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Modes & phonons
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Modes & phonons: how does heat flow?
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Traditional picture of  heat transfer.
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Traditional theory can’t describe these.
Arrows are eigenvectors centered on atoms.
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Mode-space equations of  motion
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Strongly interacting modes
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Strongly interacting modes

Interface mode

Optical mode

Eigenvector overlap
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Weakly interacting modes

Interface mode

Extended mode

No eigenvector overlap
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Studying real-time vibrational energy transfer
Silicon Germanium
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Studying real-time vibrational energy transfer
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Heat flux in mode coordinates
Hardy’s heat flux in Cartesian coordinates
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Breaking crystal symmetry with defects

Ge defect

Hot Cold

Localized modes
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How does heat flow in alloys?
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Diagonal is still 
significant.
Phonon gas model is 
somewhat valid!

Everything else is 
localized or diffuse



ModeCode extracts modes for any system

pair style

Structure
LAMMPS data files

• Finite difference
• Autodiff
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Get the modes

Mode interactions

Mode heat flow

https://github.com/rohskopf/modecode
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The “phonon potential”
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Accurate heat transfer simulations

Gallium nitride 1
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Backup Slides
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Mode coordinates
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