive bushing capacitor, which over a
nominal frequency range of 10 to 1 (10 Mc/s—100 Mc/s)
offers an impedance of many ohms, rather than a fraction
of an ohm, is surely wasted. Of equal importance, a
soundly conceived component may thus get an undeserved

bad name.
Weymouth, Dorset. T. E. CLARKE.

Institution of Electronics

AS a regular reader of Wireless World for some years’
standing 1 have always appreciated the ‘“ unbiased”
ramblings of “Free Grid,” but I cannot overlook the
apoarent ignorance which led him to write the last para-
graph in his August article.

“ Free Grid > has missed his opportunity of forming an
Institution of Electronics by many years as the one
already in existence was incorporated in 1920. However,
if he can prove his knowledge and ability in this field he
will be welcome as a member and may write M.Inst.E.
(not M.1.LEtron.E.) after his name.

Electronics is not a subject that any electrical engincer
or electrician can tackle with ecase. I worked on electronic
apparatus before the word was coined, and I feel most
strongly that electronics must be considered as a specialist
subject and to do justice, an engineer must study it as
such. DEREK ]J. SWADKIN, A.M.Inst.E.

London, S.E.2.

Phase Angle Ellipse

\/ ITH reference to the note on p. 432 of the October
issue of Wireless World, may 1 suggest a slight
corzection?

The simple method of estimating phase angle given is
valid onlv when the x and y total deflections are equal; not
the applied signal amplitudes as stated.

These deflections can be made equal if a continuous
amplitude control is available for either signal. The
modern fashion in oscilloscopes is, however, to provide
stepped amplitude control, which means that it is often
inconvenient to satisfy the necessary conditions.

Dundee. H. SUTCLIFFE.

Editorial Note.—It was assumed that the x- and y-deflection sen-
sitivities of the tube were equal, but. as Mr. Sutcliffe points ou:.
it would have been better to say ‘‘ When voltages of the same
frequency but differing in phasc are applied to the x- and y-plates
and have their amplitudes adjusted to produce equal deflections.”

Amateur Operators

CAN see no justification for publication of the letter

from W. A. Richardson (October issue). Not only is
the assumption that all ’phone operators are demons and
all c.w. operators little blue-eyed boys incorrect, but
grossly unfair. While in no way condoning the gibberish
talked by some operators, may I point out that, if Mr.
Richardson were able to read morse code, he would find
an equally large percentage of c.w. contacts are “ pattern”
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copy that serve no useful purpose other than confirmation
of contact. Many operators, and I include myself in this
category, would be completely hopeless in receiving perfect
copy of code groups at 20 w.p.m. Only by sacrificing all
experimental work in favour of operating could one
approach this standard.

Amateur radio is a hobby, a very instructive one and
one that in the event of an emergency can provide a
backbone not of telegraphists but men capable of
installing and maintaining radio and radar equipment.
Only a very small number of amateurs were either wanted
or used as telegraphists during the last war. Given a
reasonable aptitude, an operator can be trained on a high-
pressure basis in a few months, but even poor mechanics
require years of training.

If Mr. Richardson is interested purely in operating, good
instruction, a few reasonably free kc/s to work on and
gear loaned free, may I commend to him one of the
Services wireless reserves—not the amateur band where,
at any rate in England, the largest percentage of stations
are genuinely interested in technical advancement and

progress.
RAYMOND M. EVANS,

Maidenhead, Berks. G3GGE

“Wireless Weorld™ Diary

WHAT is the empirical formula for calculating the out-
put power required from an amplifier to fill a hall
of a given size?

What is an ultra-high frequency?

What standard frequencies does Rugby transmit?

What is the circuit arrangement for suppressing a
thermostat ? or o

What is the annual charge for an amateur transmitting
licence?

It is answers to such Questions as these that are readily
available in the 80-page reference section of the Wireless
World Diary, 1953, which gives in tabloid form the kind
of technical and general information so often needed by
radio men but seldom readily available.

Now in its 35th year of publication, the Diary—which
gives a week to an opening—is a veritable mine of in-
formation, as will be appreciated from this selection from
the contents of the reference section: abacs for estimating
coil windings and circuit constants, addresses of radio
organizations, s.w. and v.h.f. aerial design, circuit diagrams
(including a 90-Mc/s converter and 2-watt a.c./d.c. am-
plifier), licence regulations, component coding and base
connections for nearly 500 current valves selected from our
“Radio Valve Data™

We are advised by our Publisher that all stocks of the
Diary have been desnatched to booksellers and news-
agents, from whom copies are obtainable, price 6s 1id
(morocco leather) or 4s 7d (rexine) including purchase tax.

R/T HANDEBOOK

NOTHER publication into which is collated a con-

( siderable amount of information—but in this case
exclusively on maritime radio—is the “ Radiotelephony
Handbook ” issued by the Marconi International Marine
Communication Co. for the bencit of users of marine
radio-telephone equipment. Details are given of the
services available in Europe, operating procedure and rates
for radio-telephone calls to subscribers ashore via the land
stations listed. Particulars (including geographical position,
transmitting frequency and hours of service) are also given
of the stations in the British Isles, Western Europe and
the Meaditerranean providing facilities for the exchange of
radio-telephone calls to and from ships at sea within about
150 miles of the station.
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Problems of Specialization + R.S.G.B. Show + New London Television

Transmilter « R.T.R.A. Apprenticeship Scheme

Specialization

THIS age of specialization has
made 1t virtually impossible for
a radio engineer to be an authority
on any but a few of the aspects of
radio or electronics on which he is
closely engaged or which impinge
upon his work.

This aftermath of the war, when,
for reasons of security, engineers were
scgregaied into “ information-tight ™
groups, was criticized by W. E. Miller
in his inaugural address as president
of 