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Abstract

Kirchhoff's laws are generally regarded as the algebraic starting point for writing equations in cir-
cuit courses, but the profound graph theory and topological constraints behind them are almost
never reflected in teaching. Meanwhile, cutting-edge research directions such as topological circuits
share a mathematical commonality: the Laplace matrix of circuit networks and the Hamiltonian of
tightly bound models have a structural equivalence. Based on this commonality, we can build a
teaching bridge from basic circuit analysis to the physics of topological states. This paper re-exam-
ines the topological essence of Kirchhoff’s laws and proposes a conceptual evolutionary thread run-
ning through the circuit course: Starting from the intrinsic connection between the incidence matrix
and the graph Laplace, to a structured understanding of the nodal admittance matrix, and then ex-
tending the teaching inspiration to topological edge states and topological protection ideas with the
help of the one-dimensional Su-Schrieffer-Heeger (SSH) topological circuit model. This article pre-
sents a four-stage pervasive teaching design, using the SSH circuit as a comprehensive inquiry mod-
ule. It forms a complete classroom implementation plan, from theoretical derivation and simulation
experiments to demonstrable experimental reports. Analysis based on cognitive learning theory
indicates that this design has the potential to significantly deepen students’ understanding of the
essence of Kirchhoff's laws and constraints, and possesses potential advantages in cultivating engi-
neering intuition and stimulating scientific curiosity.
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Table 1. Translation of terminology and equations between circuit networks and tight-bound lattice models
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Figure 1. One-Dimensional SSH circuit. A and B are two nodes within a primitive cell. The nodes are grounded through
inductor L. Nodes A and B within the primitive cell are connected by capacitor C,, and nodes between adjacent primitive

cells are connected by capacitor C,, where C, #C,
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