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Abstract

A long standing postulate in crystal plasticity of metals, known as Schmid law,
states that yielding commences once the resolved shear stress on a slip plane
reaches a critical value. While non-Schmid effects have previously been reported
experimentally (mostly in alloys) and in molecular-dynamics simulations, we
examine the validity of this assumption through phonon stability analysis. We
subject four distinct single crystal metals to a combined shear-hydrostatic defor-
mation and identify the onset of plasticity with the onset of an instability. We
find significant shear-normal coupling in single crystal metals, reflecting non-
Schmid effects in defect nucleation. Also, it is a widespread assumption in the
literature [1, 2] that the instabilities in single crystal metals are of long wave-
length. In contrast, we show that short wavelength instabilities are abundant.
Our results illustrate the potential pitfalls of relying on the widely used elastic
stability analysis for investigating defect nucleation.
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When a perfect single crystal is subjected to a deformation such that the
energy at a lattice site exceeds the Pierels energy barrier, dislocations are nu-
cleated there and move towards the boundary[3]. Dislocation nucleation in a
perfect crystal can be identified with the onset of an instability under appro-
priate loading conditions, which breaks the local translation symmetry. Thus
studying lattice instabilities provide fundamental insights into the mechanics of
defect nucleation in single crystals, which is identified with the onset of plas-
ticity. This article investigates two important aspects of the nature of defect
nucleation in metallic crystals: I) Schmid Law; II) the type of instabilities.

Schmid law in crystal plasticity, which governs dislocation motion [4, 5, 6],
was proposed by Boas and Schmid in 1934. It states that glide on a given slip
system commences when its resolved shear stress reaches a critical value [7, 6].
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