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RADIO TUNERS
CHAPTER 1

RELATIVE MERITS OF AMPLITUDE AND FREQUENCY
MODULATION

General Considerations

The basic purpose of this book is to explain the fundamental
processes involved in reproducing musical programmes with as
little distortion as is humanly possible. “ Perfect reproduction ™
as so often claimed in the advertisements is not possible in the
imperfect world we live in, simply because it is quite impossible to
produce a practical piece of equipment that will conform to a
theoretically perfect design.

The loudspeaker is often quoted as being the weakest link in the
chain, simply because we know of no way whereby we can design
a speaker which will radiate sound waves of all frequencies with
exactly the same amplitude either on the axis or in all directions,
and the sound pressure at all frequencies must also be equal in ali
directions if reproduction of the original programme is desired.
Yet although there are very great difficulties in the way of design-
ing good speakers, it does not follow that the speaker 15 the weakest
link, for even a perfect speaker’s performance 1s controlled by the
way it is mounted in an enclosure and by the acoustics of the
room in which it is heard. The room itself might indeed be the
* weakest link ™.

However, the best speaker can only reproduce what is fed into
it, and the best speaker will also reproduce quite faithfully the
distortion that is created before the speaker accepts it. Distortion
arises in the equipment existing between the original performance
and the signal fed into the speaker. Some of this is under the
control of the high fidelity user, some of it beyond his control; the
latter includes shortcomings of broadcast transmitters, telephone
lines, record manufacturers and the people who design, make and
sell pickups.

It is not my purpose to say that Mr. A’s amplifier is a better
amplifier than Mr. B’s, nor Mr. C's pickup better than Mr. D’s.
It is very difficult to define what we mean by ** better ”* for we
lave to ask the question * better for what?’, Mr. C’s pickup
may have a wider, flatter response than Mr. D's, but if it has more
cross-talk between stereo channels we could justly say it is a worse
pickup, for the frequency shortcomings of the D pickup could
be rectified by tone correction, but we can’t eliminate the cross-
talk of the C design.



The most successful high fidelity installation must be considered
as a whole, yet the ultimate user of it does not buy it as a whole,
for no manufacturer has yet succeeded in designing, manufactur-
ing and selling at a reasonable price a completely integrated
system, and it is doubtful if such a manufacturer will ever exist.
The various problems involved are so many and complex that we
find manufacturers who are conscientious and responsible con-
fining themselves to creating those pieces of equipment which they
are best fitted to produce, and that leaves the final responsibility
of selection in the hands of the buyer.

The ultimate selection will, of course, be made on the basis of
what he likes the sound of best; but supposing he says that he is
in no position whereby he can compare one against another, what
is he going to do? Being myself a high fidelity designer of some
35 years’ experience [ confess 1 stifl don’t know all the answers.
At one period 1 was so much preoccupied with a particular piece of
original research I felt I had become somewhat isolated from the
work of others, and when stereo reproduction was launched on an
unsuspecting world I felt that T cught to know what it was all
about.

I knew what was involved, but what [ didn’t know was what had
been achieved, so, seeing an advertisement of a dealer who
offered spot A-B tests of all current equipment by a well-thought-
out switching control panel, 1 went to the shop and asked to hear
stereo. What I heard was neither stereo nor high fidelity and the
salesman seemed annoyed when 1 didn’t get enthusiastic. My
only comment was that I was ready to buy something which would
increase my pleasure 1n music at home, but what he had demon-
strated didn’t strike me as any advance on what I already had, so
1 couldn’t summon up any enthusiasm.

Now, 1 knew why his demonstration failed, and that knowledge
1 had acquired as a result of my professicnal work over several
decades: it is even possible that T might have been able to get hi-fi
sterco out of the equipment he had in his shop, but if T had made
such a suggestion 1 feel sure I would have been branded as an
interfering busybody. Well, I may be a busybody, but 1 am not
an interferer, and so [ can state that this book is intended to guide
you in making suitable choices in your equipment.

The rutes of the game are not very difficult to learn, provided
you keep an absolutely open mind. Nor is it necessary to have a
profound mathematical ability to evaluate what others have done.
Mathematics is required to design a piece of equipment in the
first place, but mathematics 1s just one of the tools of the design-
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er’s trade, and the wrong use of mathematics can be fatal to
success.  As manufacturers don’t give vou. the mathematical
design when they invite you to buy their product, you cannot say
if their theoretical design was originally right or wrong. But you
can criticise the outcome if you know what the rules of the game
are, and those rules are, simply, scientific * laws .

Unfortunately, since scientific laws are man-made rules, a
certain proportion of these laws are not valid. They are valid
within certain limitations, or perhaps they are only statements of
opinion masquerading under the name of laws or principles, and 1
can state from positive knowledge that quite a few of the opinions
held in the field of high fidelity reproduction, and accepted as
*laws ”’, have no real validity at all. So, in giving you the rules
of the game, it is also my duty to tell you what opinions are not
rules; for, in examining the multitude of different makes and
designs presented to vou by the *“industry ”, there are some
designs which are not so much the result of serious scientific effort
as of a particular bee in the bonnet of someone who wants to get
on to the high fidelity band-wagon. At all times you should keep
in mind that sound legal maxim—** Let the buyer beware!”.

Defects in Radio Reception Beyond Your Control

These have to be mentioned because, although there 1s Little or
nothing you can do about it, they affect the final result in terms of
satisfying reproduction. [t is all too easy to think about the
nature of a proposed installation and forget that the world of
reality may make the desired results impossible to attain. 1 have
made that mistake myself. At one time I was dissatisfied with the
programmes I received from the B.B.C. and felt it would be a good
thing to be able to turn to the broadcasting stations of the world.
As T had neither the time nor the inclination to design and make a
tuner myself I investigated the market and decided, at great cost,
to buy a certain multi-waveband tuner fitted wilh variable
selectivity, AVC, tuning indicator, and having high sensitivity; in
fact the best that money could buy.

After a fortnight’s use 1 found that the degree of interference
between stations and from man-made static added to “‘ night

- distortion ™ and other distortions was so intolerable that the signal

injected into my audio amplifier had no enfertainment value at all.
| should have known better, if I had only stopped to think; but 1
just didn’t think that conditions were so bad. 1 am told that
today they are even worse, but as I have no sensitive tuner unit
[ don’t know. 1 have just accepted as something not to be
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disputed that you cannot hope to achieve high-grade reproduction
from distant stations.

The interference that one suffers on ** ordinary ~ transmission
and reception can take several forms. You get interference from
stations on adjacent channels as a beat note sct up by the two
carriers, in theory at 9000 c.p.s.. and as sideband splash through
overlap of the modulated carriers. Electrical machinery which
has not been suppressed behaves as a transmitter, generally of
untuned characteristics, which further modulates the desired
carrier. Fading, resulting from varying reflection from the
Heaviside layer, can only partly be neutralised by automatic
volume control because the reflected wave is not reflected con-
sistently in all its frequency and amplitude components. And,
finally, even on local station reception, the quality of the received
signal is limited by the quality emanating from the transmitter
and passing through the land-lines.

Taking these various factors in reverse order, it is certainly
true that the increasing demands of broadcasting have acted as a
spur for telephone engineers to develop better land-line character-
istics (although they are still not good encugh for the best
results); broadcasting authoritics do within reasonable limits
take care that their transmitters do not distort; electrical inter-
ference will always be with us so long as people who use such
machinery do not care or are not compelled by law to care about
the amenities of others; and adjacent channel interference can
be substantially avoided if you are content to listen only to your
local transmitter with a tuner insensitive enough to pick up an
interfering station. If you are within the service area of your
transmitler you can also forget about fading and night distortion.

That, substantially, was the position of listeners before the
advent of FM broadcasting, and it should be borne in mind
before considering now the possibilities of high quality radio
reproduction and in the future the ways to be adopted for stereo
broadcasting,.

Amplitude Modulation

All transmitters of the CW (continuous wave) type send out a
carrier which is fixed in frequency. On this carrier is super-
imposed the programme material, Whatever method may be
used to do the superimposing, the process is called modulating
the carrier; the function of the receiver detector circuit is to remove
the carrier component and pass on the programme signal in
intelligible form. My reason for making this statement of the

(=]

(to many readers) obvious is to call attention to some incorrect
and misleading terms now in common use.

Presumably because it sounds more highbrow, the process of
detection is now usually called ** demodulation ”, and the
detector the demodulator. 1t is nothing of the sort. What the
detector does is to suppress the carrier and pass on the modulation.
Hence the process that takes place in this section of the receiver
is ™ decarrierisation ” ‘and the detector is a ** decarrierifier .
As there is no point in calling a spade anything other than a
spade, I shall use the terms detection and detector, for we all
know what they mean.

In an equally misguided and incorrect manner the term VHF
in Britain (but not in the U.S5.A)) is applied to the system of
frequency modulated broadcasting provided by the B.B.C,
Such aterm implies that the only difference between this service and
the ordinary one is that the carrier frequency of the former is higher
thanthatofthelatter. Thisdifferencecertainly exists, butthemuch
more profound difference is that they are two entirely different
systems of modulation. I believe it correct to state that this
misuse of the term VHF originated in the B.B.C. and although
1 tried to have this corrected before it became common usage,
I made no impression on the philological bureaucrats. Manu-
facturers these days label certain tuner units AM/FM to show
what is included in the designs, but many writers still talk of
our FM service as being VHF.

Amplitude modulation is used in medium and long wave
broadcasting and in both television video and sound, and these
latter are certainly VHF. Why a totally different type of trans-
mission in Band 2 should not receive its distinctive nomenclature
is one of those things that will not be adopted in this book.
When 1 say AM T mean amplitude modulation whatever the
carrier frequency, and when I say FM I mean frequency modula-
tion whatever the carrier frequency.

Let us now consider what happens with amplitude modulation.
Fig. 1.1.1. shows the effect of superimposing both a sine wave

_and a non-sinusoidal wave on the sinusoidal carrier wave of the

transmitter. The carrier wave is, of course, at some radio
frequency and the modulating wave is within the audio spectrum.
For high fidelity reproduction the audio spectrum is generally
considered to extend from 40 to 15,000 c.p.s.

The shaded area is called the envelope and it is shaded because
the oscillations of the carrier are at such high frequency as com-
pared with the modulating audic wave that they could not be
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Fig. 1.1.1. Modulated envelopes of RF signal, sinusoidal, and irregular.

shown on the drawing true to scale. The drawing docs, in effect,
show what would be displayed on the tube of a cathode ray
oscilloscope. The amplitude of the carrier, Eo, is determined by
the power of the transmitter, and is substantially the average
envelope amplitude. When the audio wave is added there is a
variation in the modulated carrier amplitude between E max and
E min. For sinusoidal modulation the degree of modulation is
given by the simple equation

Degree of modulation = (Eo — E min)/Ee

1f it is desired to express this value, which can vary between 0 and
1, as a percentage, you simply multiply by 100. When the audio
wave is not sinusoidal, as always happéns when a programme is
being transmitted the degree of modulation must necessarily
vary and is expressed in this manner
E max — Eo'
Eo
. . Es — E min
Negative peak (trough) modulation — —E » 100
In both cases if the amplitude of modulation were such that at
trough modulation the envelope were reduced to a point on the
axis of the envelope, the trough modulation would be zero and
the positive peak modulation 100%,. This represents the /imit
of undistorted amplitude modulation, and a moment’s thought
will indicate that the actual power sent out by the transmitter
only occurs on peak modulation. As programmes do not
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Positive peak modulation = % 100

consist exclusively of very loud signals it is obvious that AM
is not a very efficient system since it only uses a fraction of the
available power in the transmitter,

In a subsequent part of this book 1 shall explain how it comes
about that the shape of the modulating audio wave has a direct
bearing on the actual frequencies contained in it. All musical
sounds contain harmonics as well as the fundamental frequency.
and the number of harmonies is closely allied to the steepness
of the wavefront. For the moment, we need only remember that
the postulaie—that frequencies up to 15,000 c.p.s, are needed for
high quality reproduction—derives from the need to reproduce
the harmenics as well as the fundamental, and when ordinary
commercial receivers are designed to give a treble cut-off of
about 4000 or 5000 c.p.s. it 1s not because the designers are unable
to appreciate the advantages of wider range reproduction but
because their prime duty is to produce a sensitive receiver which
will not introduce interference from adjacent channels.

This suppression of higher hacrmonics is a form of distortion and
has to be considered alongside the distortion that may already
exist in the modulated envelope, Between the original perfor- -
mance in the studio and the transmitted signal there is a chain
of equipment which introduces certain defects which can be
classified. The introduction of frequencies not in the original
programme is amplitude or non-linear distortion; disturbance
of the relative amplitudes of the frequencies in the original is
frequency distortion, and incorrect phase relationships is phase
distortion, These terms crop up in discussing amplifiers, and
so should be borne in mind, and distortions of these types
cbviously exist in the transmission whether it is amplitude or
frequency modulated.

