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and pentode tubes where the anode voltage has little effect on the 
amount of anode current flowing. A more exact method, showing 
that for harmonic operation the operating line is a simple Lissajou 
figure, has been described by Brown. 8 

The results obtained by using this computer for power-ampli
fier service can be applied in combination with the other methods 
given in the literature to give good accuracy with simpler proce
dures. The resulting accuracy is well within the normal variation of 
the tube characteristics due to the normal variation in manufactur
ing dimensions of the a tube. Since the published tube curves are 
only typical of the characteristics to be expected from a particular 
tube type, the calculated performance is well within the values ob
tained when different tubes of a given tube type are operated under 
the assumed conditions. 

Example Showing Detailed Use of the 
Eimac Tube Performance Computer 

Radio-Frequency Power Amplifier, Class-C 
(Telegraphy of FM) 

Assume that we have an EIMAC 4CX20,000A/8990 tetrode 
and want to make it work efficiently. Also assume that we have a 
10 kilovolt de power supply available. 

Within frequency limits, we know that a tube should be able 
to run in Class C amplifier service with about 75% efficiency or 
higher, or, in other words, to convert 75% of the de anode input 
power to RF output power. The difference, or 25% of the input 
power, is dissipated and lost as heat on the anode of the tube. The 
de anode input power is then about four times the power dissi
pated on the anode. 

The 4CX20,000A/8990 tetrode has a maximum rated anode 
dissipation of 20 kilowatts. To illustrate performance near the max
imum rating, we will choose an input power about 1.5 to 2 times 
the dissipation rating, or about 30 - 40 kilowatts. At 10 kilovolts 
the de anode current must then be 3 to 4 A. We will use 3.2 Am
peres of anode current for our example, striving for 80% efficiency. 
We hope to obtain at least 25 kilowatts of output power. It is nor
mal practice with tetrodes and medium or low µ triodes in Class C 
amplifier service for the de grid bias voltage to be roughly two to 
three times the grid voltage necessary to cut off the flow of anode 
current. By referring to the curves for the 4CX20,000A/8990, it 
is decided to use a de grid bias voltage of -400 volts. Higher bias 
voltage may be employed in applications where highest possible ef
ficiency is desired (and additional drive power is available). In such 
a case, points will have to be established below the bottom-most 
line in the data sheet, which is -400 Volts, by scaling a new grid 
voltage line horizontally below the existing line. Scaling for higher 
anode voltage can also be done in this way (within the absolute 
maximum ratings established for a given tube type). 

Now locate the operating line on the constant-current curves 
for the 4CX20,000A/8990. (See Figure 4). First, mark the point 
where the de grid bias and de anode voltage cross. The operating 
line must go through this point, which can be referred to as "Point 
No. I." Next, the peak value of the anode current and how low we 
can let the instantaneous value of anode voltage (ebm) be when 
the tube is passing this much current must be decided. This is nee-

essary in order to locate the other end of the operating line, e.g., 
"Point No. 2". 

The peak value of anode current in Class C amplifiers can 
range from three to five times the value of average de anode cur
rent, the actual value being determined by the conduction angle 
(narrower conduction angles result in a higher peak-to-de ratio). 
Less than 120 degrees is a typical conduction angle and a peak-to
average ratio of 5 is typical in high efficiency class-C service. The 
minimum value of ebmin is usually limited by the fact that if it is 
too low, the grid current in triodes or the screen current in tetrodes 
will be needlessly high, resulting in high grid or screen dissipation. 
Little will be gained as far as output power is concerned if the tube 
is driven "harder." The minimum value of anode voltage is usu
ally in the region where the anode constant-current curves bend 
upward (entering saturation, see Figure 4.) In the case of triodes, 
this is near the "diode line," where the instantaneous anode and 
grid voltages are equal. The practical procedure in calculating tube 
performance is to arbitrarily choose Point No. 2, complete the cal
culations, and compare the data to target values and repeat the 
process until the desired results are obtained. 

In the case of the 4CX20,000A/8990, let us choose a peak 
value of anode current about five times that of the de anode cur
rent of 3.2 Amperes, or approx. 16 A. Let us choose a minimum 
instantaneous anode voltage of 1 kilovolt, the same value of screen 
voltage used when the curves were taken. This defines the upper 
end of the operating line. Locate this point on the tube curves, and 
refer to it as Point No. 2 in Figure 4. (The anode currents which 
flow at various combinations of anode and grid voltages are shown 
by the anode-current lines.) The value of current for each line is 
noted. In-between values can be estimated closely enough for our 
purposes. Draw a straight line between Points 1 and 2. This line is 
the operating line, and shows the current and voltage values at each 
instant in the RF cycle when the current is being taken from the 
tube. The nonconducting half of the RF cycle would be shown by 
extending the line an equal distance on the opposite side of Point 
No. 1. There is little to be gained by this line extension, since no 
current flows during this half of the cycle. 

The EIMAC Tube Performance Computer can now be used 
to obtain the average currents (what will become meter readings 
in actual operating conditions) and anticipated power values from 
this operating line. Overlay the computer on the constant-current 
curve so that the "guide lines" of the computer are parallel with 
the operating line. Slide the computer (without turning it) until 
the line OG passes through the de voltage point No. 1, and line 
OA passes through the peak-current Point No. 2. Be sure the guide 
lines are still parallel to the operating line. 

Note that the lines OB, OC, OD, OE, and OF all cross over the 
operating line. 

At each point where the lines OA, OB, etc. cross the operating 
line, we must determine the instantaneous values of anode current 
and grid current (and screen current if a tetrode or pentode is used) 
which are flowing at that particular moment in the RF cycle. Later, 
from these key values of current, values of anode current, grid cur
rent, screen current, and the RF components of the anode current 
may be calculated. 












