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Figure 1 —Graph of a sine wave of amplitude 2, with vertical offset 0.2 and phase 
delay of 30 degrees. It is the graph of 2*sin(x-30) + 0.2.  The values of the function 
at 0, 90, 180 and 270 degrees are shown as -0.8, 1.93, 1.2 and -1.53 respectively. 
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Figure 2 —Twisted-Ring (Johnson) Counter, with a multiplexer 

to choose the desired phase for the Composite Reference. Note that it  
may not be necessary actually to generate the composite reference signal, 

since the 20 KHz control signal can be used directly to trigger ADC 
conversions, with the microprocessor monitoring in order to take 

digital readings at the proper times. 
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Figure 3 —Alternate Signal Generation using PLL 

If an IF signal reference is available from the rest of the circuitry, this 



phase locked loop will multiply it by four to provide a 20KHz signal whose 
rising (or falling) edges can be used to trigger ADC sampling. 
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Figure 4 —The four reference signals are shown.  We use Ref1 until the 

end of its Hold period, then shift to Ref2 until the end of its Hold 
period, etc.  The resulting composite reference is shown at the bottom, 

which also indicates the combined Track and Hold periods.  The samples 
of the test signal are effectively taken at the start of each Hold period 

and therefore are done at 90 degree intervals. 
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Table 1—Maximum Error (Degrees) 
for various percentage errors 100*E/S 
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Table 2—approximate errors for different signal levels. 
0db is assumed to be the strongest signal we can measure. 
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