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Measurement of the phase of a wavefield is an important technique that allows determination of subtle features of essentially transparent objects.  Phase imaging traditionally relies on interferometric methods, but can also be based on non-interferometric propagation measurements.  Examples include optical imaging of biological cells
, X-ray imaging of microspheres
, and neutral atom imaging of electromagnetic fields
.
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Figure 1 illustrates the concept of non-interferometric propagation phase imaging.  In the paraxial approximation, the phase, intensity, and intensity derivative of a beam can be related through the transport of intensity equation (TIE)
.  The intensity distributions of the light field in two separated planes are used to obtain the intensity derivative, and the TIE is then solved using a method first developed at the University of Melbourne for visible optics

We demonstrate this technique by measuring the phase shift for near-resonant laser light passing through a Rb vapour cell.  A localized phase distortion is introduced with an on-resonance laser to excite Rb atoms in a given region, hence altering the refractive index.  This demonstration of TIE based phase retrieval has potentially important extensions to imaging of atoms in magneto-optic traps and Bose-Einstein Condensates.
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