








to feed the amplifier which in turn drives a
loudspeaker in each of the rooms. The im-
pedance of the speakers is selected according
to the size and noise level of the rooms and in-
dividual volume control potentiometers may
be fitted.

6. Audio Frequency Negative Feedback and

Tone Controls.

Negative feedback for the amplifier is de-
rived from a separate secondary winding on
the output transformer T3 (Fig. 3) of the am-
plifier and applied to the cathode of the valve
V1D. This is a circuit arrangement much
favoured in equipment designed by Philips
in preference to feedback from the anode of
the output valve. Not only does this feedback
reduce distortion due to non-linearity of the
valve characteristics but it also reduces distor-
tion due to non-linearity or frequency selec-
tion of the output transformer. Furthermore,
as clearly explained in a recent article in an-
other journal 2) feedback from the secondary
of the output transformer reduces hum from
the power supply while feedback from the an-
ode of the output valve can actually increase
the hum. (It will be seen from the circuit
diagram that no smoothing chokes are used in
this amplifier. See under sub-heading 11). On
the other hand, the design must be carefully
carried out as the phase shifts in the trans-
former must be taken into account if instabil-

'ity is to be avoided. With care use can be

made of this phase shift to give bass boost to
the amplifier.

Included in the feedback circuit is a network
of resistances and capacitances including the
treble tone control potentiometer R10A. Feed-
back at very high frequencies is maintained
for all adjustments of the tone control by
means of the capacitors C7A and C2C. Resis-
tor R6B is so proportioned with respect to
capacitor C2C that the feedback is reduced
at the very low frequencies. The feedback at
the medium higher frequencies can be attenu-
ated by the tone control potentiometer R10A
and capacitor C1IH. When the arm is moved to
the top of the potentiometer, capacitor C1H
bypasses resistor R6C and increases the feed-
back at the higher frequencies thus attenuat-
ing the treble response of the amplifier. On
the other hand, when the potentiometer arm
is moved towards earth, this capacitor C1H
bypasses the higher frequency feedback poten-
tials to earth, reduces the feedback at these
frequencies and so elevates the treble response
of the amplifier.

2) ‘““Wireless World,”” May 1946,
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A curve showing the frequency characteris-
tics of the feedback circuits is given in Fig. 4
for a condition when the treble and bass tone
controls are set for maximum response and
the attenuation of the feedback at about 30
and 5,000 c/s is clearly shown. This curve
should be compared with the corresponding
response curves of Figs. 1 and 2 and the im-

- pedance curve of Fig. 10.

When designing an amplifier such as this
the designer is faced with the choice of plac-
ing tone controls either in the feedback path
or outside that portion of the amplifier strad-
dled by the feedback. If they are outside the
feedback path, the total gain of the amplifier
with feedback functioning must be sufficient
to give adequate gain to the frequencies at-
tenuated by the tone control, and adjustment
of the tone controls will cause a noticeable
change in the volume of sound. The effect of
an increase in gain at certain frequencies is
obtained by reducing the gain at others. If
located in the feedback path, the tone control
circuits vary the gain of the relative frequen-
cies themselves. The effect of the tone con-
trol on the apparent volume is reduced and
also the number of stages necessary in the
amplifier is reduced because the gain of the
amplifier is at a minimum for all frequencies
when the tone controls are adjusted for a flat
frequency response.

7. Bass Tone Control.

In this typical amplifier, bass control is ef-
fected by varying the size of the screen grid
bypass capacitor by means of the switch S1A.
In effect this is equivalent to a form of feed-
back at the lower frequencies applied through
the screen of this valve. The screen veltage
is permitted to change in synchronism with
the lower frequencies applied to the control
grid of the valve but in opposite phase and
this reduces the effective slope of the valve at
these frequencies.

8. Output and Driver Stages.

The output stages of this amplifier use twe
807 beam power valves (V4A and V4B) driven
by a 6V6 valve (V3A) per medium of an inter-
stage transformer T2A. The output valves
operate in class AB,.

In addition to acting as a driver valve the
6V6 valve V3A provides negative feedback for
d.c. and so minimises changes in the d.c.
potential applied to the screen of the output
stages.?) This action, which largely contri-
butes to the overall performance of the am-
plifier is explained in more detail in section 11.

