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which lags the square wave by 90 degrees. The integration is caused by the thermal time
lag of the filament. Since the plate current of the diode is temperature limited, a cor-
responding sawtooth voltage appears across the plate-load resistor. This sawtooth voltage
is applied to a frequency-selective amplifier. The frequency-selective amplifier converts
the sawtooth wave into a sine wave by passing only the fundamental frequency of the saw-
tooth wave. The frequency-selective amplifier is also used to reject some of the noise
that originates in the diode.

Noise sets a limit on how small AI can be made compared with X in Eq. (2). The
parameters of the diode circuit were chosen so that the full-scale value of AI, defined -
as Alp.y, was 0.22 ma and the filament reference current I was 5.84 ma (Appendix B).
Using these values, the ratio -a12? to XAI_, would be -0.019. If no correction werc
applied, then the instrument would have a maximum negative error of 1.9 percent vccur-
ring at full scale. This is shown in Fig. 4, where KAI is the ideal square-law or true
power curve, and KAI - AI? is the actual diode curve. The figure also shows a curve,
K,AT - A12, in which the error has been reduced by choosing the zero and full-scale
points on the chart scale as the points representing true power (Appendix C). This
causes the maximum error to fall at midscale, and here the error is 0.95 percent. In
the instrument this error is nearly cancelled by the linear potentiometer loading error
(Appendix D). This was brought about by the proper choice of the linear-potentiometer
circuit parameters. The potentiometer itself has a linearity error of approximately
0.1 percent. Assuming an ideal potentiometer with zero linearity error, the percent
error (full scale) of 12 with respect to the position of the potentiometer slider was
computed using the potentiometer circuit parameters and then plotted in Fig. 5. From
the figure it can be seen that the linearity error introduced by a combination of the
diode nonlinearity and the potentiometer loading effect has been reduced to less than the
0.1-percent linearity error of the potentiometer resistance.
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APPENDIX B

COMPUTATION OF DIODE FILAMENT CURRENTS

The values of I, the dc filament current when the ac power is zero, and AT ___, the
maximum incremental direct current, were determined in the following manner. FigureB1l
is a diagram of a portion of the diode and linear potentiometer sections. All of the resis~
tors are 1/10-percent precision except the linear potentiometer, which has a precision of
about 1 percent, and the 10-K resistor, which is composed of a 7.5-K 1/10-percent preci-
sion resistor in series with a 5-K Helipot. The diode filament resistance was found by
measuring the voltage drops across the 500-ohm resistance and the filament, and then
solving the voltage-to-resistance ratios for the filament resistance.
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Fig. Bl - Diode and linear
potentiometer circuits

Since no current flows through the chopper contact when the 50-kc current and AI are
zero, the value of the filament reference current I was found by dividing the 150-volt
supply voltage by the sum of the 25-K, the 500-ohm, and the filament resistances. The
value of A1, was found by determining the current through the diode filament and
500-ohm resistor when they are shunted by a 17-K resistor and then subtracting this
current from I. The value of I was found to be 5.84 ma, and that of AT__, was 0.22 ma..
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