Coupled harmonic oscillators
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Fermi-Pasta-Ulam model

H = Z Py + Z [g(%-u —u)?+ %(“Hl —u;)*

a=2~0

Linear system.

can be described by normal modes

Nno energy exchange between the modes

Nno equipartition of the energy among
the normal modes

a#*=0
Non-linear system

can approximately be described by nor-
mal modes (weak non-linearity)

energy exchange between the modes

equipartition of the energy among the
normal modes 7
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Anharmonic system — numerical result

Time average of the mode energy Ek(t)
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Molecular dynamics simulation

A numerical technique to compute
the equilibrium and transport properties
of classical many-particle systems
by solving Newton's equation of motion.

F?; = m;a,

i=1,...,N
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A typical program

Initialization

» temperature scaling

@ - pressure scaling

Equilibration

Integrating the equation of

Production <— motion

@ force evaluation

neighboring lists

minimum image convention
Analysis
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Coupled harmonic oscillators
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Coupled harmonic oscillators

0.010,

0.005

Energy

0.000/

— Total energy
— Potential energy
Kinetic energy

0 10

20

Time

30

40 50

Goran Wahnstrom, Department of Physics, Chalmers



Normal modes
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Coupled harmonic oscillators
and normal modes
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Discrete Fourier transformation

h(t) = cos(2r ft) with f=2

Power spectrum
N w B w
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Discrete Fourier transformation
h(t) = cos(2r ft) with f=2
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Coupled harmonic oscillators
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Coupled harmonic oscillators
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Coupled harmonic oscillators
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