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The Evaluation of the Accuracy of the Phonon Dispersion Curve
from First Principles Calculations

One Dimensional Atomic Chain Model
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Abstract: Calculation of the phonon dispersion curve is one important challenge in the study of the lattice vibration

dynamics of solid state materials. Due to the influence of the boundary conditions some errors will be produced at

the boundary of the Brillouin Zone when the phonon frequency is calculated. In the study the analytic solution of the

phonon dispersion relation of one dimensional atomic chain is obtained under the harmonic approximation. Using this

analytic solution as a reference the accuracy of the phonon dispersion curve obtained from first principles calcula—

tions is evaluated and specific attention is paid to the phonon frequencies at the Brillouin Zone boundary. Finally

the accuracy of the dispersion relation and the thermodynamically quantities are evaluated. These results confirm

that the lattice dynamics calculation with density functional theory is reliable.
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