The Smallest Motion Detectable Above Noise

The following calculations tell what motion can be detected with different amounts of noise.  The first calculation assumes the smallest theoretical noise possible is present (thermal noise); the second calculation uses the noise that is present in all of the electronics but without the test capacitor in place; the third calculation uses the noise of electronic equipment and the capacitor.   

Calculation 1:

Theoretical 
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Thermal noise is approximately 1.6E-20 W/Hz

With 1 kHz bandwidth, the Pnoise becomes 1.6E-17 W

In this case, we supply Po = 10^-2 W
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 where do is the gap between the capacitor plates.

When the signal is centered (as close to 0 as possible), the distance between the top two plates is 8.106 mm.  

Reading off the voltmeter, these 2 plates touch at 8.177 mm.  

 8.177 – 8.106 = .071 mm = 71 microns.

Reading off the oscilloscope, the distance between these same 2 plates is 8.175 mm.

8.175 – 8.106 = .069 mm = 69 microns.

Averaging between these 2 values, 71 and 69 microns, one attains the value of 70 microns for do, the gap between the plates.

All of these readings were taken while the capacitor was set on a chair with a soft cushion, so as to minimize motion between 3 and 1000 Hz.

Result:
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This is the minimum motion theoretically possible with the given gap and the thermal noise. 

Calculation 2:

Calculating the real value of x:

do=.070 mm

rms = 15.5 mV

gain = 25,000

Vout= rms/gain = 6.2E-4 mV

Vin=478 mV
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This is the smallest detectable motion due to noise without the prototype capacitor in place.

Calculation 3:

Noise in the circuit with the prototype capacitor in place  

From the graph of DC millivolts vs. micrometer movement (mm), the slope is:
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rms range = 11 – 16 mV 
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This is the detectable motion with electronic noise and the test capacitor in place.  This is a positive result since it is smaller than a nanometer.
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