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Fig. 2. Signal extraction scheme of power-recycled Fabry–Perot–Michelson interferometer. The components in the dashed box are the
signal-extraction ports for the 3v demodulation proposed in this article. The symbols I and Q represent the local oscillators whose initialm

Ž . Ž .phase is same in-phase and orthogonal quadrature-phase as the phase modulation.

niques to separate the longitudinal signals have been
investigated. Signal extraction schemes using a fre-
quency-shifted subcarrier, which is generated by an
additional modulation and a complex input optics
assembly, have been described in several papers
w x w x8,12,13 . In our earlier Letters 14,15 , we have
presented and demonstrated a technique to obtain a
d l signal without the contribution of dL byq q
precisely adjusting the optical parameters.
Here, we propose a new signal extraction scheme

for power-recycled Michelson interferometers with
Fabry–Perot arms based on frontal modulation. The
signals corresponding to d l and d l are obtainedq y
at the reflection port by demodulation at the third-
harmonic of the modulation frequency – hereafter
we call this demodulation ‘3v demodulation’. Thism
technique can be realized without either an addi-
tional modulation or a modification of the basic
optical configuration as used in the conventional
scheme. The extracted d l signal inherently hasq
better separation from dL than the signal with theq
v demodulation. In addition, several options arem
available to completely eliminate the dL contribu-q
tion from the demodulated signals. The amplitudes
and the signs of the d l and d l signals with theq y

3v scheme have a smaller dependence on them
optical parameters as compared to the conventional
v demodulation; the signals do not vanish form
typical optical parameters. Consequently, the control
system with our technique is greatly simplified and
becomes robust against fluctuations of the optical
parameters caused by contamination of the mirror
surfaces and by imperfections of the interferometer
such as misalignments.

2. Signal extraction with frontal modulation
scheme

2.1. Frontal modulation

The phase modulation at a radio frequency vm
generates sidebands separated from the carrier fre-

Ž .quency V by nv ns"1,"2, . . . . The result-m
ing electric field of the beam is expressed as the
superposition of the carrier and the nth order side-

n Ž . iŽVqnvm . tbands given by E i J m e , where E is thel n l
amplitude of the incident electric field, m is the

Ž .modulation index, and J m is the nth-order Besseln
function. At the operating point, the carrier is kept


