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SPATIAL DISPERSION PROPERTIES

Flexoelectricity
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Polarization response to a strain gradient
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Clamped-Ion Flexoelectric tensor
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ṍElectric field and strain perturbations
formulated at q=0

Spatial dispersion of CI piezoelectric tensor
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Vector potential

Metric wave
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SPATIAL DISPERSION PROPERTIES

Long-wave DFPT formulation of CI FxEtensor

NEWOBJECTS

METRIC WAVE  - HOMOGENEOUS STRAIN

M. Royo and M. Stengel, PRX (accepted)
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SPATIAL DISPERSION PROPERTIES

Dynamical quadrupoles

Second moment of the charge response to an atomic displacement 

ONLY AT NON CENTROSYMMETRIC 
ATOMIC POSITIONS

Borneffectivecharge Quadrupole
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SPATIAL DISPERSION PROPERTIES

Long-wave DFPT formulation of dynamic quadrupoles

SCALAR POTENTIAL - ELECTRIC FIELD

New Objects

M. Royo and M. Stengel, PRX (accepted)
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SPATIAL DISPERSION PROPERTIES

Whyto careaboutdynamicquadrupoles?

Ғd-4

Ғd-3

Long-range interatomic forces
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LONG-WAVE DFPT: NUMERICAL RESULTS

Quadrupolestestcase: Tetragonal PbTiO3

Ecut=70 Ha and 8x8x8 MP lƽqpjout

Sfdbmm;!Nbsujoǃt!2:83!gpsnvmbClamped-ion Piezoelectric Tensor

All calculations are performed using the LDA and norm conserving PSPs
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LONG-WAVE DFPT: NUMERICAL RESULTS

Flexoelectrictensor: Cubic materials

Cubic symmetry

3 independent components

PLongitudinal Transverse Shear

Testcase 1: Isolated noble gas atoms 

( ) values obtained via 
numerical derivation in q

A. Schiaffino et al. PRB 99, 
085107 (2019)

Testcase 2: Real materials 

A.Schiaffino et al. 
PRB 99, 085107 (2019)

Stengel
PRB 90, 201112(R) (2014)