There s, however, a Further source of distortion and this is
under the countrol of the operator of the receiver. Any tuned
circuit has a response shown by a resonance curve, and a typical
resonance curve is shown in Fig. 1.1.2. Such a curve shows
impedance plotted against frequency and is almost symmetrical
about a vertical axis located at the tuned frequency. At this point
the gain of the circuit is maximum. If the tuned circuit has a high
Q (efficiency) it will be sharp-pointed, as at (a); if of low Q. or
shunted by a resistance, which can actually be the resistance of
the coil winding itself, the curve will be more rounded, as at (b),
but the gain will be less because the efficiency is lower. If there
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Impedance

a ~/:\ ¢

Frequency

Fig. 1.1.2.  Resonance curves of tuned LC circuits: (a) high Q; (b) low (;
(c) two high Q circuils in series.

are two tuned circuits accurately ganged the curve will be higher
and steeper as at (¢); in other words the two circuits will be more
selective than one circuit. Since the response falls the further
you go away from the tuned frequency it will be obvious that the
higher frequencies will be amplified less than those near the
carrier frequency, hence the expected treble loss with selective
receivers. This is ordinary frequency distortion.

Now suppose the tuned circuit is tuned to some other frequency
than that of the carrier; not a lot, just ** off tune ”. The modu-
lation envelope is symmetrical about its axis of zero amplitude,
but after passing through (or more correctly, being rejected by)
the tuned circuit then the upper and lower halves of the envelope
are not handled equatly and the envelope becomes unsymmetrical
about its axis, since the symmetry of the resonance curve only
exists about its own tuned frequency. This results in amplitude
distortion. There is alsc some phase distortion both on and off
tune, but T do not want to complicate the issue too much,

If the frequency distortion is something we more or less have to
put up with, we certainly need not add amplitude distortion to it,
and this virtually demands a tuning indicator to give a positive
indication when the recejver is exactly tuned to the desired carrier.
Misluning on a TV sct 1s instantly noticeable because of the nature
ol 1he picture, but even a highly trained ear cannot determine with
precision when a continuous-tuned receiver is right on the carrier,
judged aurally, It is somewhat easier with AM than with M,
but an clectron-ray tuning indicator should be considered an
essential part of any high fidelity tuner unit.
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Assuming the receiver is correctly tuned to the desired carrier
frequency, the distortion caused by loss of sidebands through too
selective tuning over the whole signal frequency circuits can be
avoided to a considerable extent by using band-pass funing. In
Fig. 1.1.2., curve (a) shows the response of one tuned circuit and
curve (c} of two circnits tuned to the same frequency. If, now, the
first tuned circuit is adjusted to resonate at, say, 5 ke.p.s. below
carrier frequency and the second adjusted to 5 ke.p.s. above carrier
frequency, you will get a resonance curve similar to that shown in
Fig. 1.1.3. (a), and the width across the two peaks will be 10,000
c.p.s. If the two circuits were adjusted to carrier frequencies of
-+ 10 ke.p.s. the width between the peaks would be 20,000 c.ps.
and this would be nearly enough to give a good audio response
after the detector.

__Mean
Nesponae

Fig. 1.1.3.  Band pass response of (@) iwo and (b) rhree staggered circuits.

But in such a case, and although it is not drawn in the figure, it
will be obvious that the dip between the two peaks would be
rather severe; this valley can most easily be filled up by a third
tuned circuit tuned exactly to carrier frequency, as shown in
Fig. 1.1.3.(b). The most convenient circuit arrangement to include
three tuned circuits is to use a TRF recerver with one stage of RF
amplification; the first two tuned circuits are included in the grid
circuit of the RF amplifier and the third in the anode circuit of the
same valve.

In theory adjustment of these three tuned circuits could be
carried out by adjusting each separately with a signal generator; in
practice, it can’t be done with any precision so simply. The only
satisfactory way is to use a signal generator set to the desired
signal frequency, have this signal swept over a frequency band of
the desired width by a wobbulator, and examine the detector
output with a CRO. Visuval indicaticn of what is happening 15
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essential, for the aim must always be to get an entirely symmetrical
response centred on the carrier frequency.

Consider Fig. 1.1.4. In (a) we have the response of a band-pass
filter in which both tuned circuits have the same Q; but one circuit
is tuned further away from the carrier frequency than the other
with ihe consequence that the impedance at carrier frequency has
been reduced. As a consequence the modulation envelope has
been passed on with [requency distortion, as described above with
mistuning, but in addition the fiat top of the band-pass has been
severely tilted, resulting in one set of sidebands being amplified
more than the other, with consequent complex distortion made up
of a mixture of amplitude, frequency and phase distortion.

With three tuned circuits, of a type already mentioned, again let
us assume that the three circuits still have the same Q. This is

r‘/,\lean
Responsse

Fig. 1.1.4.  Misaligned band pass responses,

iMustrated in (b), and because the third tuned circuit is tuned on
the carrier frequency the effective Q is higher that that of the
band-pass filter. So we have lost the desired flat top and intro-
duced frequency distortion once more. The remedy 15 to lower
the Q of the third tuned circuit, and although, admittedly, this is
shunted by the grid impedance of the detector, it is unlikely to be
low enough to reduce the Q of the tuned anode circuit sufficiently.
So the shunt resistance across the tuned circuit must be lowered still
more to, literally, speil its efficiency. However, the imped-
ance of a tuned circuit varies with frequency, and what shunt
resistance may be desired at, say 450 metres, will not be the same
as that required at 200 metres. ‘ ‘

This is one example of the not so obvious snags that plague the
life of a designer of high fidelity equipment, and it will now be
seen that such an apparently simple task as designing an ordinary
TRY receiver for one broadcast band is not so easy as it would
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seem. [ bad to face this problem many years ago when designing
my own tuner unit for the market, and after considering all the
factors involved, came to the conclusion that the only solution was
1o have a switch-tuned receiver in which the Home, Light and
Third programmes were handled by pretuned and preadjusted
circuits. From the commercial point of view, each tuner had to
be preset in the test room for the three wavelengths operating in
the district to which it was ultimately despatched, by the
wabbulator-oscilloscope method; a great nuisance as it turned
out, but at least it did ensure that the customer would be getting
a non-distorting tuner.

The complete circuit of this tuner unit is given in Fig. 1.1.5.
and includes some features not previously mentioned. The first
position of the switch short-cireuits each tuned circuit to remove
any possibility of radio break-through when reproducing gramo-
phone records. The second position connects a three-gang
variable tuning capacitor, and in this position the receiver is
peak-tuned in perfect alignment. The circuit shows that a
band-pass grid circuit to the first RF amplifying valve is not used,
but in point of fact two RF amplifiers are included. The reason
for so doing is that a detector stage which does not distort under
normal conditions requires a fairly considerable input as *“ normal
conditions . My choice fell on the so-called infinite impedance
or cathode-follower detector, and this, like the diode, Tequires
several volts input for distortionless operation. Particularly if an
antistatic aerial is used in any other than an area of ** saturation
service , a fair amount of RF gain is required and with the loss
ol amplification consequent on staggering the tuned circuits, one
RF slage may not be enough for a non-distorting detector. By
using wo stages the thres tuned circuits could be perfectly aligned
and considerable RF amplification results; this makes the tuner
suitable for reception of distant stations, admittedly with loss of
treble, but wide-band reception of distant stations is impracticabls
in any case; this sensitivity approached that of a conventional
superhet but withal a much quieter receiver. The same three
circuits could also be stagger tuned to give the requisite band-
pass effect by switching jn pre-set air dielectric capacitors: this
ix done by positions 3, 4 and 5 of the switches.

Note that the RF transformers are permeability tuned in
addition.  These, obviously, cannot be adjusted by any switching
Process, but it was found that exact band-pass alignment for any
given three wave-lengths required a certain value of inductance;
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the optimum L value for, say, the London area, was not necessarily
the optimum value for another. The best value of L being
determined, the band-pass alignment was then completed by
adjusting the C’s. If this did not produce the desired flat topped
response the cores of the transformers were reset and the operation
repeated. This will, perhaps, indicate how necessary it is that a
visual indicator like an oscilloscope be used to align even a
simple receiver like a TRF unit.

Electrical Interference

This, as I mentioned earlier, is a form of distortion beyond the
control of the listener in terms of high fidelity reproduction, but
it can be modified by using the * tone control ™, in other words,
by cutting the treble. But it cannoti be eliminated except by
special circuits which in themselves produce results which are not
free from distortion. If is important to understand why this
should be so.

The modulation envelope of Fig. 1.1.1. illustrates the shape of
the transmission involving factors of amplitude and frequency,
but you should not get confused as to which is which. Fig. 1.1.6.
represents two modulation eavelopes and the axes of the diagram
have been called ** amplitude * and * time 7. Envelopes (a) and
{b) represent two frequencies but with the same degree of modula-
tion, hence the mean width about the axis in each case is the same.
On the time axis, let us assume that each envelope extends over
[/50th. of a second. (a) would therefore represent a carrier
modulated at 100 c.p.s. and (b) modulation of 150 c.p.s. Since
the carrier frequency is so high in comparison with the modulating
frequencies it appears, as before, as a shaded area.

Now assume the presence of a nearby * transmitter 7 in the
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Amplitude

Fig. 1.1.7.  Noisve impulses on niodulated envelopes.

shape of an clectric motor, hair-dryer, or the like. This will
send out signals of a sharp impulse type of fixed amplitude but
at a frequency depending on the rate of the sparking between
commutator and brushes of the motor. Since this has its own
amplitude, this will be added to the envelope amplitudes as
depicted in Fig. 1.1.7. (a). If the degree of modulation is increased,
as for example with a loud passage of music, the envelope would
appear as at (b), but since the amplitude of the interference has
not increased, the proportion of signal to interference is better.
This proportion is, of course, the signal-to-noise ratio. o

In the case of interference from another radio transmitter it is
generally reckoned that the ratio between wanted and unwanted
signal should be about 25 to 1, and the “ service ™ area of a
broadcasting station is that in which such conditions are presumed
to exist. Obviously the service area must be a function of the
degree of modulation, and necessarily varies continuously with
any programme having loud and soft passages, but the mean
modulation defines the area. Electrical interference could reduce
the service area of a station to nothing at all, and this actually
does happen if the inferference is close to the receiver, especially
if the receiver is not close to the transmitting station.

Since the interference produces an increase of amplitude of
modulation it should be possible to restrict the amplitude, and to
illustrate the effect of putting up such a * gate” 1 ITave drawn
two parallel lines on Fig. 1.1.7. to indicate a gate wide enough
to pass the modulation envelope (a). This will cut out the inter-
ference on the peaks but do nothing in the valleys, Moreover,
when the modulation amplitude is increased, as in {b}, the gate
will chop off part of the signal. Note that this is not cutting out
the high frequencies; it is cutting out the signal entirely. An
amplitude limiter on AM is therefore out of the question.
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But one can have a frequency limiter—the tone control. The
nterference spikes on the envelope are duly passed on by the
detector, and appear as such in the audio amplifier. If tie radio
circuits were so sharply tuned that frequency limitation operated
before detection, the upper frequencies of the spikes, as with those
of the wanted signal, would be removed, and use of a post-
detector tone control will remove still more, But by virtue of the
shape of the interfering spikes a very wide band of frequencies is
involved, and all tone control can do is to remove the sharp edge
of the sound of the interference; it cannot remove it. There is, of
course, a marked difference between the sound of interference
with a top cut at 2000 c.p.s. as compared with one at 10,000,
The latter reproduces sufficient harmonics to make the sound
very incisive, and some people prefer * meliowness ” to the
edginess of distortion, but that isr’t high fidelity.

So long as AM was the only avajlable system of broadeast
transmission and reception a good deal of attention was paid to
electronic noise-suppressors and interference eliminators, and
some circuits are highly effective in doing what they are intended
to do. There is, however, an appreciable risk of introducing
distortion of the modulation by ** doing things ”* to the response
which includes the interference; the tendency today is not to use
these circuits. Undoubtedly the best way of reducing interference
to a high fidelity installation is to use one of the special antistatic
aerials designed by a company which specialises in such problems.

