










screen-grid circuits, when the anode-to-anode loading should be 
6.6kΩ. 
 

 
 
 
With distributed loading, total distortion is reduced very much 
compared with normal loading. The rated power reserve of 10W is 
maintained although overloading now occurs at 11W instead of 14W, 
However, the rate at which distortion increases with output power 
after overloading is less with distributed than with normal loading. 
The frequency response of the amplifier is the same for either method 
of loading, although the stability is improved with distributed loading 
because the lower level of distortion is obtained with reduced loop 
gain. 
 
Negative Feedback 
 
The level of negative voltage feedback taken from the secondary 
winding of the output transformer to the cathode circuit of the input 
valve is 26dB. The output impedance with feedback is 0.9Ω 
measured at the 15Ω output terminals. This gives a satisfactory 
damping factor of about 17 (that is, 15/0.9). 
 
Power Supply 
 
The power-supply stage shown in Fig. 1 uses the Mullard indirectly 
heated, full-wave rectifier, type EZ81. Adequate smoothing is 
achieved using the resistor R22 and the large capacitor C15 (50µF) so 
that the expense of smoothing chokes is avoided. The current 
supplied by the EZ81 is sufficient for any arrangement of the output 
stage and also allows the use of a radio tuner unit. If the low-loading 
version of the output stage is adopted and it is not intended to use the 
amplifier with an f.m. tuner unit, then the Mullard rectifier, type 
EZ80, can be used in place of the EZ81, but it must be emphasised 
that currents greater than 90mA must not be taken from the EZ80. 
 
Limiting resistors must be included in the anode circuits of the 
rectifier, and their values will depend on the type of mains 
transformer used. The total resistance - made up of the added 
resistance and the effective resistance of the mains transformer - must 
be at least 190Ω per anode for the EZ81 used in this particular circuit 
(215Ω for the EZ 80). For most 300-0-300V mains transformers, the 
effective resistance is about 130Ω so the value of R26 and R27 (in 
the 20 % range of preferred values) must be at least 85Ω each (100Ω 
for the EZ80). With the power supply giving an h.t. current of 80mA, 

the voltage across C15 should then be near the specified 320V. The 
voltage across C15 must not exceed 320V at either 80mA with 
normal loading, (Ra-a = 8kΩ) or 60mA with low loading (Ra-a = 6 kΩ). 
 
When an f.m. radio tuner unit is used with the amplifier, the 
additional h.t. current drawn will not normally exceed 35 to 40mA 
and the voltage across C15 will then drop to approximately 295V. 
This additional current should betaken from C15 by way of suitable 
dropping resistors R23 and R24 and should have adequate decoupling 
(provided by C13 and C16). In these circumstances, the overload 
point of the amplifier is reduced from 13 or 14W to approximately 
12W. 
 
The h.t. supply for pre-amplifiers should be taken from C14. The 
values of the smoothing resistor R17 given in the table in Fig. 1 are 
suitable for use with the pre-amplifiers of Chapters 9 and 10. 
 

 
 
 
CONSTRUCTION AND ASSEMBLY 
 
The chassis for the 10W amplifier in which tone and volume controls 
are incorporated is made from three separate pieces of 16 s.w.g. 
aluminium sheet. Two separate pieces of 16 s.w.g. aluminium sheet 
are required for the version without the controls. The dimensions (in 
inches) of these pieces are: 
 
A - For version with controls 

(a) Main chassis 20 x 13 
(b) Base 14⅞ x 7⅞ 
(c) Screen 8 x 3 

 
B - For version without controls 

(a) Main chassis 14 x 8⅝ 
(b) Base 17½ x 4⅞ 

 
The pieces should be marked as shown in either Fig. 3 (with controls) 
or Fig. 4 (without controls) and the holes should be cut as indicated. 
Where bending is required, it is important for the bends to be made 
accurately at the lines for the pieces to fit together properly on 
assembly. 



 



 
 
 
 
 
 

 

Two sets of assembly drawings are included in this chapter. One set 
is for the version of the amplifier which includes the volume and tone 
controls and the other set is for the control-less version of the 
amplifier. The versions differ considerably in layout, but the two 
arrangements will give good stability. The layout of the control-less 
version has been dictated to some extent by the requirements of 
stereophonic equipment. The narrow chassis with the sockets 
arranged on one side will enable two amplifiers to be used 
back-to-back with considerable economy of space. A symmetrical 
arrangement of two amplifiers can be achieved if one of the units is 
built as a mirror image of the other. 
 
