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ABSTRACT

The quadrature tomographic microscope combines conventional microscopy with interferometric quadrature detection
techniques to yield a simultaneous measurement of both the amplitude and phase of the electric field. This is of
tremendous utility in imaging nearly-transparent objects since changes in phase can be directly attributed to changes
in the object’s index of refraction while the small amplitude changes provide additional structural information. In
this paper we will discuss the progress we have made towards reconstructing three dimensional images from the
measured two-dimensional complex electric field. By applying an artificial curvature to the measured field and back-
propagating the Gaussian beams, we are able to digitally manipulate the imaging kernel and image different focal
planes.
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The goal of the Center for Subsurface Sensing and Imaging Systems (CenSSIS) is to provide a unified framework
for sub-surface imaging. One aspect of this program is the combination of advanced signal processing algorithms with
quantitative biology to create imaging modalities not available using traditional light-based microscopes. The first
application of of this inter-disciplinary collaboration is the development of new techniques for assessing the viability
of oocytes and embryo used in in vitro fertilization.

The number of cells in an embryo is an important indicator of the embryo’s health. Counting cells in the inner cell
mass, however, is difficult to do with existing microscopes. This is due to a combination of embryo size (ca. 100 um
diameter), poor optical contrast, and cell stacking within the embryo (see Figure 1). Further, dyes and exterme
light levels must be avoided as these can comprimise embryo viability. The ideal means of counting embryo cells
would be to construct a three-dimensional map of the embryo’s structure using tomographic inversion techingues.
The quadrature tomographic microscope is ideally suited for these kinds of measurements.

Figure 1. Nomarski microscope images of mouse embryos in the 1-cell (far left), 2-cell (center left), &-cell (center-
right) and blastocyst (far right) stages showing the lack of contrast and the difficulties caused by cell stacking.
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