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Fig. 1. Schematic diagram of the Fabry-Perot interferom-

eter in calculable capacitor.
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Fig. 2. Fabry-Perot interferometer for the displacement measurement.
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Fig. 3. Phase change of the Gaussian laser beam, the
radius of laser waist takes the value of wg = 0.3 mm:
(a) Phase distribution of the Gaussian beam versus the
transverse propagation distance; (b) phase distribu-
tion of the Gaussian beam versus the longitude prop-

agation distance.
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Fig. 4. Lens model for the Fabry-Perot interferometer. The parameters are taken as I3 = 1453 mm,
log = 2294 mm, f1, = 1000 mm, fc = 2500 mm, L = 111.3 mm or 316.3 mm, ro = 0.7 and wp = 0.3 mm.
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Fig. 5. (color online) (a) Amplitude of the lights transmitted through Fabry-Perot interferometer with

different round-trips; (b) phase of the transmitted lights versus the longitude propagation distance.
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Fig. 6. (color online) (a) Phases of the light transmit-
ted through the Fabry-Perot interferometer with two
cavity length of L = 111.3 mm and 316.3 mm; (b) the
phase difference versus the longitude propagation dis-

tance.
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Abstract

The calculable capacitor is a classical and fundamental experimental apparatus in precision electromagnetic mea-
surements. It is the alternating current (AC) impedance primary standard, and an important tool in measuring the
fine structure constant. The calculable capacitor provides a way to directly link the capacitance unit to the mechanical
unit of length. In the calculable capacitor, the displacement measurement of the guard electrode is an essential part,
because the average value of the cross capacitances is directly proportional to the linear displacement of the moving
guard electrode. In order to measure the displacement with a high accuracy of 107° or lower, a Fabry-Perot interfer-
ometer, whose cavity length is traceable to a stabilized laser by the phase sensitive detection technique, is employed.
Considering that the Fabry-Perot interferometer is irradiated by the Gaussian laser beam, the effect of the phase shift
of the Gaussian field, relative to the plane wave, should be carefully considered in the displacement measurement. The
amplitude of the Gaussian laser beam disperses out of the region where it can be assumed to be plane-wave propaga-
tion, so its wavefronts bend and their spacing is different from that of the plane wave. As a result, the corresponding
distance of an interference fringe from the coherent Gaussian laser beams is not strictly equal to A\/2, and it means that
the displacement correction based on the phase shift of the Gaussian laser beam in the Fabry-Perot interferometer is
inevitable. Therefore, the measured result should add or subtract the correction value to obtain the actual displacement
of the interferometer. In order to determine the Gouy phase correction, an interferometer model based on the calculable
capacitor is studied analytically and numerically. Using the free space propagation and lens transformation of the Gaus-
sian beam field, the complex amplitude of the partial beam transmitted through the interferometer is obtained, and its
phase versus the longitude propagation distance is analyzed. The amplitude and phase of the total transmitted beam,
which is the coherent superposition of all the partial beams, are presented. Since the Fabry-Perot interferometer in the
calculable capacitor is actively locked to a stabilized laser at two different cavity lengths, the phase of the transmitted
beam at each cavity length is calculated individually. The phase difference between the two transmitted beams versus
the longitude propagation distance is also analyzed numerically. The simulation result demonstrates that the minimum
value of the displacement correction can be obtained by actively detecting the laser light at a distance of 560 mm from
output mirror, when the Fabry-Perot interferometer moves from the cavity length of 111.3 mm to 316.3 mm, and it
means that a displacement correction value of 0.7 nm, with a relative value of |5L|/|AL| = 3.4 x 1077, should be added

to the measured displacement of the guard electrode.

Keywords: Gouy phase, displacement correction, Fabry-Perot interferometer, calculable capacitor
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