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Solid State Physics: Crystals vs. Glasses

Crystalline vs. glassy water
“Glass” (window):Crystalline SiO2
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Amorphous Silicon: Topological Disorder
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Vibrational Eigenmodes in Classical Mechanics
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Density of States in a-Si
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Participation Ratio of Eigenmodes in a-Si

NOTE: At the lowest frequencies some of the modes are resonant 
(quasilocalized) and their P can be surprisingly small.

The participation ratio 
essentially counts how many 
atoms in a given sample are 
vibrating for a given vibrational
mode:

�Extended modes have P=N 
(=number of atoms), so that 1/P 
is small (1/N). 

�Localized modes can have P of 
order 1, and their 1/P can be 
therefore quite large (up to 1).

The mobiliy edge in amorphous 
silicon is 72 meV (the vertical 
line), as seen in the top figure--
above the mobility edge P rapidly
decreases! 
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Participation Ratio for Locons in Pictures

�On the right is the same model but only the atoms that “participate” in the 
vibration of a given locon (frequency 77 meV) are shown. The normal mode is 
localized at the group of 6 atoms. Locons can be usually found at places of higher-
than-average coordination. 

77 meVω =ℏ
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Test Example: 4-atom Chain with Periodic B.C.

� Four Newton Second Law Equations cast in a matrix form:
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Test Example: Normal Modes of 
4-Atom Ordered Chain
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Test Example: Normal Modes of Ordered 4-
Atom Chain in Pictures

0 00 ( )u v t+ 1
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Code Verification for Disordered Chains: 
Use Results of Random Matrix Theory

Random Matrix Theory
describes spectral 
properties (eigenenergies
or eigenfrequncies) of:

�Quantum Chaos, 

�Wave Chaos, 

�Complex Many-Body 
Systems (QCD, nucleons).

Level Spacing Distribution (LSD) obeys Wigner-Dyson Statistics:
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Fermi-Pasta-Ulam Problem (1955 MANIAC): 
Nonlinear Springs → Chaos + Ergodicity?
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FPU Paradox Explained: Solitons, Strong 
Stochasticity Threshold, and Chaotic Breathers

5 / 2
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Zabusky-Kruskal-Toda
Lattice Soliton:
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How to Generate Ergodicity in 
Part III (FPU) of Project 3: Evading q-Breathers

2t τ<
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Nonlinear Springs: 
Solve ODE via Verlet Numerical Algorithm

� Verlet method → Symmetric (forward and backward) propagation:
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2 1-start ( ) ( ) (use e.g. Euler)u i u i v t⇒ = + ∆


