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ABSTRACT 
A wide range of applications in photonics and phononics, including band-gapping, cloaking, seismic metamaterials, noise and vibration 
control, energy harvesting, etc, stand to benefit from engineering the dispersive properties of periodic media. In this presentation, I 
discuss the inverse design of metamaterials for controlling the propagation of waves, which give rise to material and topology 
optimization problems. Of particular interest are wave-steering and wave-shielding applications. For shielding applications, we treat 
the metasurface design problem as an inverse medium problem: we seek to discover a metasurface’s material composition to satisfy 
user-defined band gap(s) at prescribed frequency ranges. The band gap could be either directional or omni-directional. In the elastic 
wave case, it is of added interest that an omni-wave band gap be realized, i.e., a gap at the same frequencies for both shear and 
compressional waves. For steering applications, we use the engineered metasurface as a liner along the steering path. Mathematically, 
we cast the associated inverse problem as a dispersion-constrained optimization problem over the unit cell’s irreducible Brillouin 
zone. We define a Lagrangian comprising the band gap objective cast as the vanishing of the group velocity at the gap frequencies, 
and the periodic medium’s unit cell’s side-imposed Floquet-Bloch eigenvalue problem. Next, we appeal to the Hellman-Feynman 
theorem to express the group velocity in terms of the Floquet-Bloch eigenpair, and convert the constrained optimization problem into 
an unconstrained problem amenable to a standard adjoint method. I report numerical experiments that demonstrate feasibility for 
constructing omni-wave and omni-directional shields exhibiting sub-wavelength performance in 2D and 3D.  
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