The Best Type of AM Receiver for High Fidelity

Before discussing this question I should point out one last
source of distortion of the desired signal—valve noise. Except
in the case of specially designed and made valves where consider-
able attention has been given to eliminating this fault, valves are.
to greater or lesser degree, * noisy ™ in that they add a hiss to the
detected signal. This, called shot noise, is generally originated
in the anode circuit of a valve and due to the random variation
of the anode current resulting in random variation in the rate of
electron arrival on the anode itself. There is also noise generated
by thermal agitation in the associate circuits, but this is of
Jesser magnitude and only becomes prominent with a high degree
of amplification.

If a noisy valve is at the front end of a receiver then the noise
will be amplified by successive stages. In a superheterodyne
receiver there may be two or three stages of amplification in the
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1F amplifier and the noise as well as the signal will be suitably
amptified; it is also unfortunate that frequency-changer (mixer)
valves are noisier than triode or pentode amplifiers. A superhet
is therefore basically noisier than a TRF receiver for this reason,
and the mere fact that there are more valves in the whole arrange-
ment, each of which is capable of adding its mite of noise,
emphasizes the fault. Moreover the superhet has other dis-
advantages not present in the TRF receiver—oscillator hiss and
microphony, image production, oscillator drift and consequent
tracking difficulty. :

In a well-designed and properly adjusted superhet, the latier
troubles are not present, but no design will overcome valve noise,
unless specially selected valves are used and almost certainly
a separate oscillator triode. And, of course, the supreme merit
of the superhet is its constant selectivity. ! pointed out above
that the tuped L/C circuit impedance varies with frequency,
and in an ordinary TRYF receiver the selectivity will be greater
at 200 metres than at 500. Any medium and long wave band
TRF receiver is very noticeably more selective on medium than
on long waves, and the same applies to the medium wave band
itself. This was one of the reasons why [ decided on a switch-
over TRF receiver, as illustrated in Fig. 1.1.5, for not only could
1 ensure that the band-pass on each received wavelength was
tevel, but of the same width.

Where the required signal has that 25:1 preponderance over
an interfering signal the extra sensitivity of a superhet is entirely
unnecessary. Moreover, it is only in such a receiving location
that high fidelity reception can be ensured. 1f we add to this the
inherently quieter characteristics of the TRE receiver, the choice
seems inescapable. But if the receiver is of the countinucus
tuning type, then it seems highly desirable that the proper steps
be taken to provide reasonably equal selectivity over the whole
medium wave band, and that the band-pass has a flat top at all
wavelengths.  As this is not very easy to attain, the switch-
tuned arrangement has a great deal in its favour—if it is properly
set up in the first place. Remember, however, that an unswitched
receiver should most certainly have a tuning indicator.

Frequency Modulation

The basic difference between AM and FM is that in the former
the frequency of the carrier is constant and its amplitude varies
with the modulation, whereas in the latter the amplitude of the
carrier i1s constant and its frequency varies with the modulation.
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An illustration of what happens is shown in Fig. 1.1.8 where an
unmodulated carrier is followed by modulation by a sine wave.
The drawing is far from being to scale, since, to show the variation
in carrier frequency with FM, shading cannot be used. More-
over the frequency of an unmodulated carrier is very much higher
than that of the usval amplitude-modulated carrier, for reasons
we shall see in a moment.

[t is not the purpose of this book to give a complete description
of the process of transmitting and receiving FM signals. There
are plenty of books dealing with the subject in both an elementary
and complete manner, to which the reader is referred if he feels
inclined. Among the former it is commonly stated, as a matter
of fact, that there are many more side band frequencies in FM
than in AM, and if this is so, then it is obvious that a wider
Ir'cquency separation in adjacent channels is necessary. The
statement is perfectly correct, but many writers do not make it
clear to the reader why it should be so; perhaps in some cases
the writer has just copied what has been said by an authority.
Yet since the aim in this book is to cultivate a critical attitude
in your mind, it seems to me necessary that the thing should be
cxplained.

Frequency modulation is not new; it was suggested nearly
40 years ago. Once it had been thought possible at ail to convey
intelligence by varying the frequency of the carrier instead of its
amplitude the difficulty of an ** overcrowded ether ” scemed
to vanish. But the early workers did not spot a trap which was
artfully conecealed by the very nature of the beast,

Fig. 1.1.1 shows an AM envelope; the vertical axis is in units of
voltage or amplitude; the horizontal in units of time or duration.
There is no frequency axis, so the only way to determine the
lrequency of any part of the envelope is to count the number of
oscillations in a known lapse of time, as is done in Fig. 1.1.6.
This, of course, is simple sinusoidal modulation, and only one
modulating frequency has to be counted. In the case of a complex
wave—and the waveform of music is always complex—there are
not only the fundamental frequencies of the modulation but the
harmonics as well.  The amplitude of these harmonics is nearly
always less, individually, than the fundamental, and so the power
al which they are radiated is also less; but radiated they are and
they constitute the frequency width of the AM transmission.
I the carrier frequency is, say, 1000 ke.p.s. (1 megacycie) and the
highest modulation frequency (fundamental or harmonic) is
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10 kc.p.s. the side band spread will extend frem 1006 — 10 ke. to
1000 - 10 ke.: that is, a total width of 20 ke,

Without stopping to think. one could assume that since the
basis of conveying the signal is ** deing something ™ to the carrier
50 many times a second, exactly the same would apply to FM.
But supposing you do stop and think: you would have some
justification for supposing that you could do with a very much
narrower frequency band. First let us get some definitions set
down.

In AM the andio modulation produces an instantancous change
in carrier amplitude and the whole envelope is a summation of the
whole series of instantaneous changes. In FM the amplitude is
kept constant and the modulation produces an instantaneous
change in frequency. In case the word ° instantaneous ® worries
you, just remember that in dealing with complex entities, analysis
{mathematical or physical) precedes synthesis; you have to break
the thing down into little bits, see how the bits are related to each
other, and then reassembie the bits. If you want to kid the
ignorant layman that you are a swell mathematician you call it
the differential and integral calculus. 1t sounds more impressive
but that is all it is. In the present case our little bits are instan-
taneous amplitudes and instantaneous frequencies, and as they
change from instant 1o instant with respect to each other, we
have to get hold of an instantanecus bit and see what happens
to it. '

The rate at which the instantaneous frequency varies is called
the miodulating frequency, and obviously is related to the frequency
of the modulating audio wave. The amount of frequency variation
from the unmodulated carrier frequency is called the deviation
frequency and is determined by the amplifude of the modulating
wave,

Suppose, now, that the FM carrier is moduiated with a sine
wave of such amplitude that the deviation frequency is 4= 10
c.p.s.; that is to say the instantaneous frequency of the carrier
is varied between 1000.01 and 999.99 ke.p.s., if the unmodulated
carvier frequency is 1000 ke.p.s. Ifthe modulating sine wave hasa
frequency of 500 c.p.s. then all we have to do 1s to change the
instantaneous frequency at the rate of 500 times per second. If
the modulating sine wave had twice the amplitude and twice the
frequency, the deviation frequency band width would be +
20 c.p.s. and the instantancous frequency varied 1000 times per
second. And this can be proved mathematically! It follows,
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Iig. 1.1.8. Frequency modulated carrier.  Fig. 1.1.9. Enlarged portion of FM
signal showing divergence from sine
wave when frequency changes.
therefore, that it should be possible to transmit a 500 c.p.s.

frequency on a carrier with a band width of only 20 c.p.s. And
therein lies the trap.

The snagis that when the frequency of the carrier is changed by
modulation it ceases to be sinusoidal, as can easily be scen from
tig. 1.1.8, and when it is not sinusoidal it must consist of 2 fun-
damental sine wave of carrier frequency plus a series of harmonic
sine waves. A small portion of Fig. 1.1.8 is shown enlarged in
Fig. [.1.9. The dotted wave represents the unmodulated carrier;
when modulation is applied the frequency changes and is shown
as a solid line.  If the unmedulated carrier is sinusoidal then the
modulated carrier is not, and what it consists of can be found by
Fourter analysis, which will show that the modulated carrier
consists of a fundamental sine wave of carrier frequency plus a
limily of other sine waves having 2, 3,4, 5. . . times the carrier
requency.  The amplitudes of fundamental and harmonic fre-
quencies will produce various deviation frequencies, and so will
produce a lusty crop of side band frequencies. The result is that,
lor a given modulation frequency, you will get more side fre-
quencies with FM than with AM, for in AM only the frequencies
ol the modulation vary the frequency of the carrier, whereas in
I'M you also get the frequencies developed as a result of the
chinge of frequency of the carrier,

‘The equivalent in FM of AM depth of medulation is catled the
modulation index and is specified by dividing the deviation
frequency by the modulating frequency.  As we have seen, in
AM maximum undistorted modulation is 100 9 when the amplitude
al' the envelope has been reduced to zero. As the FM amplitude
renmiaing constant, it can be seen that the modulation is always
1007 (to use that term somewhat loosely), and the power radiated
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Fig, 1.1.10.  FM carrier and sidebands for various values af modulation index..

by the transmitter is always a maximum. Since, however, side
frequencies are produced, the power for these must be taken from
somewhere, and it is in fact taken from the carrier power. A
condition can arise when, for a certain value of modulation index,
all the power is taken from the catrier and appears only as side
frequencies. Fig. 1.1.10 shows the proportion and number of
side frequencies for various values of modulation index, and
where power is drawn from the carrier the solid line representing
the carrier in the top diagram is replaced by a dotted line for
purposes of comparison. These diagrams are graphical rep-
resentations of mathematical analysis of simple cases involving
sine waves. In real life the waveforms of musical modulation are
very complex, and each sine wave component of the complex
waveform produces its own band of side frequencies. These
various frequencies further produce combination frequencies, so
that it may well be said that the side bands of an FM transmission
are infinite, Many of these have se little power that they can be
neglected. ‘

As a standard for FM transmission has had to be laid down, it
has been adopted that the highest modulating frequency is
15,000 c.p.s. of such amplitude that the deviation frequency 1s
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L 75 ke.p.s. To provide enough elbow room for side frequencies
ol importance, those which have a magnitude of 1% of the
carrier, a further 35 ke. is provided on either side of the carrier
lrequency.  This makes the total width of the FM channel
220 kc., and js considered adequate for high fidelity breadcasting.

Obviously, such a wide frequency spectrum is impossible in the
medium wave band, where even 12 kc. is enough to set up
interstation interference.  When the needs of FM were properly
realised, further consideration was postponed until VHF technique
wus sufficiently advanced to make it readily available. The
cven wider frequency spectrum demanded by TV was a spur in the
required direction.  Advances in TV and FM have been made
almost hand in hand.

Interference on FM

In a general way those forms of interference which make AM
vnsuitable for high fidelity reproduction also apply to FM,
There is nothing in the nature of FM to make it free-er from
interference than AM just because it is FM; it is the conditions
under which FM is used that determine relative freedom from
inlerference and distortion.

Because FM transmissions occur in the VHF band certain
lorms of distortion and interference are eliminated or reduced.
I‘'or example, selective fading as experjienced on medium wave
AM does not oceur as there is virtually no indirect signal reflected
rom the Heaviside layer; reception only of the direct signal occurs
al the receiver and so out-of-range direct signals {rom other
transmitters do not interfere. Ordinary electrical interference is
miuch less troublesome in the VHF band, yet it can occur as can
I'c scen on any TV set. These same advantages would, of course,
he obtained with AM operating in the YVHF band,

Use of the VHF band does, however, necessitate the use of the
di-pole aerial. and this can be made very selective, unlike the
ardinary medium or long wave band aerial which is almost
entirely non-directional. With the adoption of the di-pole aerial
we can at once establish a better signal-te-noise ratio, and in the
vise of TV it is common knowledge that, except in swamp areas,
e aerial must be designed for the locality of the receiver. Even
so, snow " on the TV screen and accompanying noise in ths
spueaker can be seen and heard, yet an FM receiver working in the
same situation and at the same time would not reveal such
iferference.  This contrast is due to the nature of FM. and if we
cookl have FM-TV the same benefit would be gained.
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The reason for this is guite simple to explain. In Fig. 1.1.7. T
show that electrical interference 1s represented on the modulation
envelope as added spikes, since the interference is added amplitude
modulation. In a British TV set both video and audio signals are
AM, hence the interference is both seen and heard. Now the
interference will inevitably add spikes to a modulated FM
carrier, but since the amplitude of the carrier is constant, the
gate of Fig. 1.1.7 can be so adjusted that it passes the envelope
but rejects the spikes. In addition, the detector of an FM
receiver must obviously be designed to respond to changes of
frequency, not amplitude, and if it can be designed so that it
refuses to handle amplitude variations, then the interference, in
theory at any rate, will be rejected, In practice perfect rejection is
not possible, so the detector must be aided by a ** gate ', which is
the fimiter in an FM receiver.

