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Abstract: Chain dynamics constitutes the foundational framework for understanding the rheological
behavior and mechanical properties of polymeric materials. This study introduces an instructional design
grounded in the theoretical computation of relaxation time, with scaling relationships serving as its
unifying conceptual scaffold. By systematically developing the Rouse model, Zimm model, and Tube
model—progressing from “single-chain dynamics in dilute solutions” to “hydrodynamic interactions”
and finally to “entanglement-constrained motion”—we establish a coherent, hierarchically structured
pedagogical pathway. Guided by a problem-driven approach, we explicitly articulate the physical
assumptions, mathematical approximations, and logical derivation steps underpinning each model,
thereby highlighting how scaling theory bridges microscopic chain motions with macroscopic viscoelastic
responses. This design directly responds to two persistent challenges in polymer physics education: (1)
the lack of conceptual depth in connecting molecular mechanisms to observable phenomena, and (2)
the fragmentation of chain dynamics topics across disjointed modules. As such, it provides a principled
foundation for curriculum reform aimed at fostering mechanistic reasoning and quantitative intuition.
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Figure 3 Tube model
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