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Current density is a fundamental quantum mechanical observable and is used in first-principles calculations of 
physical properties including magnetic and dielectric susceptibility, NMR chemical shifts, and EPR g tensors. In 
addition, the current density resulting from an atomic-displacement perturbation gives clamped-ion 
electromechanical couplings such as piezoelectricity and flexoelectricity (polarization induced by a strain 
gradient). We have recently developed a density-functional perturbation theory implementation to efficiently 
calculate flexoelectric coefficients from the current-density response to the adiabatic displacement of atoms from 
a long wavelength acoustic phonon [1]. In this context, determining the current is complicated because of the 
nonuniform (i.e., finite wavevector q) nature of the perturbation, and the presence of nonlocal pseudopotential 
operators. In this talk I will outline our methodology, including recent developments [2] combining it with the 
recently-developed “metric wave” approach [3].  
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