General noise existing in efther system, noise in the transmitter,
created between transmitter and receiver, shot effect and thermal
agitation in the receiver, does not operate quite the same in FM as
in AM. So far as the first and the last two are concerned, the
position is the same in both cases, but the sensitivity to outside
noise is about half with FM as with AM. 1t seems hardly
necessary to give the reason for this as it has no bearing on the
design of FM tuners, but it is important to point out that general
noise can be given a treatment to reduce it which is not possible
with AM. ‘

Y ou will be conversant with the surfacenoise of the old-fashioned
short-playing record which, in its plastic make-up, had an abrasive
ingredient which, so legend holds, was intended to wear the steel
needle so as to make replacement essential.  Be that as it may, sur-
face noise was aperiodic in the sense that it had no natural resonant
frequency; but if there was any resonance in the reproducing
system (and there usually was a very bad one at about 3000 c.p.s.
in speakers) this aperiodic noise tended to gather round the
resonance—to modulate it, as it were——and produce a prominent
hiss. If one then applied a * mellow * tone control, by cutting the
audio response to something of the order of 2000 c.p.s., or even
less in the cheapest equipment, the surface noise was eliminated,
and most of the musical value of the reproduction, too. Nowadays,
of course, our L.P. records are much quieter, inherently, but, as
in the old days, they have a recording characteristic which is not
level. The bass is attenuated to provide more room on the record
surface, and the treble is boosted to make the signal-to-noise
ratio better at the high frequencies. In the reproducing amplifier,
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to compensate for this, the bass is boosted and the treble given a
predetermined roll-off.

1 this idea were applied to AM broadcasting it would be found
that it doesn’t work. First, the modulating signal is controlled
so that on peaks the modulation is 100%;, and that means 100 %,
al any frequency. It usually happens, too, that in a musical
programme a peak signal also contains a lot of high frequencies,
or the harder you hit a percussion instrument, the more vigor-
ously you blow a trumpet, so will you generate higher harmonics.
New if you think of injecting a treble boost you will overmodutate
in the very region where distortion is most noticeable, and if you
decide to reduce the basic modulation so that you do not over-
modulate on foud passages, you will so reduce the mean power
ricliated by the transmitter that the signal-to-notse ratio at the
receiving end may be worse than it was in the first place; and
hat is where you came in.

In the second place, pre-emphasis, as it is called, of the treble
will pre-emphasize the side bands, and if alt AM transmitters did
(he same the inter-station interference through side band splash
would be made worse than ever, demanding still greater receiver
sclectivity, so cutting the treble you are trying to emphasize.

With FM the treble can be pre-emphasized without these dire
results,  Admittedly, pre-emphasis will increase the deviation
frequency, but a system of pre-emphasis can be used without
cxeeeding the allotted frequency spectrum. So, in practice, pre-
ciiphasis of the treble is an accepted routine in FM broadcasting,
and it foliows that de-emphasis is an integral process in the receiver.
'l combination results in a better signal-to-noise ratio, just
as in the reproduction of records.

Shot effect and thermal agitation noise are inherent in the
receiver, whether it 1s handling AM, FM or any other system of
modufation.  So far from FM being beiter than AM in this
respect, it is actually worse, since noise in the receiver requires
much more careful treatment at VHE than at the frequencies of
the medium wave band or the IF frequencies of a medium/long
wive superhet.  Moreover, in the VIHF band a superhet is virtually
obligatory, since RF amplification at very high frequencies is
extremely difficult, and not practicable on a commercial scale;
and 1 have already pointed out that a superhet is fundamentally
a noister type of receiver than a TRF unit,

Illl'i.‘i does not mean to say, in spite of the dismal outlook, that
I'M s werse than AM in this direction; but it does mean that an
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FM receiver must be very much more carefully designed and
constructed than its AM counterpart. Almost anyone can fiing
together an AM—TRF unit, even if correct alignment 1s not so
easy, and make 1t work. It does not require much skill to put
an AM superhet together, provided the difficulties of tracking
and alignment are faced and overcome. But any VHF receiver
is much more critical than its medium wave companion because
the placement and interconnections of every single component
must be most carefully thought out.

The next chapter will deal with the design features of the FM
tuner and consider the implications of adopting the AM/FM
technique. It is my personal conviction, which 1 am always
ready to modify, that combining two types of receiver in one unit
is a mistake in terms of high fidelity, because it is a compromise
determined by capital outlay. 1 believe that if one wishes to
receive FM programmes as a source of high fidelity entertainment,
then it is best to use a device which has been specially and care-
fully designed for the job. T think, when the arpuments jin this
chapter have been absorbed, you will agree that FM is a must if
high fidehty 'is desired, and the consequences of adopting FM
technique must be faced. Then, if contact with the radio world
outside the local FM station is desired, select a suitable and
separate AM tuner,

But T must stress once again that selecting a high-grade FM
tuner requires quite a lot of thought. Merely because some
manufacturer gaily offers an FM tuner is no guarantee that the
advantages of FM are assured. It is a matter of statistical record
that both in Britain and the U.S. the arrival of FM broadcasting
produced a crop of extremely unsatisfactory FM receivers.
This was not because manufacturers were more unscrupulous
when FM arrived, but just because they had more opportunities
for making mistakes. This, in the result, created a situation
where the FM customer found himself much maore badly served
than the AM customer.

Responsible manufacturers, with adequate research and design
facilities, are perfectly capable of solving the problems involved;
and intelligent home-constructors, with good guidance, can make
their own units and expect good results. But both selection and
construction demand care and discrimination.
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CHAPTER 2
DESIGN FEATURES OF FM RECEIVERS

‘The logical design of an FM receiver involves consideration of
Wl its parts in their relations with each other. This is in some
contrast to the equivalent design of AM units. For example,
i any superhet it is important to have a signal frequency am-
plificr before the frequency changer for several reasons: such an
amplifier provides a better signal-to-noise ratio and makes for
more cfficient frequency changing; the existence of the RF stage
prevents, to a considerable extent, interference from the oscillator
heing injected into the receiving aerial and causing interference
lo other receivers in the district. The local oscillator is a trans-
mitler, and its output must be restricted to the sole purpose of
providing an RF frequency to be combined with the incoming
siznal to provide a new signal of a frequency for the amplification
of which the IF amplifier was designed. '

In an AM superhet what is desired is efficient amplification,
arl the noise generated by the RF stage is just one of those things
that have to be accepted as inherent in the principle. Admittedly,
115 just as important to reduce noise in an AM receiver as in an
I*M. but because there is a limit to what can be got out of an AM
- ferms of ™ noiseless ” high fidelity, the noise of the RF stage
dues not become quite so important, If the full virtues of M are
lo be preserved, which includes reproduction of audio frequencies
np 1o 15,000 c.p.s., then noise must be kept down to the minimum.
It js certainly true that the FM principle does make for noise
vlimination, in view of the fact that noise is AM modulation of the
I'M signal and the limiter tends to get rid of the AM component,
hut the position is more complicated than would appear, for noise
penerated in the receiver is a constant and the incoming signal’s
niapnitude is not constant as between stations. Sometimes the
teceiver noise will be too great for a given desired signal and so
mereiscd AM limitation is required. Thus the selection of the RF
“tiec can only be made bearing in mind the degree of limiter action
1w proposed to incorporate in the design, and the degree of
lmulﬂ-‘ action is in great measure involved in the design of the 1F
Sdphhier,

I'he best way of disposing of these problems is to deal with each
wvtion of the FM circuit separately, showing the various tech-
migues used, how the sections are linked together and their inter-
telations. A block diagram of an FM receiver is shown in
Fie. 11 terminating in the audio frequency cutput. The block
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Fig. 1.2.1. Block diagran of FM receiver.

diagram of an AM superhet would, of course, look exactly the
same except for the omission of the limiter and de-emphasis
seclions.

‘The Radio Frequency Amplifier

As compared with ordinary AM receivers the frequencies to be
treated in an FM receiver are very high indeed; they are, in fact
* very high frequencies . Quite apart from the mere fact that the
connecting wires themselves have sufficient inductance to play
havoc with the actual inductor design and the physical presence of
the various components with their inevitable inter-component
capacity can equal or surpass the inter-electrode capacity in the
valves, tending towards instability, shot ecffect and thermal
agitation noise increases with frequency. 1n the world of VHF, it
can be stated as a general principle that a pentode is noisier than a
triode, due to the electron stream between screen grid and anode
taking on random characteristics. Thijs is called partition noise,
and for a given amount of amplification gives the pentode some
3 to 5 times the noise from a triode.

It would seem, therefore, that the answer is to use a tiiode; but
to use a triode in the conventional manner will introduce self-
oscillation at VHF frequencies owing to the inter-electrode
capacities in the valve itseif. In the old days of broadcasting,
before the invention of the screen grid valve, RF imstability
occurred at medinum wave band frequencies with triode amplifiers,
especially when two RF stages were attempted. This was over-
come by the process called neutralising and consisted simply of
feeding back a small voltage 180° out of phase with the voltage
fed back by the capacity between the grid and anode of the valve.
A precisely similar technigue can be used today in a VHF triode
amplifier and is ilustraied in Fig. 1.2.2 {a) where NC is the
neutralising or feedback capacitor.
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Vig. 1.2.2,  RF amplifiers: (@) neutralised triode; (b) gf.'ozmc[ea' grid.

An alternative method is to use a grounded grid amplifier ; this
v depicted in Fig. 1.2.2 (b), and is a radical modification of the
ordinary amplifying circuit wherein the signal voltage is applied
to the prid of the valve and the cathode is earthed, usually through
the bias resistor and its capacitative bypass. In the grounded grid
cireait the grid is earthed and the signal voltage applied to the
cafhode. Since the grid is earthed it acts as an electrostatic screen
Letween cathode and anode, and virtually eliminates the inter-
clectrode capacity, so producing stability.

Unfortunately something is lost in the process. The circuit has
raherent negative feedback and so the voltage gain of the stage is
teduced, but if a suitable valve is selected so that there can be
1 slage gain of about 10, this would be sufficient to achieve the
requirements of having an RF stage at all. A stage gain of 10
would be quite impossible with an un-neutralised triode.

e grounded grid amplifier has a low impedance cathode
vireuit, and the LC circuit in Fig, 1.2.2 (L.Cy) is rather heavily
damped. 1f this circuit is made to resonate at the mid-frequency
ol Band II, by suitable choice of value Cs, it need not be tuned
over the band, for the impedance curve of the circuit is fairly
It topped. However, there will be little gain from the stage if it

tnot tuned to the desired signal frequency, so tuning is effected in
the anode cireuit, either by a variable capacitor or by varying the
nductor slug, or both. This is indicated in Fig. 1.2.2 (b). The
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Fig. 1.2.3.  Cascode a‘mpn'rﬁm'.

damping of the cathode tuned circuit can be reduced by returning
the cathode to a low tapping on L., but this may so sharpen the
selectivity as to make cathode tuning necessary; this modification
is rarely used.

The advantages of both a neutralised triode (with fairly high
zain) and the low noise characteristics of the grounded grid can be
combined in a technique widely used in multichanne!l TV receivers
—the cascode amplifier. A typical circuit is given in Fig. 1.2.3 and
requires the use of a valve specially designed for the job (ECCE4),
consisting of two high gain triodes well screened from each other.
The first triode 1s neutralised by the feedback capacitor C. in
series with Cs; the second is the grounded grid valve.

Tt may be thought a very odd state of affairs that there seems to
be no HT on the first triode, but it should be realised that the
basic idea of the cascode amplifier 1s two valves connected in
series, and the operating conditions for the first triode are
obtained through the second. This means that the cathode of the
second triode is positive with respect to earth and the voltage on
the grid must be adjusted to suit so that the valve may function
normally. This is achieved by the potentiometer R:Rs connected
between HT+ and HT—. Thus, the grid of the second triode is
not grounded for 1.C. but it is for RF (which is all that matters)
by the capacitor C.. Inthefigure, R, is the conventional grid return
resistor, R» the bias resistor, bypassed for RF by capacitor Ca.
It is customary to include a small inductor in the lead from the
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iy 1. Two pentode oscillator-inixer (Courtesy Mullard Limited).

st anode to the second cathode to give reasonably constant gain
over the frequency range the stage has to amplify,

1n spite of the obvious advantages of a triode as an RF amplifier
al hiph frequencies the extra gain to be obtained from a pentode is
ol considerable importance. Provided a suitable valve is selected
and used correctly, noise can be kept down to a rcasonably small
level, This requires co-operation beiween valve and set designers,
and particularly with the advent of Band 111 television new
jentodes have been developed, of which the EF91 is a typicai
cuumple, A tuner should not, therefore, be condemned just
because its circuit shows a pentode in the signal frequency
amplifying stage. If it is the right valve it will be a quiet amplifier.
I'he EF9L is a quiet valve, so much so that it may usefully be
craployed as a local oscillator (where an ordinary triode could
vrve) In an arrangement such as that shown in Fig. 1.2.4. This
application 1s found in certain TV receivers and can also be used
as an FM frequency changer.

