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against the fingers, pushing it from its central position, should steadily
increase in bopth directions. Sometimes the spider develops an “ oil-
can’’ action, so that it avoids the centre position, travelling past it
quickly ; sometimes it is not as bad as that, but there is central zone
of movement practically without any opposition due to the spider, and
beyond this moyement the spider suddenly begins to show greater
opposition to further movement. Either of these cases produce con-
siderable moduletion distortion. Careful refitting of the spider can
often improve such a speaker,

Intermodulation distortion is not easy to track down without
special equipment, since it can originate almost anywhere in the chain.
Any measurement to detect it relies on the use of equipment known
to be free of it. The method used to check loudspeakers for inter-
modulation distortion consists of feeding in two fairly high frequencies
at the same time from an amplifier known to be free of distortion,
coupled to two pure tone audio signal generators. Distortion in the
speaker shows up by an cxtra note of lower frequency, equal to the
difference of the other two, although this frequency is not applied to
the speech coil, Having checked that the distortion is due to the loud-
speaker, it remains to see how it is caused ; but since the reader may
not possess cither the facility to check for distortion in this way, or
the means of altering the loudspeaker, no more will be said here.
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MATCHING

HERE are two places in an amplifier where matching is important—
I the input and the out&put. The gencral idea of output matching
is well known, bur often only partly understood, The require-
ment of input matching is often not realised at all.
The formula for turns ratio in matching is well known,
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The abac shown in Figure 27 on pages 32/33 is provided to facilitate this
calculation, As an example of its use, W match 15 Ohms to 6,00c Ohms
requires a ratio of 20/1.

or

Measuring Transformer Ratio

It is easy to find which windings of a transformer are the high
and low number of turns respectively, by measuring their resistances
with an ohm-meter. But the ratio of winding resistances does not
necessarily give any indication of turns ratio, so if the ratio of a trans-
former is not known, another method must be used, The simplest is a
check with input from the mains. A voltage should be connected to
the high turns side, taking care that the voltage is not too high for the
purpose of the transformer. Then the voltage is measured on both
sides, and the ratio calculated directly from the voltages.

Input Matching

At the input end of the amplifier, the microphone or pick-up
should have a transformer of the correct ratio to get best results. Use
of too high a step-up ratio will result in loss of quality, although there
may be greater gain : while use of too low a ratio will merely lose gain—
there will be no deterioration in quality. However, too much loss of
gain may mean that an amplifier, that otherwise would have sufficient
gain, has not. This will appear from the examples that follow. The
abac of Figure 27 may be used to find a good ratio for any specified
microphone or pick-up impedance. If the impedance is matched to
less than 50,000 Ohms, useful gain will be lost ; but quality becomes
poor if an attempt is made to match to over 200,000 Ohms, The best
E[an is to find a standard ratio that matches somewhere between these

gures.

For example, a certain moving coil microphone has an impedance
of so Ohms. A ratio of 40/1 will match it to 80,000 Ohims, or one of
50/1 to 125,000 Ohms, either of which would be reasonably suitable,
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only making a difference of 2 db. (There is a scale provided on the
opposite side of the ratio line, giving db gain due to a step-up trans-
former.)

As another example, a ribbon microphone has an impedance of
1 Ohm (o°5). This requires a ratio of 400/1 to match it to 80,000 Ohms
or 500/1 to match it to 125,000 Ohms. If this microphone were used
with the same transformer as that used for the moving coil microphone,
it would only match to 800 or 1,250 Ohms, and there would be 10/1
too little step-up—a deficiency in gain of 20 db. On the other hand,
using a 400/t or 5001 transformer for the so Ohms microphone,
would match it to 8 or 12} Megohms, which would result in very poor
quality indeed, giving an extremely * woofy * reproduction,

Input matching is not highly critical, but a very wide range of
impedances is encountered, so that different transformer ratios are a
definite requirement, according to purpose.

Output Matching

Output matching requires more careful attention, because in-
correct ratio results in loss of output and considerable distortion. The
problem is complicated by the fact that the impedance of a loudspeaker
changes for different frequencies.

Figure 28 shows a typical moving coil loudspeaker impedance
characteristic. The lowest value of impedance shown, at about 600
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cycles, is not much more than the d.c. resistance of the speech coil-
The rise in impedance at the low frequency end, shown centred at
about 100 cycles, is due to the diaphragm resonance. If the diaphragm
is clamped resonance disappears, and any alteration to cabinet design
that alters resonance will alter the impedance characteristic at this end
in a corresponding way. The steady rise at the high frequency end is
due to the inductance of the speech coil. The question is: What
value is to be taken as the loudspeaker impedance ?
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The value usually given by the manufacturer of the loudspeaker
is not much above the lowest reading—often its impedance at 1,000
cycles. It is quite a simple
matter to measure the loud-
speaker impedance at a few spot 8
frequencies. It is connected to v RESISTOR |
the output of an amplifier, with a f SEL‘(UNEOWI'\
resistor in series with it, of a :
value somewhere near to the
expected impedances. A con-
stant frequency disc, or an audio Y LS.
signal generator, provides a con- |
stant note input to the amplifier
of several known frequencies,
and at each frequency voltage FIG. 20. METHOD OF MEASURING
readings are taken across borh LOUDSPEAKER IMPEDANCE,
the resistance and the loud-
speaker, Figure 29 shows the method. The loudspeaker impedance is
given by

Z=R X AL
Ve
where R is the value of the series resistor of known value,

A fact often not realised is that the quality of a loudspeaker
depends upon the output impedance of the amplifier, quite @part
from the matter of matching., The ratio has been calculated so that
when the loudspeaker is connected to the secondary of the transformer,
the output valve(s) *“see” their optimum load impedance in the
primary, according to the formula

Ly _ \/ T,
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where Z, is the optimum load impedance, and Z, that of the speech
coil. But the extra factor determining the quality of the loudspeaker
reproduction, even if the amplifier has a perfectly flat response and is
melitchcd into its correct load, is the a.c. resistance of the output
valves.

Using pentodes or tetrodes the ac. resistance of the valves is
several times the optimum load resistance, usually about five times.
Using triodes the a.c. resistance is usually between one-fifth and one-
third of the optimum load impedance. This a.c. resistance is
* matched * through the output transformer ; thus, if the a.c. resistance
is one-quarter of the optimum load impedance, the speech coil
impedance will ** see,” or be looking out of an impedance, on the
secondary of the transformer, one-quarter of its own.

Figure 30 shows the effect of two typical types of output stage
on the response of the loudspeaker whose impedance characteristic is
shown in Figure 28. It is assumed that the loudspeaker gives a perfectly
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