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Sub-wavelength position sensing using chaos

Daniel J. Gauthier, Duke University, Department of Physics and Fitzpatrick Institute for Photonics,
Durham, North Carolina, 27708 USA

Abstract: Diffraction, a property of electromagnetic waves, blurs spatial information less than the wavelength of an illuminating source
and hence limits the resolution of images. Over the past several years, research teams have discovered different approaches for
beating the diffraction limit, leading to a revolution in biological imaging where sub-cellular structures tend to be smaller than the typical
illumination wavelength. Each super-resolution method has advantages and disadvantages so it is important to continue to develop
new imaging modalities and transition them to practical application in biological imaging. Some of the existing methods use fluorescent
molecules that serve as sub-wavelength point markers, where imaging is enabled by sensing the position of the markers. Here, we
describe a new position-sensing modality that relies on the inherent sensitivity of chaos. We illuminate a sub-wavelength object with a
complex structured radio-frequency field generated using an inexpensive nonlinear feedback loop. Analyzing the frequency content of
the waveform in the feedback loop allows us to extract position information of the object along either of two orthogonal directions with a
resolution of ~A/10,000. We generalize this method to demonstrate full two-dimensional position sensing with a resolution of ~A/300.
Possible applications include through-wall position sensing and tracking of sub-wavelength objects. We also discuss possible
extensions of this work to three dimensions and to optical microscopy.
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