Ihe frequency changer

I'here is no basic difference between the frequency changer of
an AM or FM receiver. The principle is quite simple—a locally
pencrated sine wave is created in the oscillator and this is made to
Leat with the incoming signal in the mixer, the outcome of which
process is a new signal having a frequency equal to the difference
Iwiween the carrier frequency and the oscillator frequency. This
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is the intermediate frequency, and it is of no mathematical
importance whether the oscillator frequency is above or below
that of the carrier. Thus, in an AM superhet, the unmodulated
carrier may have a frequency of 1000 ke.p.s., and if an intermediate
frequency of 470 kc. is selected the oscitlator frequency can be
cither 530 or 1470 ke. When the carrier is modulated the inter-
mediate frequency sine wave will be AM modulated in exact
sympathy with the modulation on the carrier. In FM reception,
the frequency of the intermediate frequency will be modified in
exact sympathy with the rnodulation on the carrier. Speaking
generally, the choice as to whether the oscillator frequency is above
or below the carrier frequency will be determined by the pusity of
the oscitlator output and the degree of interfering signals passed
on by the RF amplifier.

The osciilator output should be free from harmonics, for if it is
not the harmonics will beat with the signal frequencies and
create unwanted iatermediate frequencies which will be duly
amplified and detected. ln mass-produced receivers it is some-
times found casier to use a harmonic of the oscillator frequency
to avoid these spurious signals, but this is a design practice not to
be recommended for high fidelity. An overdriven oscillator will
produce harmonics just as happens with an overloaded amplifying
valve, so the oscillator must be designed to ensure sinusoidal
output.

The oscillator frequency must be held constant, either in AM
or FM, but it is particularly important in FM because the
frequency spread passing through the amplifier must be presented
perfectly symmetrically to the FM detector. The two halves of
the FM detector deal with signals which are symmetrically equal
but opposite in phase, and if they are not, detector distortion will
be serious. This is related to my earlier statement that an accurate
tuning indicator is virtually essential in a high fidelity FM
receiver, for the oscillator tuning must be so controlled that it
gives exactly the right intermediate frequency; and it must stay
right.

In the medinvm wave band oscillator drift is of no great con-
sequence, but in the VHF band it becomes a serious problem
since even the leads inside the valves themselves have appreciable
inductance and any change in length due to temperature will
change the characteristics of the circuits. This applies, of course,
to every part of the signal frequency section of the receiver, and
the utmost care has to be taken to make the dimensions as small
as possible with the shortest possible leads, with uniform
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Ganmpernture and humidity, and well screened. In practice the
Loperature cannot be kept within very narrow limits, so suitably
chosen hixed capacitors having the proper temperature coefficients
st be dded 1o the basic circuit.

Oscillater drift is an infuriating defect, and many readers will
tve sullered from it when ITV programmes were started on
Band 111, A Band 111 converter ™ is simply a {requency changer

added o the single channel TV set, making the whole set-up a
deuble snperhet, the signal frequency amplifier of the TV set
Loy used as the first TF amplifier. Many of these converters
were rushed on to the market without much attention being paid
oo drilt, with the consequence that there was a pictorial demon-
ration of what happens when the oscillator goes off tune. No
I'M 1uner is worth considering unless the greatest care has been
talken to prevent oscillator drift.  The difficulty is that this cannot
e checked by mere inspection, but if the specification categorically
“lales that automatic frequency control has been incorporated
then you can be reasonably sure that stability will be achieved in
prachiee,

Noisc in the frequency changer increases with the number of
ectrodes in the valve selected; thus, a triode is quieter than a
pentode, and a pentode quieter than a hexode or heptode. This
Latement assumes that the mixer valve is imcluded, for the
lrequency changer tn an AM receiver is commonly a triode
Ievewde,  Conversion efficiency in a triode hexode is not good at
VI and the valve is noisy, although some FM receivers do
awclude it, the valve being specially developed for the job (e.g.
I CHI8 (). The mixer vakbve is, of course, the beginning of the IF
amplifier, and can be entirely separate from the oscillator. At
thie other extreme it can be the same valve, when it is called a
wil-oscillating frequency changer. It is widely used in inexpensive
I ™M reecivers, where economy of components i1s of mmportance,
ikl comprises a double triode of the ECCB4 or B719 type; the
tad hall 1s used as the RE amplifier, the second as a combined
owcillator-miger in a manner shown in Fig. 1.2.5.

lere the coupled inducters L.L. are in the grid and anode
cuenils of the valve, the latter through the medium of the feedback
~apacitor Cs. The oscillator frequency is governed by the variably
tuned circuit C:La. The oscillator output vollage is developed
avross Ly and could be fed back to the aerial and cause interference
v other nearby receivers, To avoid this the output from the RF
amplilier is fed into a capacitative centre-tap of the grid inductor
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Fig. 1.2.5. Self-escillating frequency changer.

and C. is added, thus making the whole circuit C,, Cz, Cs, Ca.
L+, L. and the interelectrode capacity of the valve a bridge which
can be balanced by adjusting the semi-fixed capacitor C.. When
balanced the oscillator voltage at the point of RF entry is practi-
cally zero.

This arrangement, therefore, disposes of RF amplifier, oscillator
and mixer in one valve envelope; but there are drawbacks. Itis
necessary to neutralise the triode by feeding back some of the IF
to the grid (not shown in Fig. 1.2.5); as an oscillator, spurious
oscillation can cause trouble, and there is certainly some pulling
of frequency between it and the RF amplifier, making the oscillator
frequency unstable. [t must therefere be ruled out for a high
grade tuner.

There are many other possible arrangements for frequency
changing, each having merits that appeal to designers, but it can
be taken as a safe working rule that, for a high fidelity FM tuner,
the RF amplifier valve should be in its own envelope; the oscillator
should be a triode, for quiet operation, and the mixer valve again
in a separate envelope, either triode or pentode of the EF91
type. The oscillator triode could be half of a double triode, the
other half of which is used for AFC of the osciliator.

Admittedly, this separation of valves does not lcad to so
compact an RF tuner/frequency changer unit as one incorporating
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valves with sombined functions, and more care is required in
faveur and conncetion; but the refined performance makes the
ot rouble and expense well worth while if high fidelity resalis
are dened,

The nterinediate Frequency Amplifier

The pnoblems associated with designing an IF amplifier for
I'M e neh more difficult than in the case of AM. Since the
nore redueing characteristics of the FM system can only operate
if the AM component represcnting the noise is rejected by the
bnuter, o Tollows that a sufficiently large signal must be presented
o the linnier to enable it to slice off the AM noise spikes. This
mens there must be a greater degree of amplification in an FM
amphlicr than 1n an AM, yet the conditions under which the
B'M lus 1o operate militate against high efficiency.

First, the frequency band width to be amplified is very much
widler, imutter of 150 to 200 ke, and this demands either staggered
tuning, of the TF transformers or they must be of the band pass
type: as was pointed out when 1 discussed TRF receivers for
AM recepiion, this results in loss of gain per stage. Next, the
freguency al which an FM amplifier has to work, something of
the order of 10 me., does not permit the amplifying valve to give
the pain that would be normal with an IF of 470 ke. If attempts
nre made (o boost the gain by using transformers having very
lipth Q. the interelectrode capacity of even a pentode is sufficiently
hiph to give positive feedback resulting in instability. As in the
old days triodes were neutralised to give stability on medium wave
hrequencies, so today pentodes are sometimes neutralised to
rove stability in the VHF band.

Ihere is, of course, the saving grace that FM receivers are not
normually expected to receive distant stations, since only the direct
ry Irom the transmitter is supposed to be available, yet both TV
and M DX (loeng distance reception) has become a regular activity
ol 1 cerlain dedicated type of enthusiast. Even for ordinary
hieh prade reception the receiver may be on the fringe of the ser-
vice arew of the transmitter, with a consequent weak signal; if
there i insufficient IF amplification with accompanying adequate
houting action, the signal-to-noise ratio will be poor.

Awou peneral rule, therefore, it may be reckoned that a really
well desipned high fidelity FM receiver will have three TF stages
veconmpared with the home-constructor and comimercial types with
tnly two, and 1 have come across a gadget which purported to be
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an FM receiver having only one, the excuse being that as a ratio
detector was used no limiter was needed at all.

Now, as I have already pointed out, it is correct to suppose that
a ratio detector has inbuilt himiting characteristics, but these are
not sufficient for full noise suppression, and will only operate
properly if the detector is absolutely balanced about its datum
operating point. As there are certain economic advantages in
using an unbalanced detector (as will be described later), it can
be taken that a properly designed limiter stage is necessary for good
results, and for first-class results two limiter stages, irrespective
of the type of detector used.

The block diagram, Fig. 1.2.1 suggested that the limiter was a
separate piece of equipment tacked on to the end of the IF
amplifier, but in reality it is part of the amplifier, to such an
extent that under certain conditions one and the same valve may
act either as an amplifier or as a limiter. The first IF amplifier
would not normally be designed for such operation but be treated
as g straight voltage amplifier, as efficient as possible. 1t would be
recognised as such in the circuit diagram of an IF amplifier by
having the earthy end of the IF transformer secondary returned
direct to earth, the " hot 7 end of the secondary being, of course,
taken to the grid of the valve. Bias is applied in the normal
manner.

Whether one or two 1F stages follow this first straight voltage
amplifier the situation is that we have an FM signal on which is
imposed AM wmodulation produced by noise, and it will be
obvious that further straightforward amplification will only
increase the amplitude of both FM signal and noise. As the
amplitude of the FM signal may already be adequate, further
ordinary amplification is not only unnecessary but undesirable.
So we put up our ** gate ™ and open it only sufficiently to admit
the FM and keep out the AM.

This is most usually achieved by using a sharp cut-off pentode
of the 6AU6 type in a circuit substantially similar to a leaky-grid
detector, and with redueed screen and anode voltages. This causes
the valve to operate on a short grid base, and the inclusion of the
R/C network in the grid circuit, as shown in Fig. 1.2.6. produces
negative bias proportional to the amplitude of the incoming signal.
If the amplitude is greater than the gri¢ base laid down for the
operating conditions of the valve the increased negative bias will
produce cut ofl of the anode current, and so the signal will not
be amplified. Apart from the value of screen and anode voltages,
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g, 1.2.6.  Amplitude limiter using short grid base pentode.

cperalion 1s controlled by the time constant of the RC circuit.
nud (he value of this must be decided with some care. It must be
shiorl enough to ensure that the bias changes proportionally with
denil amplitude, but if too short the change of bias will not be
pieal enough to produce the limiter action.  The usually selected
value is bDelween 2 and 3 microseconds, when only one limiter
slape 1 used.

A moment’s thought will indicate that if the incoming signal is
o) wmaller amplitude than the short grid base of the limiter stage
nned i AM noise modulated, it will still get through the gate with
nl leaxl some noise superimposed on it.  Clearly, therefore, a
weond limiter is required to amplify the FM signal so that its
noise is cut off by the limiter action. This would be obligatory
with a sensitive high fidelity tuner and is actually much to be
recammended even for reception of strong signals, for the actton
ol the two limiters can be designed to deal with maost forms of
milerfering noise.  For example the shorter the time constant the
more likely can car ignition noise be suppressed, so in a two stage
hiter the time constant could be reduced to about 14 micro-

conds in the first stage and increased to from 10 to 20 micro-

conds in the second to deal with most other types of noise
Hnpulses.,

biven so, some car ignition interference can get through, for
the ™ burst ™ type of noise is extremely difficult to suppress en-
fely: the best results will always be obtained when the cenire
tiequency of the already carefully aligned IF amplifier is made to
vomenle exactly with the centre frequency of the discriminator or
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detector. There is a perfectly routine method of making sure that
this double alignment has been carried out properly in the first
place, but as the technique involves a degree of know-how and
mstrumentation the average reader can hardly be expected to
possess, it can be taken as a reasonable working rule that any
tuner offered to you which incorporates three IF stages and two
limiter stages and still does not have adequate noise suppression
is not properly aligned and should be rejected.

