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Overview

� Dissipative systems



Viscoelastic elements in series

Figure 1. Maxwell elements in series

� Linear array of Maxwell elements

0 = k(xi− �i)− c(�_i−x_ i−1)
mx�i = c(�_i+1−x_ i)− k(xi− �i)

0 = k(xi+1− �i+1)− c(�_i+1−x_ i)

� Laplace transform

0 = k(Xi−�i)− sc(�i−Xi−1)− cxi−1(0)
s2mXi−mxi(0) = sc(�i+1−Xi)− k(Xi−�i)+ cxi(0)



0 = k(Xi+1−�i+1)− sc(�i+1−Xi)− cxi(0)



Viscoelastic continuum limit

� Eliminate internal coordinates �i;�i+1
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� Replace internal coordinates in momentum balance for xi
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sck
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sck
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� Compare to harmonic oscillator

s 2mXi = k(Xi+1− 2Xi+Xi−1)+mxi(0)

� Verify against non-dissipative result in c!1 limit, xi−1(0)!xi(0)

s2mXi= kXi−1− 2kXi+ kXi+1+mxi(0)



� Fourier transform in space

Utt(t; k)=−k2U(t; k))Utt+ k2U =0)U(t; k)=A cos(kt)+B sin(kt)

� Array of nonlinear oscillators

x�i = xi+1− 2xi+xi−1+�[(xi+1−xi)2− (xi−xi−1)2]
x�i = xi+1− 2xi+xi−1+ �[(xi+1−xi)3− (xi−xi−1)3]



Continuum limit of FUP problems

� Quadratic nonlinearity

x�i=xi+1−2xi+xi−1+�[(xi+1−xi)2− (xi−xi−1)2]!utt=uxx+�uxuxx

� Fourier transform in space

Utt(t; k)=−k2U(t; k)− i�k3
Z
U(l)U(k− l) dl

Utt(t; k)=−k2U(t; k)− i�k3
X
l

U(l)U(k− l)
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