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ABSTRACT. This work presents a new explanation for the extinction paradox and shows
that the canonical explanations are incorrect. The paradox refers to the large size limit of
a particle’s extinction cross section. It is called a paradox because the geometrical optics
approximation, which should be valid in this limit, predicts a cross section that is half of
the true value. The new explanation, developed here and continued in Part II, is achieved
by formulating the scattered wave in terms of an integral over the particle’s surface where
the seemingly unrelated Ewald-Oseen theorem appears in the formulation. By expressing
the cross section in terms of this surface integral, the Ewald-Oseen theorem is analytically
connected to the cross section. Several illustrations are used to study this connection. Part
II of this work unifies the results of Part I under a common interpretation where the full
significance of the new explanation emerges. All in all, this work constitutes a fundamental
reworking of sixty years of accepted understanding for the cause of the asymptotic behavior
of the extinction cross section.

INTRODUCTION

The extinction paradox traditionally refers to the asymptotic limit of a particle’s extinction
cross section as the size of the particle becomes much larger than the incident wavelength
[1, 2]. The reason this is called a paradox is due to an attempt to understand extinction using
the geometrical optics approximation, which should be valid for such very large particles.
In this approximation, the cross section Cext is expected to equal the particle’s geometrical
cross section Cgeo. However, the true value as properly measured or calculated from exact
theory is twice this, i.e., Cext = 2Cgeo. One might then ask, how can a very large particle
remove more energy from a beam than it geometrically intercepts? Thus, the paradox is
born. Explanations for this discrepancy are well established. The most often cited is due
to van de Hulst and relies on a combination of diffraction and geometrical optics [3]. A less
encountered alternative, by Brillouin, relies on destructive interference within the geomet-
rical shadow [4]. The highly intuitive and simple character of these enduring explanations
has given the paradox a reputation as a well-understood effect.

The purpose of this work is two-fold: A new analytical framework will be presented to
describe the asymptotic extinction behavior associated with the paradox. This is done by
deriving a connection between the cross section and the seemingly unrelated Ewald-Oseen
(EO) extinction theorem. Numerical examples are presented in Figs. 3-6 below, which de-
velop for the reader an intuition for the role of the EO theorem in the scattering process.
Part II of this work shows that when taken together, these examples reveal a connection
between EO and the paradox [5]. It is this connection that leads to a new explanation of the

paradox and uncovers important insight into the fundamental interference nature of extinc-

tion. The second purpose of this paper, presented primarily in Part II, is to demonstrate that
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