The Phase Discriminator or Detector

There are various methods such as the Travis, super-regenera-
tive and locked oscillator, whereby the IF varying frequency can be
converted into the desired audio signal using more or less standard
valves and components, and two involving special valves. The
former have gradually fallen out of use because of difficulties in
maintenance, adjustment and insiability, and the latter are not
generally available in Britain but certainly deserve mention. The
more popular is the gated beam discriminator, quite widely
used in the U.8., the specially designed valve carrying the type
number 6BN6, and it has good properties of limiting and detection
and saves an appreciable amount of circuitry, not even requiring
an input IF transformer.  As, however, it is unlikely to be met
with in British tuners I shall not describe it in detail but refer the
interested reader to these papers: A.P.Hasse “ New one-tube
limiter-discriminator for FM 7, (Tele-Tech. Jan. 1950, p. 21);
R. Adler ©* A gated beam discriminator ¥, (Electronics, Feb. 1950.
p. 82); Heller & Shulman “ The gated beam discriminator 7,
{Radio-Electronics, Nov, 1955, p. 50). The other is the Philips
EQ80 nonode, called the g detector , described by Jonker &
van Overbeek in Philips Technical Review, July 1949, p. 1.

In one or two cases the counter-diode detector will be met, and
this should be given some brief description since it will crop up
in the discussion in the next chapter. The principle of operation
is entirely different from those of the commonly met FM detectors.
If you consider the action of the rectifying diode detector in an
AM receiver the voltages so produced represent the amplitude of
the modulation. In FM the amplitude is constant, so diode
detection of an FM signal will produce no output voltage change
and there will be no audio output, whatever the carrier frequency.
Now if a diode detector is presented with a burst signal instead
of a sine wave the voltages across the load resistance will behave
somewhat differently.
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Fig. 1.2.7. Counter-diode detector.

o [ig. 1.2.7 the 1F signal is fed to the grid of a pentode, Vi,
whose circujt constants have been selected so that the valve
nperales between saturation and cut-off. Under these conditions
alternate positive and negative pulses would be developed across
. if V2 were short-circnited and V. omitted. The circuit time
constant, (R, + Ry Co and the amplitude limiting action of V.
vasre that the pulses have constant voltage even if there is AM
on the FM wave. The function of V. is to provide a path for
positive-going pulses to R. and reject negative-going, while V,
woves to discharge C. on the negative cycle. Thus a series of
ponilive pulses is developed across Rz and the process is illustrated
1o the diagram in the lower part of Fig. 1.2.7. 1t will be observed
that the mean value of the signal is a function of the separation of
the pulses.  The two-stage filter; RsC,, and R.Cs not only provide
the necessary de-emphasts but remove the RF component of the
I'M signal.

Sclection of the correct values for the circuit time constant is
very critical, and to ensure correct operation it is found that the
micrmediate frequency must be unusually low. For ordinary FM
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Fig. 1.2.8. FM deteciors: (o) Foster-Seeley discriminator; (b) balanced ratio
aeiector; (c) unbalanced ratio detector.

broadcasting it would be of the order of 175 ke.p.s., and although
this seems to be an odd staie of affairs it becomes of some impor-
tance n multiplexing systems, which will be discussed in
Chapter 3.

So far as more conventional FM rececivers are concerned the
most frequently used detectors are the Foster-Seeley discriminator
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ol the tano detector, shown in Fig, 1.2.8. Every book describing
the AT pnciple pives an explanation of how they work, and it
kel B ponntless 1o repeat it here. But in terms of high fidelity
copeducnion their respective merits and shortcomings must be
Yecaeed o only i relation to each other, but in respect of
et ntinenes o other sections of the complete receiver. One or
Hhe aithes 4y pe would be selected for a specific object, but as some
A veconcr have o be designed down to a price and others up
G stnmlard ol performance, the mere mention in a specification
thil o dhisevinnnator or a ratio detector is used means nothing
ittt alue considering what other features are in the complete

lovpection ol Fig. 1.2.8 suggests there is little difference
Fotween the discriminator and the balanced ratio detector apart
P the dacl that in the former the diodes appear to be in parallel
and s the Ladter in series.  In practice it is found that provided
Both e properly balanced and have the correct circuil parameters
His wall live the same low distortion.  The action of the ratio
deteeton s, however, quite different, and the significant addition is
the e capacitor, usually an electrolytic, at the right hand end
ol the cirenit diagram.  The function of this capacitor is to
fbalewe the voltages across the diode loads, represented by the

alie lupped potential divider connected across the two diodes.
Ihe wize ol this capacitor is of some importance and will be
Jdiansaed shortly; its presence indicates the noise limiting charac-
lensties ol the ratio detector. 1 suggested earlier that even a
ratio detector should have a limiter preceding it, and we have
voached the point when this can be made clearer.

Ihe I-S discriminator imposes comparatively small damping
o 1he preceding 1F stage; the ratio detector damps it heavily.
I he diseriminator is more sensitive than the ratio detector and
naer Lo align,  In both systems it is of the highest importance
it the input to the diodes be symmetrical, and that the diodes
ne matched. The centre tap of the IF transformer secondary
munt be in the exact electrical centre of the winding, inductively
wiel capacitatively, and the coupling of the two halves to the
peaary identical.  The ratio detector damping can be reduced
i the addition of a tertiary winding, shown in the figure, tightly
oupled (o the *“cold ™ end of the primary; together with the

ondary it forms an impedance transformer, for to get any

nn rom the amplifier the anode circait should have high im-
poilanee,  This also increases the sensitivity.
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The presence of this winding makes the primary of the trans-
former asymmetrical, and to restore the necessary balance steps
have to be taken to neutralise its presence.  'With the discriminator
all that need be done is to adjust primary and secondary to the
centre resonant point of the 1F amplifier.

Fig, 1.2.9.
AGC for RE amplifier taken from
1F aenplifier and limiter,

ac.™ T

For the moment, then, let us suppose the first choice is the F-3
discriminator and consider what is involved. A diode detector
will distort with too small a signal input, and this applies to any
type of receiver, AM or FM. Furthermore, the discriminator has
no limiting properties, so effective limiting must be carried out
before detection, and effective limiting can only be performed
when the limiter stages produce very little real amplification. In
other words, and in spite of the greater sensitivity of the dis-
criminator, a considerable amount of RF amplification must be
built into the tuner, either at signal or intermediate frequency to
make sure there is adequate limiting on weak stgnals. It has been
suggested that a receiver of this type should produce full limiting
for 2 maximum input of 12 to 15 microvolts.

On the other hand it may be argued that in most cases reception
will take place where the signal is not only adequate but possibly
more than adequate. Within reason the diode will rectify quite a
large input without distortion, so there will be no trouble through
overloading in the detector circuit, but if the limiters have been
adjusted for a medium strength signal and they get a very large
input a * squelch ” phenomenon occurs, which chops oft part of
the wanted signal. This can be avoided by adequate AGC before
limiting, but this involves taking the AGC voltage from an IF
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amiplificr, since it i3 not available from the F-§ discriminator; a
way ol doing this is shown in Fig. 1.2.9, where the IF pentode
aperales as a limiter and as a source of AGC voltage, which is
taken hack to the signal frequency amplifier. Another way of
reducing input is to use a poor aerial, but this, unfortunately, at
onee reduces the signal-to-noise ratio, for noise seems to be able to
come in at full strength with practically no aerial at all.

I‘'or real high fidelity results a properly designed dipole is
vwsential, so any tuner offered as having a Foster-Selley discrimin-
aler should also have enough amplification to secure adequate
limiting under all conditions and enough AGC to avoid squelch.

Now let us consider the ratio detector, which is rapidly gaining
in popularity. The superficial reasons are attractive and logical
enough—limiting is incorporated, so there 1s no need to increase
11 amplification to secure adequate pre-detector limiting andAGC
i there for the asking. For the designer who wishes to create an
['M. receiver at minimum cost and complication the ratio detector
is the answer. But in the realm of high fidelity it isn’t as easy as
lhat.

This detector, as in the discriminator, will produce non-linear
distortion on small inputs, simply because of the characteristics of
the diodes, but the distortion is much greater owing to the
characteristics of the circuit. When receiving a weak signal,
therefore, the ratio detector must be preceded by more ** straight
amplification than in the case of the discriminator to maintain the
same freedom from distortion, quite apart from the loss of
amplification due to the heavy damping on the IF transformer.
Unlike the discriminator, the ratio detector distorts with very
large inputs, so it might be said that the range of input with the
ratio detector is less than in the other case. This calls for
adequate AGC in a tuner which might be used anywhere. An
AGC voltage can be obtained from either a balanced or un-
halanced ratio detector, as shown in Fig. 1.2.8 (b) and (c), but in
the balanced detector it wilt be noticed that the centre of the post-
diode network is earthed, so only half the voltage across the load
resistance is available for AGC. In the unbalanced detector, since
one end of the load resistance is earthed the whole rectified voltage
is available; hence the reason why many designers prefer the
unbalanced type.

So far as noise rejection is concerned the situation is more
critical 1 terms of signal input. It is certainly true that the ratio
detector rejects noise, and, as 1 have already mentioned, the
effectiveness is determined by the valuc of the stabilising capacitor;
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but the inherent limiting action is only effective at one specific level
of input, decreases very rapidly at lower inputs, and slowly at
higher inputs. The telerance in noise suppression is much
narrower than in distortion.

The obvious way to surmount this difficulty would be to arrange
that the AGC works so precisely that the input to the detector is
always held at the optimum point whatever the reception condi-
tions, but in practice this is almost impossible to attain other than
as a very rough approximation. Moreover, as the optimum point
is determined by such factors as almost every parameter of the IF
transformer, the characteristics of the diodes and the values of the
load resistovs, the designer is faced with an exiremely complicated
situation, and the owner of the tuner is entirely dependent on the
designer’s original calculations being held through the whole
process of factory production, final alignment, and static condi-
tions in the home. As all radio components age and alter their
characteristics, precise performance of this sort simply cannot be
attained and maintained.

Various devices are, therefore, adopted to simplify the position.
If the stabilising capacitance is increased, limiting characteristics
are improved, but if increased too much, tuning is made difficult:
the capacitor has to be charged by the AM and a large capacitor
would require several seconds to charge up, during which time
tuning cannot be carried out. The more usual device is to include
resistors in the post-diode network at the points Rx in Fig. 1.2.8.
These resistors are unequal and one is adjusted to balance the
unbalance residual in the entire circuit from the 1F transformer
onwards. The inclusion of these resistors decreases the sensitivity
of the detector.

The unbalanced circuit, (¢) in Fig. 1.2.8, is used not only to get
twice as much AGC voltage but to simplify the receiver. so
reducing the cost. 1t will not perform with the precision of the
balanced detector, but much of the unbalance can be corrected
by resistors Rx, otherwise there is no basic difference in perfor-
mance, except that a higher value of stabilising capacitor would be
required than with the balanced circuit, since limiting does depend
on precise balance.

From all this it will be seen that the limiting characteristics
of the ratio detector depend on a certain precision of design and
execution (not to mention subsequent changes due to ageing In
use), and the elimination of limiting in the IF amplifier can
thereforc only be tolerated in receivers built down to a price, which
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would inciude commercial mass-produced AM/FM  receivers,
vombined TV and FM sets, and the cheaper separate tuners.

the wvery besti ratio dctector operation is obtained from a
perlectly balanced network and il would be advisable, in this
connection, not to take the AGC voltage from the detector bui
from an F stage. Careful AGC design is obligatory to avoid
distortion resulting from wrong inputs, and since the limiting
lactor operates well only within narrow limits, pre-detector
limiting is essential. Lt is impossible to state categorically that
hecause the ratio detector has limiting potential oanly one iF
trniter stage ia the |F amplifier is necessary. 1 have gtven in the
Jiscussion on the 1F amplifier my reasons for preferring two stages,
.ngd this really doces apply to both types of detector. Given this,
ihere seems to be very little veason for preferring a ratio detector
io w discriminator in a high fidelity tuner. Both wili work well if
the whole receiver has been well designed.
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Fig. 1.2.10.  Balanced rario detector using germaninm diodes.
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[n both types of detector, germanium diodes may be used
instead of thermionic,  Suitable types are GEX34 and OA79,
but they must be exactly matched pairs. These diodes are much
more compact; they do not introduce any possibility of hum
being injected from a heater supply; but their parameters alter
with temperature and it will probably be found necessary to
provide temperature controlled components to maintain balance
under all conditions. A typical circuit using such diodes is
viven in Fig. 1.2.10.

