
Valve Curve 
Diagrams 

LAST month, in discussing cathode followers, I made 
use of certain valve curve diagrams. It has occurred 
to me that there may have been readers who quickly 
shied off at that stage, or, seeing the diagrams in 
advance, were non-starters. Others, though less 
easily deterred, may through unfamiliarity have found 
them somewhat baffling, notwithstanding the clues I 
scattered as freely as space permitted. 

The first thing that has to be explained, perhaps, 
is why it is considered necessary to use up a lot of 
paper and drawing effort in this way instead of deal
ing with valve problems in a neat equation or two. 
The reason is that valves do not behave in ways that 
can be represented accurately by neat equations. They 
are not like resistors and capacitors and air-core 
inductors. Oh, I know there is such a thing as an 
"equivalent generator" by which certain valve calcu
lations can be reduced to simple algebra, but (a) that 
method takes account only of signal currents and 
voltages, so is no use at all for finding the best working 
conditions, such as grid bias voltage, and (b) it doesn't 
even deal with the signal part accurately, because it 
ignores the curvature or non-linearity of valves. In 
any case, certain types of mind are more brightly 
illuminated by a graphical diagram than by a row of 
equations. 

In equations, quantities such as voltage and current 
are represented by letters or numbers (depending on 
whether their values are being dealt with in general or 
particular). On diagrams they are represented by dis
tances on the paper. I am assuming it is well known 
how two such quantities are represented by distances 
respectively horizontal and vertical. Even tired busi-
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Fig. I. Graph of current against voltage for linear resist
ance, represented by the diagonal line. The power used up 
in it when I amp is flowing is represented by the shaded area. 
Negative currents and voltages are in the reverse direction 
in the circuit. 
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ness men understand this, when the two quantities are 
such things as time and commission on sales. But 
while we may all understand how it applies to voltage 
and current (for example, anode current and grid 
voltage), what may not be quite so clear is how resis
tance, conductance and power can also be represented 
on the same diagram, or how several different voltages 
in a circuit can be shown. 

If one were to repeat Ohm's original experiment, 
plotting the current passing through a piece of wire, 
against the voltage between its ends, the resulting 
graph would be the kind of thing shown as Fig. 1-a 
straight line passing through the "origin" (0). (Of 
course Ohm himself knew nothing about volts and 
amps, but we might as well make use of our modern 
units.) The information conveyed by this line could 
be presented with much less effort as an equation: 
V = 31. Except for the number, the equation would 
be the same for different pieces of wire; a shorter 
length of the same wire would give a smaller number 
than 3, and vice versa. If " V " is being used to denote 
the potential difference in volts, and "I" the current 
in amps, the number is the resistance in ohms. The 
smaller the resistance, the steeper the line in the graph. 
If that fact is not obvious, try one or two different 
lines, and consider why the slope of the line is con
nected with the resistance in this way. The reason, of 
course, is that resistance in ohms can also be regarded 
as volts per amp. So the resistance represented by a 
line on a current/voltage graph is equal to the number 
of volts it slopes along the voltage scale for each amp 
up the current scale. In other words, resistance is the 
ratio of voltage to current, and on a graph the slope or 
gradient of a line is the ratio of vertical movement to 
horizontal movement or in this case current to voltage. 

The easiest figures for finding the resistance in this 
example are 3 volts and 1 amp, but because the line is 
straight-representing a linear resistance-the differ
ences in volts and amps between any two points on the 
line would do. If the resistance were not linear, the 
slope of the line, and the resistance, would vary with 
current (or voltage). 

So not only the value of a resistance but also 
whether or not it is linear, is clearly shown on a 
current/voltage graph. 

And because conductance is the ratio of current to 
voltage, it is shown too; the steeper the slope the 
greater the conductance. The mutual conductance of 
valves is, in fact, often called slope. 

Representing Power 

How about power? It is current multiplied by 
voltage. Horizontal distance multiplied by vertical 
distance gives the area enclosed by the vertical and 
horizontal lines at each end. For example, the power 
released in our wire when 1 amp flows through it (i.e., 
3 watts) is represented by the shaded area. With a 
shorter piece of wire, only 1 volt might be needed to 
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