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Measurement of Small Amplitude Vibrations by a Fizeau-Type
Interferometer Using a Multimode Optical Fiber

Toshinori NAKAJIMA

The Institute of Physical and Chemical Research,
2-1, Hirosawa, Wako 351-01

A Fizeau-type interferometer using a multimode optical fiber is constructed and applied to
the measurement of small amplitude vibrations of a mirror and a rough surfaces. A gradient
index rod lens is used at the exit end of an optical fiber as a beam splitter and a collimating
lens. Since two interfering beams of light are transmitted through the same optical fiber,
the complicated phase variation of light due to multimode dispersion in an optical fiber does
not affect the output of the interferometer. The interferometer can be adjusted more easily
than the one that uses a single-mode optical fiber. Vibration amplitudes in the range 0.1-100
nm have been measured when the distance between the gradient index rod lens and the
vibrating surface is fixed at 10 mm., A vibration amplitude of 28 nm has been detected at a distance
of 150 mm, even when the surface is rough and the light reflected and directed into the optical

fiber is weak.
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Fig. 1 Experimental configuration of a multimode optical fiber
interferometer for measuring small amplitude vibrations.
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Fig. 2 Detected signal (upper trace) and drive
signal (lower trace) to the object with a rough
surface. The frequency of vibration is 1 kHz and
vibration amplitude is 7.8 nm.
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Fig. 3 Signal voltage against drive voltage to the object with a rough surface for different
voltage ranges. The frequency of vibration is 1 kHz and the vibration amplitudes correspond
to (a) 0-116nm, (b) 0-21.3nm, (c) 0-4.67 nm and (d) 0-1.24 nm, respectively.
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Fig. 4 Amplitude of vibration against drive
voltage to the object with a rough surface.
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Fig. 5 Signal voltage against distance between
the gradient index rod lens and the object with
a rough surface.
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