MATH920: LO7

Overview

e Dissipative systems



Viscoelastic elements in series
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Figure 1. Maxwell elements in series

e Linear array of Maxwell elements

0 = 7‘6(% — &) — (& — 1)
mz; = (&1 — ) — k(s - &)
0 = Kk(wip1— &iv1) — c(§r1 — T4)

e Laplace transform

0 = ]{T(XZ — Ez) — SC(EZ — Xi_1> — cxi_l(O)
s*mX; —mx;(0) = sc(Zi1—X;) — k(X; —Z;) + cx;(0)



0 = k(XfH—l — E'H—l) — SC(EH_l — Xz) — CZUz(())



Viscoelastic continuum limit

e Eliminate internal coordinates =;, =,
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e Replace internal coordinates in momentum balance for x;

5 - sck o 2sck . sck
smX; = k+scXZ+1 k+scXZ+k+scXZ_1+
mk+ (sm+k)c kc
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e Compare to harmonic oscillator

e Verify against non-dissipative result in ¢— oo limit, z;_1(0) — z;(0)

S2sz' = kXi—l — Qsz -+ sz’—i—l -+ me(O)



e Fourier transform in space

Un(t, k) =—kU(t, k)= Uy +k*U=0=U(t, k)= Acos(kt) + Bsin(kt)
e Array of nonlinear oscillators

ZCZ = Tjy1— 233@ + X1+ Oé[(xz'—l—l - xi)Q - (33@ _ xi—l)Q]
ZCZ = Tij41— 233@ + Li—1 + 5[(33734—1 - :Ei)?) - (377, _ xi—l)g]



Continuum limit of FUP problems

e Quadratic nonlinearity
. 9 2 _
Ti=wi1— 20+ 1 1t al(ri— )" — (T — Ti1) %] = g = Uga + Vg Uy

e Fourier transform in space

Un(t, k) = —K2 U (¢, k) — vk / Uk —1)di

Un(t, k)= —k>U wk3z U(1
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