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Human audition can distinguish frequencies that are only 0.2% apart as well as perceive trillionfold differences in
sound pressure level. These properties stem from sound-induced nanoscale vibrations in sensory epithelium of the
inner ear. The epithelium is composed of three layers; sensory hair-cell, supporting-cell, and basilar-membrane
layers. Although spatially different distribution of the vibrations in each layer seems to be involved in the
extraordinary hearing properties, this profile has not yet been precisely measured by conventional technologies.
Therefore, we have developed an imaging system that can three-dimensionally detect the object’s vibrations. The
underlying technigue is based on the optical coherence tomography, which is currently applied to medical diagnoses.
First, a supercontinuum broadband light source is used to achieve high imaging performance. The spatial and depth
resolutions are approximately 3.6 um and 1.8 um, respectively. Second, a vibrometry technique and a urtra-speed
CMOS camera are incorporated into the system. This arrangement allows us to pursue nanoscale vibrations of up to
30 kHz in a wide area of a radius of 1 mm. Through an equipped microscope we scanned the traveling vibrations
within the basilar-membrane layer in a live guinea pig. This system has a potential to determine physical networks
across each layer of the epithelium and thereby it may contribute to finding a fundamental mechanism underlying

auditory function.