In the version of the amplifier having controls, the majority of 
resistors and small capacitors are assembled on one ten-way tagboard 
and one five-way board. These are drawn in Figs. 6 and 7 
respectively. The position of .these boards and the other components 
is shown in Fig. 5, and the wiring between the components is also 
shown in this figure. A busbar earth return is used and only one 



connection is made between this and the chassis. This connection is 
made, via the volume-control potentiometer, at the input socket. The 
only valveholder which needs to be skirted is that for the EF86, and it 
should also be nylon-loaded. 
 
Most of the components of the control-less version of the amplifier 
are assembled on two ten-way tagboards and these are drawn in Figs. 
8 and 9. The general layout of the components in the chassis is shown 
in Fig. 10. As before, a busbar earth return is used and again there is 

only one connection, at the input socket, between it and the chassis. 
Only the valveholder for the EF86 needs to be skirted and it should 
also be nylon-loaded. 
 
D.C. CONDITIONS 
 
The d.c. voltages at points in the equipment should be tested with 
reference to Table 1. The results shown in this table were obtained 
using an Avometer No. 8. 

 
 

 
 
 
 
 

PERFORMANCE  
Distortion 
 
The total harmonic distortion of the prototype amplifier with normal 
loading and with feedback was measured at 400c/s. The variation 
with output power is shown in Fig. 11. The relationship between 
input voltage and output power is also drawn in Fig. 11. At the full 
rated output power, the distortion is less than 0.3 % and at about 14W 
it rises to 1 % 

 
Measurements of intermodulation distortion were made in the 
prototype amplifier using carrier and modulating frequencies of (a) 
10kc/s and 40c/s, and (b)7kc/s and 70c/s, the ratios of the amplitudes 
being 1:4. The values are plotted in Fig. 12 against equivalent output 
power. For a stated equivalent output power, the peak value of the 
combined inputs is equal to the peak value of a single sine-wave 
input which would produce that power. For frequencies of 10kc/s and 
40c/s, the intermodulation distortion (expressed in r.m.s. terms as the 



 



 



percentage of intermodulation products relative to the amplitude of 
the higher frequency) is better than 1.0 % at 10W equivalent output 
power. 
 
The magnitude of 'beat-note' distortion has been measured with 
frequencies of (a) 9 and 10kc/s, and (b) 14 and 15kc/s, the amplitudes 
of the input signals being equal. The difference component present in 
the output, expressed as a percentage of either signal, is also plotted 
against equivalent output power in Fig. 12. 
 
 

 
 
 
 

Sensitivity 
 
The basic sensitivity of the amplifier (that is, the sensitivity at the 
control grid of the EF86) is 2mV without feedback and 40mV with 
feedback. The sensitivity at the input terminals in Fig. 1, thus 
including the controls, is 600mV with feedback. The basic sensitivity 
at the overload point (14W output) measured with feedback is 50mV. 
 
 

 

Hum and Noise 
 
The level of background noise and hum in the prototype equipment is 
at least 75dB below the rated output of 10W. 
 
Phase Shift 
 
The phase shift in the amplifier is low. As shown in Fig. 13, the phase 
shift is 20° at 20c/s and at 10kc/s. 
 
 

 
 
 

Frequency Response 
 
The frequency-response characteristic for an output power of 1W and 
the power-response characteristic for 10W output power under 
normal loading conditions are shown in Fig. 13. It will be seen that 
the frequency response is level (to within 1dB) from 5c/s to 20kc/s 
and the power response is level from 20c/s to 15kc/s. 
 
The loop gain characteristic is also plotted in Fig. 13. This curve 
shows that 26d B of feedback are available at lkc/s. 
 
Output Impedance 
 
The output impedance of the amplifier is approximately 0.9Ω for a 
15Ω load. This gives an adequate damping factor of about 17. 
 
Performance with Normal and Distributed Loading 
 
Performance figures are given in Table 2 comparing the amplifier 
when a conventional pentode push-pull stage is used with the unit 
when distributed loading is used. 
 

 



 
 
 
 

 




