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Abstract

In teaching the course Complex Functions and Integral Transforms, students are often able to
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compute residues and carry out routine Fourier-transform calculations, yet they have difficulty un-
derstanding how the two topics are connected and how they can be used together in practical prob-
lems. The course is a common foundational course for students from a range of engineering majors.
The proposed unit is intended for undergraduates taking the course in the first semester of their
sophomore year. Students are expected to have studied complex numbers, the residue theorem, and
basic properties of the Fourier transform; no prior knowledge of Green’s functions or scattering
theory is required. To address this difficulty, this paper develops a teaching case around a simpli-
fied one-dimensional weak-scattering problem. First, the integral kernel associated with the wave
equation is expressed as an inverse Fourier transform, and its closed-form expression is derived
using contour integration and the residue theorem. Next, under a first-order approximation for
weak scattering, the relationship between the reflection coefficient and the Fourier spectrum of the
target profile is established, and the target is approximately reconstructed from finite-bandwidth
reflection data. Numerical experiments are conducted by varying the target position, width, and
separation, as well as the measurement bandwidth and noise level, and by comparing the results
obtained with and without phase information. These experiments allow students to observe
changes in the computed results and explain their causes. Rather than introducing the general the-
ories of one-dimensional scattering and Green’s functions, the teaching design uses the simplified
model to bring together the residue theorem, properties of the Fourier transform, and the inverse
Fourier transform in a single application. The paper presents the teaching content, experimental
tasks, and assessment plan, providing a practical example for connecting these topics in classroom
instruction.
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Figure 1. Teaching content and classroom activity arrangement
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Figure 2. Typical experimental results: (a) Target recovery under finite frequency band; (b) Resolution of two
targets; (c) Reflection phase and target position; (d) First-order approximation error of point target reflection data
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