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S
IX times a week, and twice on Sundays, for the 

last thirty years, someone, somewhere, has 
introduced a new type of valve. The designers 

of wide-band amplifiers have attempted to deal with 
this vast variety by introducing a factor of merit 
based on the mutual conductance and the capacitances. 
By the use of this factor of merit the designer can say 
that valve A is better than valve B. At very high 
frequencies a new factor, the noise resistance, appears 
to be the most suitable criterion. The audio designer 
is left to choose his valves by intuition. In this article 
I shall point out the merits of two different figures of 
merit for use by audio designers. 

It is, of course, time that the designer is not con
fronted by the possibility of using any one of the 
thousand odd valves listed in the valve books. The 
valves are already classified and sub-classified. Foreign 
customers, for example, often demand that valves of 
American type should be used: they say that replace
ments to fit the new Welsh nine-pin octal are difficult 
to find in their local suppliers. The use of miniatures 
makes them think that they really are getting an 
up-to-date design. Standardization of heater supplies 
makes it necessary to keep to the 6.3-volt valves 
except in the most abnormal circumstances. But 
finally we are faced with the problem of internal 
standardization: if sections of a complete system are 
designed by different people, it looks better if the final 
equipment uses one valve type for one function. We 
must have our domestic standard. In deciding this 
from the short list of, perhaps, half-a-dozen valves, 
the figure of merit can be invaluable. 

Very often, the final choice is a matter of chance. 
The man who is quickest off the mark announces that 
he is committed to such and such a valve: the man 
with the loudest voice overrides the discussion: the 
only type which happens to be available in the local 
shop is used, because no one wants to wait while an 
order goes through. But if a single factor of merit 
can be used to assess the claims of the different valves, 
there is just a hope that the best type will be chosen. 

Characterizing Curve 
The basis on which we can best work is the use of a 

single curve which characterizes the valve, instead of 
the set of characteristics which are usually used. This 
set, of course, really represents a three-dimensional 
surface, and there are quite real difficulties in appreciat
ing the full significance of the normal characteristics. 
The single curve conveys its meaning much more 
directly: for some reason, however, the standard 
text-books seem to have overlooked its merits. 

In the disCussion of the figure of merit it will be 
assumed that we are concerned mainly with pentodes. 
I am fully aware of the advantages of using positive 
feedback triode pairs, but the problem of type selection 
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is not so acute here, because there is not really a wide 
range of choice. The pentode valve characteristic can 
be written in the form 

la = 10 + Ae. + Be.: + Ce�3 + . .. (1) 
where I� is the anode current, 10 the steady component 
with no signal applied, and e. the alternating com
ponent of the grid voltage. A, B, C etc., are parameters 
which are fixed by the valve construction. 

Differentiating this equation, we have 
dl,,/de. = A + 2Beu + 3Ce/ 

which goes to 
(2) 

dI,,/de. = A if e. is made small enough. This means 
that A is simply the mutual conductance of the valve. 
Let us plot a graph of mutual conductance against 
grid bias. We can measure this ourselves, and some 
valve manufacturers give us this graph for some of 
their valves. Such a graph is shown in Fig. l. 
Sinceg", = dI,,/de., we can write 

I f'" .. 
= g",de, 

-00 
(3) 

= I�, the current at some bias eu. The 
integral of eq. (3) is the area under the g", - e. curve, 
which is shown shaded in Fig. 1. The single curve 
of Fig. 1 thus tells us both the standing current and 
the mutual conductance at any particular bias. 

Going back to equation (2),· we can differentiate 
again, and we have 

dg. 
� 2B 

d" 
This is the slope of the curve shown in Fig. 1. and 

it is actually a measure of the second harmonic dis-

Fig. J. The basic valve characteristic. showing mutual 
conductance as a fUnction of bias. The shaded area 
is the anode current. 
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