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This is not intended as a rigorous analysis of the FBV sensor circuit, but should rather be thought of as an explanation of the general mechanism which makes it work.

The capacitive position sensor consists of two sensor plates, copper foil layers, on opposite sides of a stationary printed circuit board. Above and below the PC board are two moving, grounded plates which form capacitors Ca and Cb, which change value as the grounded plates move vertically.  As the boom moves up, Ca increases in value while Cb decreases.  Note that it is the grounded plates which move.  The circuit board which carries the active plates is fixed, so no sensor wires need cross the pivot.  The grounded plates are connected either through conductive pivot flexures or through the spring.
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Sensor plate construction
In the Inyo design the capacitor plate areas are approximately 43.5 cm2 with spacing of 1/32" or 0.79 mm.  When nearly centered, Ca and Cb are each about 47 pF and vary at a rate of approximately 61 pF per mm of motion.  Cc is a stray capacitance of about 130 pF  created by the circuit board dielectric between the driven electrode plates.  The plates are perforated in order to reduce pneumatic squeeze-film damping effects.
Any difference in capacitance is detected and amplified by U7 and its associated circuits.     Note that the output of U7 represents a relatively high resistance and it must be followed by a high-impedance buffer amplifier.  In this analysis one thing in particular is ignored: the fact that the ±5V drive voltage is capacitor coupled, which means that there may be a small common-mode bias to the ±5V voltage levels.  That is, they may not be exactly equal and opposite.
This sensor design is likely to be useful only in a feedback-controlled instrument.  With the comparatively small plate spacing the sensor plates can not be allowed to move significantly which will only be possible in a force-balance design.  And by constraining its motion the sensor is maintained in a region of nearly linear output.  One instrument was successfully tested with a gap of only 0.01", though with that small spacing there was more pneumatic damping than was desirable.
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        Switches shown in phase 2 position
During the 8 sec phase 1 of the switching cycle the sensor capacitors Ca and Cb are charged to -5V and C3 is not present, being connected at that time to the switch output terminals.

During phase 2, the transfer capacitor C3 is connected between Ca and Cb and we want to determine what its voltage will be as a result of any imbalance between Ca and Cb, and then determine how that voltage is transferred to output capacitor C4.

Mesh 1 and mesh 2 are drawn to represent two closed current-paths in the circuit, noting that each properly defines a closed loop when the power supplies are drawn in.  Anyone familiar with electrical circuit theory may recognize that identifying such meshes is the first step in writing the complete matrix equations which define the circuit voltages and 
currents.  For us, the important fact is that within each phase, our circuit is linear, so the currents in each of the meshes and their effects may be computed individually and the results summed to obtain the overall values.  Note that for this analysis we are assuming that the drive voltage is DC coupled, while in the actual instrument it is applied through C2, a 0.1F capacitor.  The effects of this difference, if any, will be examined at a later date.
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