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ABSTRACT

A specimen containing spherical particles each of which has a concentric
spherical core is sectioned by an IUR plane. The profiles in the plane are a
mixture of discs and annular rings. Formulae are given which relate the size
distributions of the profiles to that of the particles.
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I NTRODUCT ION

The problem comes from embryology. We are presented with a flask
containing a colourless liquid, which we are told contains a suspension of
invisible colourless cells. We seek their size distribution. First an opaque
material that binds to the surface of the cells is introduced. The cells are
rendered visible but their sizes cannot be directly observed because they are
hidden within an opaque coating. A transparent resin is added which solidifies
the contents of the flask. We now have a solid block containing coated cells
in a transparent matrix. The stereological procedure is to take a plane
section at random through the block. The result is a probability sample of
sections of cells. The randomness is to ensure that there is no systematic
bias. The randomness needs qualification since, even if it is expressed as
"uniformly at random", this does not make for a unique specification. See for
example Bertrand (1888) or Coleman (1989b). Here we require the randomness
designated IUR (isotropic uniform random) by stereologists.

The profiles are either annular rings or discs, depending on whether or
not the sectioning plane cuts the core of the shell. We observe the sizes of
the rings and discs, and their intensities (the numbers of each per unit area
of the section). The problem is to obtain estimates of the size distribution
of the shells, that is to say, the joint distribution of their inner and outer
radii, and their intensity (the expected number of shells per unit volume of
the specimen). This is thus a generalization of the Wicksell corpuscle problem
(wicksell, 1925). Indeed, if the cores were not there, or the shells had zero
thickness, we would have Wicksell’s formulation.

The problem of this paper was first discussed in Bogataj (1980). Coleman
(1986) gave a distribution—free estimation procedure for shells sectioned by a
thin slice and was based on methods developed by Saltykov (see Weibel, 1980,
Chapter 6). Simple adaptive methods of selecting the size classes have been
demonstrated in a simulation exercise (Yan, 1989).