It will be noticed that the de-emphasis network has been in-
cluded in the dctector circuit diagrams. it is a simple top-
cutting circuit, and is logically associated with the detector.
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Fig. 1.2.11.  Tuning iudicaror comecred direcr 1o detector.
Tuning Indicators

It will be obvious from the foregoing that accurate tuning is
essential to avoid distortion, and as accurate tuning in FM is
extremely difficult to judge by even an expert ear, some form of
tuning indicator is essential. Tuning indicators are commaonly
fitted to FM tuners, but it does not follow that the existence of
the indicator will ensure accuracy. The magic eye” type
(EM34) 1s becoming obsolescent, being succeeded by the EM8O
and later the EM81. These indicators are generally operated
by connecting the control grid to the AGC line, and if the
receiver is an AM/FM combination the indication is excellent
on AM and virtually useless on FM, for the simple reason that
the properly aligned FM receiver has a band pass of 100 kc.
on cither side of the central frequency and the indicator will
show a constant pattern over this band. If the response has a
small peak in the centre frequency (which it shouldn’t have, but
often has) then the tuning could be done aurally or by the simple
magic cye circuit by watching for the small indication on the
indicator screein,

The only satisfactory way to drive the indicator is to connect
direct to the detector, and this necessarily complicates matters., A
suitable circuit for doing this is shown in Fig. 1.2.11 and involves
either a double diode or a pair of germanium diodes.

It is unfortunate that there is no British equivalent of the very
fine AL7GT cathode ray indicator. This has the great merit
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that it not only indicates exact tuning but has patierns which
show whether the receiver is off tune positively or negatively.
If connected only to the discriminator, the off channel display
is almost the same as that for exact tune, so in tuning one watches
carefully. Between stations the display remains constant; as one
encroaches on the carrier of the desired station the display
changes until the point is reached when the two sections are
again of esqual height; further movement beyond the carrier
frequency is appropriately shown, so it is a simple matter to
return exact tune. If a muting stage is included in the receiver
and the indicator is connected to detector and muting voltage,
the display 1s removed entirely.

Space forbids any description of muting circuits for the
suppression of inter-station noise; in general, so far as Britain is
concerned, it is hardly worth the trouble involved. What is
worth the trouble involved is the erection of a properly designed
Band 11 aeral. Every good tuner deserves a good aerial.

CHAPTER 3
STEREO BROADCASTING AND MULTIPLEXING

At the time of writing, this chapter is ¢ntirely thecretical. By
this T do not mean that T am discussing only theoretical ideas that
have no practical significance, but simply that there is no official
system of stereo broadcasting in existence. Certainly experiments
have been carried out in this country and other countries in
Europe, for there is no technical difficulty in transmitting the two
channels of a stereo programme, and in the U.S. stereo broad-
casting has been in actual existence for some few years. The last
meeting of the European Broadcasting Union was held in Cannes
in the last week of January 1960 and at that meeting various
techniques of stereo broadcasting were discussed and considered.
But at this moment, neither the communications authorities of
the U.S., Britain, nor Europe have vet decided which method will
be selected as standard technical procedure for the future.

In any scientific development which will become the subject of
the vested interesis of commerce, the purely scientific aspect will
be subordinated, not to what commerce may have to cope with
in the future, but what its interests are right now. So long as the
aim of commerce is to provide sterec broadcasting as eanily
and cheaply as possible, from the point of view of the munn
facturers of equipment, then corners will be cut (o weliev: il
object. This is nothing new; it has always been with s, nnd | i
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not suggesting that it is other than completely cthical. I¥n the
early days of broadcasting, quality of reproduction was not
considered very important; the mere novelty of the thing had great
sales appeal. Similarly with early TV; and, T was very sorry to
notice, precisely the same thing happened when sterec records
were launched on an unsuspecting world. A great deal of junk
was unloaded on an uninformed public.

Sooner or later a more informed public demanded better stan-
dards of performance, and so came a popular demand for *“ high
fidelity 7, improved TV and stereo records and equipment. But
in respect of stereo we are not on such sure ground as with hi-fi
and TV. A decent pair of ears can soon hear if what is presented
is hi~fi or lo-fi and a pair of eyes can soon see whether the TV
picture is good or bad; but how do you assess stereo ?7 I confess
to being unable to answer that question, but I do know that a
Tot of stereo I have heard may be *“ sound in depth > but it isn’t
a reproduction of what goes on in real life.

This book is about high fidelity and I maintain that high fidelity
stereo postulates that the three dimensional sound picture shall
be true to life. All kinds of elecirical and acoustical stunts
are being devised and pressed on the world, but whether they have
megits or not need not be discussed here and now. It is quite
simple to lay down the basic requirements of two channel high
fidelity stereo broadcasting in terms of what we know today.
Itis of no conseqguence, here and now, to argue that three channels
are really required for the best results. We are considering only
the straightforward proposition that if one high fidelity channel
<an be produced by broadcasting for monophonic audio, and it
is considered that two channels are needed for stereophonic
audio, then we have to provide two high fidelity broadcast
transmissions. The discussion will, therefore, be restricted to
considering how this can be done, with particular stress on the
fact that the two channels have to be hi-fi.

What Multiplexing is

Before we go any further it should be made clear that multi-
plexing is a certain technical process for conveying several
programmes on a single catrier, whereas stereo broadcasting is
simply the transmission of a left and right hand aspect of a single
programme through the medjum of & combining receiver and
speaker system. Stereo broadcasting can and does exist without
multiplexing being involved, but the advent of multiplexing
indicates the possibility of broadcasting stereo programmes
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from a single transmitter. There is no quarrel as to the desiy-
ability of stereo broadcasting; but there are widely differing
opinions as to how it should be done.

The simplest illustration of multiplexing is to be found in
carrier telephony. With the development of the low-loss coaxiai
cable it became possible to send a high frequency carrier along
an underground conductor, chop up the frequency band of the
carrier into sections, and transmit speech along each section.
Provided there is a frequency space between each section there
will be no crosstalk, and sending and receiving the separate
conversations is simply a matter of selection by frequency
selecting filters. This, of course, (8 a very crude description, but
it illustrates the basic idea.

Turning, now, for a moment to stereo broadcasting, the standard
practice in the U.S., where it is a regular feature of the broadcast-
ing scene, is Lo transmit one stereo channe! on AM and the other
on FM, but if the AM transmitter is only sending out the left
hand channel and the FM the right hand, a monophonic receiver
tuned to either will not reproduce the entire programme, for the
AM receiver will only be able to reproduce the left and the FM
receiver only the right.  Asitisa cardinal principle of broadcasting
that the main transmission should not be made of such a nature
that it can only be received by a minority of special receivers, the
transmitted signal must be made comparible. This compatibility
became a burning question when colour television was launched
on the U.S. public; the federal authorities would not approve
any system which did not make a * monocolour ™ picture
available to the ordinary TV set owner. The man with a colour
TV set would get the picture in colour, but the same picture must
be available to the rest in black and white. So with stereo; if a
sterzo programme is sent out and can be received as stereo by the
man with stereo equipiment, it must also be receivable as mono-
phonic by the man with an ordinary set.

In previous chapters 1 have explained how, except under very
favourable conditions, AM 1is not suitable for high GRdelity
reception; yet it 1s quite suitable for mass-produced receivers and
the listener who isn’t particularly interested in hi-fi. It seems
obvious that hi-fi stereo should have hi-fi on both channels, and
so we have to rule out any permanent system that depends on an
AM/FM arrangement. In actual fact transmissions so far carried
out have only been experimental here and in the U.S., and not
too much attention has had to be given to the high fidelity aspect,
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Tor the first thing to do was to “ stereoise  the transmissions;
refinements could come later.

At this point it should be realised that the broadcasting back-
ground in Britain is very different from that in the 1U.S. Here
we have a B.B.C. service paid for by the ** subscriptions ™ of
the listeners; in the U.S. broadcasting is free and the cost of
providing the stations and programmes has to be borne by the
advertisers who buy time on the air. It is no part of the purpose
of this book to say which system is the better, but the net result
is that in Britain we have an integrated AM and FM service which
has been paid for by the people who use it, and we have some say,
and ought to have more, on the way the service is run. In the
U.S., as in Britain, the number of people who have no FM
Teceiver is considerably greater than those who have, and the
AM service is virtually self-supporting and profitable. The
erection of stations for FM was an aspect of private enterprise,
and so far, because of the limited listener market, has not proved
profitable. There was a crying need for something that would
increase stalion income.

A solution was found in the notion that if private subscriptions
to a private service could be found as a sideline, this would pay
off, and suitable subscribers could be found in such enterprises
as hotels and restaurants desiring background music free from
the commercials of ordinary radic. If a new transmitter were
built for such a service, no solution of the non-profitable public
broadeasting problem would emerge, so the private programme
had to go out through the same transmitter and the same carrier,
but entirely separated from the public programme. The ever-
competent technicians and engineers produced the technical
solution, and so radio multiplexing was born.

The most widely used is the Crosby system, and for the purpose
for which it was designed compatibility was the very last thing
that was desired; the background music programme was provided
only for subscribers and could only be received by using a device
«called a multiplex adaptor. The system works in this manner:
the basic programme is broadcast as a regular FM transmission
on a carrier frequency, say, of 100 mc., with the usual deviation
frequency of :+ 75 ke, This permits an audio frequency spectrum
of 15 ke. The private service programme goes out on a suc-
carrier, which is superimposed on the main carrier; the sub-
«carrier frequency has been chosen as 50 kc. with a maximum
deviation frequency of 25 ke., thus giving a frequency spread
from 25 to 75 ke.
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A monophonic receiver tuned to the FM broadcast frequency
of 100 mc. will consider this subcarrier as some sort of deviation
frequency, but as it is the equivalent of an audic modulation of
50 ke, & 25 ke, it will be treated as audio even if it is supersonic
audio., but it will be filtered out in the audio part of the receiver,
particularly by the de-ecmphasis section of the receiver. On the
other hand, if the private programme is fo be received, then the
regular broadcast programme must be suppressed or filtered out
and the subcarrier treated as the main carrier and duly handled
in the usual FM manner. Tlus is done by the multiplex adaptor,
which consists primarily of a separating frequency discriminating
network to supress the 100 mec. carrier and pass on the 50 ke.
subcarrier; thereafter follow the usual processes of amplification
(no superhet being needed for such a low frequency), limiting,
detection and audio amplification.

Obviously, the subcarrier could be used to transmit a second
channel for stereo, but if the two channels transmitted are left
and right, then whatever is on the main channel of 100 mec. is
only half the programme, and the system is not compatible. To
render the main transmission compatible, which means both left
and right channels superimposed, calls for certain tricks. Fig.
1.3.1 is a block diagram of the Crosby compatible system and can
be explained in this way: the main L + R programme is sent out
as one channel and the special sterco information goes out on the
subcarrier, having 1-R characteristics. These two modulations
are derived from the originating left and right microphone outputs
being fed into a matrixer, as shown in the figure, subsequently
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merged in the special mixer, used to modulate the transmitier.
and so broadcast.

At the receiving end the composite carrier is handled by the
tuner in the usual manner, and the emerging rectified signal fed
into the usual de-emphasizer-amplifier (from which it cmerges
as the Lo R mono. signal) and to the multiplex adaptor, from
which it emerges as the specjal L-R stereo information. The
outputs from both units are then fed to the ** dematrixer ” and
finally appear as the left and right stereo signals.

Among the more ingenious of the multiplex adaptors is the
Madison-Fielding, and it is not a simple piece of apparatus. [t
embraces a cathode follower input, a frequency network to
reject the L 4- R carrier, an amplifier for the subearrier, a limiter
stage and a detector.  So far as the detector is concerned only the
counter type can be used, for the percentage frequency change is
far too great to be handled by a discriminator or ratio detector.
With a 100 mc. carrier the frequency change is only small (referred
to the carrier frequency) being from 100.075 mc. to 99.925 me..
but in the case of the 50 ke. subcarrier the frequency change is
from 25 to 75 ke. and the ratio detector simply will not handle it.
The Madison-Fielding uses a two valve multivibrator to produce
the square pulses and a triode counter followed by a phase-
splitter to get rid of the negative-going pulses; the whole unit
calls for four double triodes and their associated circuitry.

