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Unified Understanding of Polymer Dynamics under Elongation and Shear
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For the standard molecular model for unentangled polymers, i.e., Rouse
model, the equation of motion was fully analyzed for general cases of flow-dependent local friction
z, spring stiffness k, and Brownian force intensity B, with z and B exhibiting tensorial
nonlinearities. The dielectric loss e" reflecting the end-to-end fluctuation of the chain as well as

the diffusivity under flow and rheological properties (viscosity and first normal stress difference
coefficient) were analytically expressed in terms of z, k, and B to reveal characteristic features
under flow, for example, lack of dielectric mode broadening under flow occurring in the velocity
direction but acceleration of the relaxation in that direction. These analytical expressions enable
experimental evaluation of z, k, and B, thereby serving as the very fundamental basis of molecular
understanding of nonlinear flow behavior of polymers.
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