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　 The response of polymer melts to mechanical perturbations has recieved much attention since
they exhibit both liquid-like and solid-like (viscoelastic) properties. The viscoelasticity in the
linear response regime is described in terms of the stress relaxation function, G(t), which relates
to the stress autocorrelation function in the equilbrium state by the Green-Kubo formula [1].
To investigate the linear viscoelasticity of polymer melts from the molecular level, equilbrium
molecular dynamics (MD) simulations are often employed [2]. However, it is one of the problems
in MD simulations of polymer melts to obtain well-behaved G(t) without a large computational
effort. The reason for this is that the stress autocorrelation function of polymer melts decays over
a long range in time and includes large fluctuations. Within a minimal computational effort, we
present a practical method to predict G(t) with the help of relaxation rate spectra obtained by
relaxation mode analysis (RMA) [3].
　The RMA [3] can approximately extract the relaxation modeXp,α, which satisfies ⟨Xp,α(t)Xq,β(0)⟩
≈ δα,βδp,q exp(−λpt), for the arbitrary polymer chain. Here λp represents the pth approximate re-
laxation rate and α = x, y, z. In the RMA, the time-displaced correlation matrices Ci,j(t) of the po-
sitions of segments relative to the center of mass are first calculated from a simulation. Then the ap-
proximate relaxation rate is obtained from a generalized eigenvalue problem

∑N
j=1Ci,j(t0+τ)fp,j =

e−λpτ
∑N

j=1Ci,j(t0)fp,j with
∑N

i,j=1 fp,iCi,j(t0)fq,j = δp,q , where N is the number of segments in a
chain and t0 and τ are parameters. Using the obtained relaxation rate spectra of the polymer
chain, the stress relaxation function is expressed as G(t) =

∑N
p=1 gp exp(−λpt) [1]. Here only the

weight gp is the unknown parameter when the RMA is emplyoed. In such cases it is easy to
estimate G(t) by fitting the directly calculated data to the last equation, as presented in Fig. 1.
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Figure 1: Stress relaxation function in the
terminal regime. Symbols and lines rep-
resent the fitting and directly calculated
(bare) results, respectively. The bare re-
sults are calculated using the multiple-tau
method [2].

Once the weights and relaxation rate spectra are deter-
mined, the calculation of the viscoelastic quantities re-
lated to the stress relaxation function, for example dy-
namic moduli, is straightforward.
　 Figure 1 shows the result for the linear polymer melt
(Kremer-Grest model [4]) with N = 150. Clearly, the
fitting result of a short simulation run (≈ 10τ1) is al-
most consistent with that of long one (≈ 120τ1). Thus it
is possible to estimate the linear viscoelasticity of poly-
mer melts within a small computational effort. It should
be noted that our method is applicable to more complex
polymeric systems such as branched polymer melts.
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