It has always seemed to me that if real high fidelity involves
precise design and constancy of operation, and as the productions
of mortal man cannot be perfect, the most reliable course to
pursue is one of simplicity, for there are fewer things to go wrong,
The compatible system I have just described adds very consider-
ably to the complexities of both transmitting and receiving,
particularly at the receiving end, and this strikes me as an un-
satisfactory state of affairs. Broadcasting stations have their
skilled maintenance engineers, but such don’t exist in ordinary
households, and it is expecting an awful lot for this complex
receiving equipment to go on working in a perfectly normal
manner. Aurally horrible faults exist in stereo gramophone
reproduction; they could be twice as bad with this sort of stereo
broadeasting.  Diagnosis of faults will be extremely difficult,
everl as it is in stereo gramophones, because it is more than mere
circuit checking; the performance of one chaune! must be identified
with the performance of the other, and there is as yet no proof
that the L +4- R and 1. — R combination will give real stereo.
They just say it will,
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There are some other things they are saying, too, which haven’t
been proved. The band width of 150 ke. for FM transmission
has been laid down as minimum for audio reproduction up to
15 kc. and even that js cutting corners, hence the allocation of
220 ke. for FM channels. The band width on the subcarrier is
only 50 ke, and in FM 1t isn’t the carrier frequency that matters
but the side bands on that carrier. With a band width of only
50 ke. it doesn’t seem that the subcarrier can transport a very
Righ fidelity programme. Now this is no criticism specifically
directed against the Crosby system. Reports are that it gives
very good results, and it has spurred others into emulating those
results, among which can be mentioned Burden, Ha!stead, Bell
and Calbest. These all involve frequency restriction of the
subcarrier audio response and learned arguments have been
produced to prove that frequencies over 8000 c.p.s. have no
stereo effect; others have proved that nothing over 3500 con-
tributes to stereo, provided the main transmission is good; some
demand a reduction in the [50 kc. band for FM since * it isn’t
necessary . The clamour has become so great that one respected
American high fidelity critic has complained that new theories
seemn to be produced simply to buttress the competing systems,
without any regard for the poor guys who have to buy the
equipment. And, as a gesture of indifference to this .battle,
R.C.A. have devised a complete AM system, but it doesn’t seem
10 have aroused much enthusiasm.

In Britain the E.M.I. Percival system appears, from what
information has already been divulged, to have a family resem-
blance to the Crosby, but differing in certain aspects: but it also
takes in certain assumptions as to the behaviour of the ear which
have not as yet been proved beyond dispute, and which I for one
would be prepared to disputc. The whole field has been so
slightly investigated that it 15 safe to say we cannot be sure, and
until we are sure, it seems to me that it is better to forget all
about L. 4+ R and L — R, and transmit both left and right channels
just as they would come from a stereo pickup, give them the
“ full treatment ™ as to audio response, make the system com-
patible, make it simple to instal and maintain, and make it
cheap. We already have enough capital outlay in doubling up
aundio amplifiers and speakers, and don’t want to have to double
up on anything else. The recently announced (February 1960)
Mullard Multiplex System seems to meetl these requirements.
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Mullard Stereo Broadcasting System

1 should say I have no connection with the Mullard Company;
I am an independent consultant and when I write | cannot be
influenced by commercial interests. This being so T state that
in my opinion this system is the best that has so far appeared
from the point of view of meeting the needs of a high fidelity
enthusiast who doesn’t want his home to resemble an electronics
laberatory.

The system has outstanding features. 1t is simple; it can be
applied to any existing FM transmitter with only minor modi-
fications; any existing FM receiver can be modified for stereo
reception by adding one valve and making a few circuit changes.
If the listener already has a stereo audio system and a mono FM
recelver all he needs is the one valve adaptor; if he has no stereo
at all. he needs the adaptor and an additional audic amplifier
and speaker. Jf he doesn’t want stereo in any shape or form,
his FM tuner will accept the stereo transmission as a monophonic
one; and if the transmitter decides to send out a mono programme
the stereo owner will get the programme on both channels and his
two speakers will reproduce everything. In other words, the
system is completely compatible both ways. There is no matrixing,
so worries about the receiver matrix matching the transmitter
matrix dont arise. Each channel transmits the fult frequency
range, 50 there are no arguments as to whether stereo can stop
at 8000 c.p.s.

The fundamental diflerence between this system and the others
already described is that it is a system in {ime rather than in space.
If you interrupt a steady tone sufficiently rapidly, at any super-
sonic frequency, the ecar cannot hear the interruption. [n the
Mullard system the transmission is interrupted at 32.5 ke.p.s.
and the left and right hand channels are sent out alternately.
They arrive at the receiving end in the same order and if the
receiver is monophonic it just takes them all in and adds them
together. 1If the receiver is stereo, it picks them out alternately
and feeds them into their respective amplifiers. And that is all
there is to it!
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Fig. 1.3.2 gives a block diagram of transmitter and receiver.
The multiplexer is a sampling audio generator operatmg at
32.5 kc. and right and left encoders. The generator has two
outputs 180° out of phase with cach other, so the left hand channel
can be leading 90° and the right lagging 90°. A sync. signal is also
produced, whose function will be described later. The circuit of
the generator and two encoders is given in Fig. [.3.3 (the sync.
source being omitted for clarity). The out-of-phase outputs are
fed into encoders, half wave rectified, and produce pulse trains in
each encoding valve, These pulse trains are modulated by audio
signals fed into the encoders and combined to form a complex
signal consisting of left and right hand pulse trains occurring
alternately, passed through a low-pass filter to get rid of spurious
harmenics, and applied to the modulator of the transmitter.
{Fig. 1. 3. 4)

At the recejving end precisely the reverse takes place. A normal
FM tuner accepts, amplifies and detects the complex signal in the
ordinary way and the rectified output is fed into a left and right

HT4 o—w—l——' EOMPLEX SIGNAL OUTPUT

1 -k

4.5 ke,

Fig.$.9.3, Cireuit of Mullard Trensmitter Encoder-oscilleter.
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decoder operating at the same [requency as the transmitter
sampling generator. Naturally, the whole scheme depends on the
these sampling frequencies at transmitter and receiver operating
at precisely the same frequency, and synchronismt is achieved in
a manner similar to that used in TV.

Fig. 1.3.4 also shows the operations in the receiver. Diagram
A shows the train of pulses in the left hand decoder, B that in
the right hand. The signal before being split into two appears
at C. and there is an interval between each pulse. This
interval is used to transmit a sync. signal, as shown in D, a
negative-going pulse which can be separated by the sync. separator
shown in the receiver block diagram in Fig. 1.3.2. Here the sync.

I ﬂ ﬂ‘”/‘r‘“n Ll

‘A. Samplad lefl-hand audio wave

e

B. S(\mplod rightt-hand sulio wuve

-

. o el
- 'f-';o

Signnig. B, Filtered cemplex aignal wavzlorm

Fig.1.9.4. Synthesis ol complex waveform in Mullard system,

oscillator is simply an electronic swiich directing the alternate
pulses into their proper decoders which it can do by the phase
difference; the left decoder rejects the right-hand signal and
vice-versa. If the receiver oscillator stops, the complete signal
appears in each amplifier; if the receiver is monophonic the
complete signal still goes into the single audio amplifier, for no
electronic switching is involved.
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The added circuitry for the receiver is shown in Fig. 1.3.5. On
the left is seen the conventional ratio detector of the FM receiver,
and it is usually the case that the two diodes are part of a double-
diode-triode, the triode being the first AF amplifier. If so this
triode can be used as the sync. oscillator; if not the case. a new
triode must be provided. The oscillator is tuned by the sampling
frequency transformer which passes them to the double pentode
6BU8, whence the separate signals are fed to their respective
audio amplifiers.

It should be noted that the dotted lines representing the two
audio waves in Fig. 1.3.4 have no real existence, for they merely
represent the profiles of the successive pulses. Since, however, the
interruption is inaudible, the profiles do represent what the ear
will actually hear.

The foregoing 1s, of course, a very simplified account of all that
is mvolved, but it does describe the properties and simplicity of
the system. Thave heard it in operation and there can be no doubt
that the two channels are reproduced with the full 30 to 15,000
c.p.s. response. What system is ultimately inflicted on us is
something we cannot as yet forecast, but at least you will now
know some of the things that could be in store for you when
sterco breadcasting becomes a regular service. Perhaps before
that happens even better systems will be devised, but [ have tried
to show that it is possible to transmit two channels from one
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FM transmitter without any lower standard of performance than FURTHER TITLES IN THE BERNARDS HI-FI SERIES ARE
would be got from two of the present standard of excellence, and DESCRIBED BELOW. A 24 PAGE CATALOGUE IS AVAILABLE

without our being involved in costly equipment at the listener’s
end of the proceedings. 1 want high fidelity reception, mono
and stereo, but I am not prepared io pay throught the nose for it,
nor am [ content to be fobbed off with inferior performance when
1 could get what I want at a reasonable price.  No doubt you
feel the same way too! No. 68

No. 123

No. 146
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FROM THE PUBLISHERS FREE OF CHARGE.

FREQUENCY MODULATION RECEIVERS' MANUAL
by ©* Radiotrician ™’ 2/6
Size 747 x 41" 56 pages 23 diagrams

The chapter headings best describe this book and they are
as follows: The Theory of F.M.—Frequency considerations
—The F.M. Receiver—Coils and tuned circuits—Practical
F.M. Receivers—Aligning the F.M. Receiver—F.M. and
the amateur.

BEGINNERS® PUSH-PULL AMPLIFIER 1/6
Size 84”7 x 53" opens to 207 x 15" 4 ilustrations

This is presented in the form of a fold-out chart illustrating
the construction of a simple to build modern amplifier

.designed by Mullard Limited. This very useful amplifier

has an output power of 3 watts with absolute minimum
distortion. Two ECLS0 valves are used in the amplifying
stages.

HIGH FIDELITY LOUDSPEAKER ENCLOSURES
by B. B. Babani 5/
Size 93" x 74" 48 pages 40 diagrams

This is the only book which gives compreliensive data for
building all types of toudspeaker enclosures, The types
described inciude corner reflex, bass reflex, exponential
horn, folded horn, tuned pott, klipschorn labyrinth, tuned
column, loaded port and multispeaker panoramic. In every
case the construction is illustrated by Jarge, clear diagrams
and charts are provided to give dimensions for making
all the enclosures in virtually any size and Lo suit any speaker.
It is worth mentioning that since the publication of this book
many manufacturers have based Lheir enclosures on the
designs included in this book.
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PRACTICAL TAPE RECORDING HANDBOOK
by Clement Brown 3/-

Size 10" x 747 25 plans and illustrations

The rapidly growing popularity of Tape Recording serves
te emphasise that to use a recorder well requires a good
working knowledge of a large number of factors ranging
from acoustics 1o the art of editing, This book is unique
for its thorough coverage of all the skills requived tn making
first class tape recordings and maintainiog a Tapce Recorder
in its proper condition. No one is better qualified to write
such a beok than is Clement Brown, the author. His long
experience as Chief Tape Recording Engineer and Designer
with one of the Targest and [oremost firms in the field coupled
with a beautifully concise and accurate style of writing make
this book the ideal authority on this most interesting subject.

48 pages

PRACTICAL STEREQ HANDBOOK
by Clive Sinclair 3’6

Size 107 x 77 19 plans and illustrations

This book serves as a valuable relerence for all tiose who
either possess or intend to possess stereophonic egaipment
in the form of either a Tape Recorder or Record Reproducer.
The subjects covered include an explanation of all the terms
that are used when discussing Stereo equipment and fechnigue,
the positioning of loudspeakers, stereo pick-ups, ard circuit
diagrams for a large number of amplifiers designed for
listening with both headphones and loudspeakers.

40 pages

REALISTIC RIGH FIDELITY

i by H. A, Hartley 5/~
Size 747 x 41% 96 pages 36 diagrams
F. A. Hartley, the well known Hi-Fi authority, covers the
field, in this book, from thé point of view of achieving the
maximurn realism.  As this hinges smainly on the actual
sound producing mechanism, the loudspeaker, its enclosure
and posilion is considered in considerable detail. As
Mr. Hartley was engaged in speaker and enclosure design
for many years he knows exuctly what he is talking about
and his great ability as an author makes his book both
enjoyable to read and easy to understand.
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No. 162

No.
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HIGH FIDELITY STEREO GRAMOPHONE
by D. W. Easterling 5
Size 74" x 57 Y6 pages 33 ilustrations.

Using the new E.M.T. record turnwable and pickup arm.
this book describes the construction of a complete unit
for playing stereophonic records with absolute fidelity.
The constructional information is provided in the minutest
detail so as to be suitable for cven those without previous.
constructional experience.  Large wiring diagrams and
chassis bending nnd cutting diagrams are provided together
with photographs of the completed equipment.

HIGH FIDELITY TAPE RECORDER

by Clive Sinclair 2/6-
Size 10" x 71"
This book deseribes the construction of an elegant and
high performance tape recorder with a frequency responsc
of from 30 ¢/s to 12,000 ¢fs. The recorder uses the well
known Monarch deck and a modified version of the Mullard
amplifier on a T.C.C. prinied circujt board, All the pars,
including a suitable case, are on the market in kit form and
this kit is now available from your local dealer.

24 pages 15 dlustrations.

The forthcoming books in the “ HARTLEY ON HI-F1* series will cover
the foliowing subjects:—

2. Pick-ups.

Preamplifiers and control systems.
Power amplifiers.

Loudspeakers.

Loudspeaker enclosures.

Loudspeaker plucement,

N s W

Tape recorders.
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