Noise Calculations

The following calculations show the relationship between voltage variation (noise), the distance between the capacitor plates, and the amount by which these plates can move and still leave the experimenter the ability to measure nanometer motion.
For this calculation, assume the real voltage across the resistor is very small and much less than the voltages across the capacitors. Return to the outline to see a diagram of the setup.   

In the general case:
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substituting for C,
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In this case,
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using the Taylor Expansion,


[image: image13.wmf]...

1

1

1

3

2

x

x

x

x

-

+

-

=

+



[image: image14.wmf]dt

dV

d

x

d

x

d

A

I

o

o

o

)]

1

(

1

[

1

0

+

-

-

=

e



[image: image15.wmf]dt

dV

d

x

d

A

I

o

o

o

)

2

(

1

-

=

e


substituting 
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Since the goal is to find how voltage varies as the gap between the capacitor plate changes, the equation can be changed into one of voltage with 
[image: image18.wmf]IR

V

=



[image: image19.wmf]R

t

V

d

x

d

A

V

o

o

o

o

]

cos

)

2

)(

[(

w

w

e

-

=


Recall: 
[image: image20.wmf]o

o

d

A

C

e

=

 and the frequency has been chosen such that:
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comparing amplitudes:
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and 
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  Recall that this ratio should be << 1 due to the original voltage assumption.

since 
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