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Abstract

The tight-binding approximation provides an important framework for connecting microscopic lat-
tice structures with electronic band theory in solid-state physics. However, in many teaching prac-
tices, the related concepts are often introduced directly from Bloch waves and momentum-space
Hamiltonians. Although students can perform Fourier transformations and calculate band struc-
tures, they may still have difficulty identifying the physical origin of Hamiltonian matrix elements
and understanding how open and periodic boundary conditions modify the Hamiltonian structure,
system symmetries, and corresponding physical properties. In this work, a one-dimensional Su-
Schrieffer-Heeger (SSH) chain is employed as a teaching model, and a conceptual learning pathway
is constructed from “lattice connectivity-real-space Hamiltonian-boundary terms-translational sym-
metry-bulk bands-edge states.” First, a lattice-to-matrix construction task is designed to strengthen
students’ understanding of the structure of tight-binding Hamiltonians. The differences between
Hamiltonian matrix elements under open and periodic boundary conditions are then compared,
demonstrating that periodic boundary conditions are not merely abstract computational assump-
tions but correspond to explicit hopping terms across the boundary. Furthermore, translational
symmetry under periodic boundary conditions is used to introduce momentum-space block diago-
nalization, while finite-chain spectra and eigenstate probability distributions under open boundary
conditions are employed to reveal the spectral characteristics and spatial localization of edge states.
This teaching design aims to guide students beyond formula manipulation toward selecting appro-
priate models according to physical questions, while establishing an integrated understanding of
tight-binding approximation, boundary conditions, and bulk-boundary correspondence.
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Figure 1. Shows the connection methods of the SSH chain under open boundary and periodic boundary conditions. The peri-
odic boundary only adds a cross-boundary transition between the chainend B, and the chainhead A compared to the open

boundary
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Figure 2. Shows the non-zero element distribution of Hamiltonians in a five-cell SSH chain. The two corner elements of the
periodic boundary matrix correspond to transitions across the boundary of the computational domain
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Table 1. Comparison of models with open boundary conditions and periodic boundary conditions in the SSH chain
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Figure 3. Volume band structure of the SSH model under periodic boundaries. When |t1| =|t2|, the band gap is closed, and
the two sides correspond to two different dimerizations
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Figure 4. Energy spectrum and near-zero energy state spatial distribution of a finite SSH chain under open boundary conditions.
Parameters are setas N =20 and t/t,=0.6
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