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Fig.6. Two methods of equalisation for crystal pickups. (a) Velocity loading. (b) Normal loading.

responses within 1 dB of the standard curves as shown
in Fig. 5.

The frequency of the roll−off produced by the induc−

tance of the pickup is given by where Rin

is the input impedance of the pre−amplifier (100 kΩ in this
case). Thus for an inductance of 600 mH, a high figure,

tivity of 400 mV, which is typical of modern high−quality
instruments. However, in the prototype it was decided
to utilise the existing equalisation networks by “velocity
loading” the crystal pickup, i.e. loading the pickup until
the output approximated to an electromagnetic char−
acteristic and then equalising as before. A load of
approximately 68 k� will achieve this with the majority of
pickups, and the resistor R� on the crystal pickup input
provides this impedance.

It is difficult to maintain the necessary loading require−
ments for both magnetic and crystal pickups in this mode
of operation, and � solution adopted here is to load the
magnetic pickup input to ground via a low resistance
when a crystal pickup is to be used. This may be achieved
either by the use of jack plugs and sockets or (in this
instance) by inserting a spare coaxial plug containing
the extra resistor. It must be emphasised that this is by
no means an accurate” impedance matching” component
–it is used solely to allow for the high output of these
pickups and to ensure a very low noise figure. A 1k�
resistor will result in a sensitivity of 400 mV as before.
The two arrangements are shown in Fig. 6. If a higher
output device is used additional attenuation may be pro−
vided by reducing the additional resistor (and, inciden−
tally, improving still further the signal−to−noise ratio).
Thus if the resistor is made 470 ohms, the sensitivity is
reduced to 1 volt.

Piezoelectric (crystal) transducers are capacitive sources,
and produce an output proportional to the amplitude of
the signal. Thus provided negligible current flows no
equalisation is necessary; an input impedance of 1 M�
to 2 M� will achieve this, and an additional position−
“Crystal pickup” –may be added to S1, the input con−
sisting of � ��� and 10 kΩ potentiometer (to allow for
the high output level of crystal pickUps and also to load
the base of Vt1 to ground via a low impedance to pre−
serve the signal−to−noise ratio), and a with a single 18 k�
resistor in the feedback network. This will give a sensi−

Crystal Pickup Input

avoid interference with the characteristic.

which is sufficently high to

Fig. 7. Tape replay characteristic with equalisation for 7�in/sec. Auxiliary Inputs
In the “Radio” and “Microphone” positions a flat
response is achieved by simple resistive feedback via
R�� and R��, sensitivities being 80 mV and 5 mV respec−
tively. The” Tape” input provides equalisation to �
�.�.�.�. standard for a tape speed of 7� inches per
second. The characteristic within 1dB of the standard
from 70 c/s to 15kc/s is shown in Fig. 7 and is inde−
pendent of the replay head inductance. If preferred,
equalisation may be carried out at the tape deck, and
the selector switch set to � “Radio” position for a flat
characteristic. The sensitivity as drawn is 3 mV.

The signal−to−noise ratio is typically –�� �� (wide−
band measurement), but this may be increased to
–85 dB by selecting transistors. Harmonic distortion
is of the order of 0.01 %, for signals up to �� �� overload,
when it rises sharply.
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Rear view showing arrangement of input and output
sockets.

� new design uses a conventional log/antilog ganged
potentiometer at the output �� minimum attenuation
at the balance point and infinite variation beween
channels.

It would be possible to use a dual ganged linear poten−
tiometer, but as will be seen in Fig. 11, this results in
an attentuation of 50% at the central (balance) point,

� pre−amplifier will operate off the main amplifier
40−volt line with a suitable series dropping resistor ���.
Otherwise a 12−volt source is adequate. � current
consumption is �·���

Tone Controls
� tone control and filter circuits � ���� similar to
the original design, being performed by negative feed−
back around the final stage. ��e tone control consists
of a Baxandall network at the input to Vt3. For correct
operation, the two capacitors C�� and C�� should be
close−tolerance components. The use of switched tone
controls is of doubtful value in a mono equipment except
to obtain an accurate “level” position at the centre of
the control. However, in stereo systems the more
accurate ganging between channels obtainable with
switched controls may be an added advantage. Ganged
potentiometers are now available, however, accurate
to within � �� at little extra charge. � tone control
characteristics are shown in Fig. 8.

Three fixed low−pass filters were provided giving cut−
off frequencies of 20 kc/s (“flat”) 10kc/s and � ��/�
�s in the original design, the slope of attenuation varies
with the setting of the corresponding tone control, since
both filter and tone control are achieved by feedback
round � same transistor. � maximum boost posi−
tion of the tone control gives the greatest slope of the
corresponding filter. This ensures maximum discrimin−
ation against frequencies outside the audio band, when
they would otherwise prove most objectionable. �
filter characteristic is shown in Fig 9.

Balance
The original form of balance control (Fig. 10) was aban−
doned since its operation (by varying the collector load
of the output transistor) resulted in noise at the output,
and gave insufficient variation in channel gains to com−
pensate (for example) for a different loudspeaker on each
channel. In addition the tone controls were affected
unequally by altering the fraction of the output fed back,
since this fraction is determined by the ratio RA : RA + RB,
and for identical performance from both channels this
ratio must be maintained. Fig. 9. Low-pass filter response (radio input).
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Fig. 8. Pre-amplifier tone control characteristics (low-pass filter
at 20kc/s).