%) Devised by Messrs. G. Smith, W. Storm and E.

‘Watkinson.

9. Microphone Input Valves.

The microphone inpuf valves are of the 6J7
type connected as triodes. As the input voltage
derived from a microphone is very small it
has been possible to bias these valves by means
of a very large grid leak. When a valve is left
with its grid insulated the grid accumulates a
negative charge and the potential of the grid
can then be controlled by means of the grid
leak. If the resistance of the grid leak is suf-
ficiently large the control grid is biased to a
value a little less than that produced by the
charge accumulated on the isolated grid.

10. Volume Control and Fading Circuits.

The microphones are fed directly to the
grids of the microphone input valves and their
respective volume controls are located in the
outputs of these valves. This permits a very
high input impedance to be maintained at the
microphone terminals so that crystal micro-
phones may be wsed if desired.

The pick-up terminals feed the pickup vol-
ume control directly. The outputs of the three
volume controls are connected to the control
grid of the valve V1C via isolating resistances
so that any volume control may be adjusted
without affecting materially the adjustment
of the others.

11. Power Supply Circuits.

Perhaps the most interesting feature of this
amplifier from a technical point of view is the
power supply and voltage stabilising circuits.
Two rectifiers are used, one supplying the an-
odes of the output stages and the other the
screens of the output stages and also the an-
odes and screens of the driving and voltage
amplifying stages. The two power supplies are
interconnected in such a manner that the
driving valve controls the bias of the output
stages in such a manner as to compensate for
changes in the screen potentials. No smooth-
ing chokes are used as the overall design is
such that these are unnecessary and power
which would otherwise be dissipated in chokes
is saved.

A simplified form of the voltage stabilisation
circuits is shown in Figure 5 and it will be
seen from this figure that the driver stage
power supply is linked to the power supply for
the anodes of the 807 valves by a direct cur-
rent connection from its control grid to the
junction of two resistors R3 and R4 which con-
nect the positive terminal of the 500 volt sup-
ply to the negative terminal of the 300 volt
supply. The earth circuit of the 300 volt sup-
ply is made via the resistors R2 and R1, the
voltage across the latter being used to bias the
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output valves. The bias applied to the 807
valves therefore depends upon the current
flowing through the 6V6 driver valve and this
current in turn depends upon the voltage of
the main 500 volt supply because of the d.c.
connection to its control grid. If the voltage
of the main supply falls the potential applied
to the grid of the driver valve will move in a
negative direction thus decreasing the current
through this valve and so decreasing the bias
applied to the output 807 valves. If the volt-
age of the 500 volt supply increases the op-
posite action takes place and the bias to the
807 valves is increased.

The regulation of the 500 volt supply is not
perfect and when the output valves commence
to function as class B amplifiers, and their
consumption of d.c. anode current increases,
the effective voltage of the 500 volt supply will
fall. In the absence of any compensation net-
work, the output power of the stages would
also be decreased. Due to the network the
bias voltage also changes and so operating
conditions are maintained near to those for
maximum output.

Similarly the network also adjusts the screen
voltage of the 807 valves to assist in compen-
sating for a fall in anode voltage. The effec-
tive screen voltage is the voltage of the 300
volt supply less the voltage drop in the re-
sistors R1 and R2. This voltage drop is par-
tially determined by the current through the
driver valve and preliminary stages and partly
by the screen current itself. When the voltage
of the 500 volt supply decreases the current
through the driver 6V6 also decreases thus de-
creasing the voltage drop in the resistors R1
and R2 and thereby increasing the screen volt-
age which is 300 volts minus the voltage drop.

The curve in Figure 6 shows the relation-
ships between the bias applied to the 6V6 bias
voltage and cathode current and the output
voltage of the amplifier. Figure 7 shows a
similar relationship between the anede volt-
age and current of the 807 valves and the
voltage output.

Figures 8 and 9 show the relationships for
807 screen current and bias and also the low
voltage supply current and voltage (to ground)
with respect to output voltage. The extent of
the compensation caused by the circuit can be
gathered from these figures.

12. Output Impedance.

The output impedance of an amplifier with
feedback is largely determined by the magni-
tude of the feedback and when the frequency
response of an amplifier is controlledl by means
of negative feedback the output impedance of
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