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Manipulation of electromagnetic wavefront based on
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Abstract

In this work, a zero index magnetic metamaterial (ZIMM) is designed based on the two-dimensional array of ferrite
rods periodically arranged in the air. By calculating the photonic band structures within the framework of multiple
scattering theory and retrieving the effective electric permittivity ecsr and effective magnetic permeability pess, the
structure parameters can be optimized and then the effectively matched zero index with et = perr = 0 is achieved. Within
this matched ZIMM, electromagnetic (EM) wave can propagate without any phase delay, resulting in the manipulation
of phase pattern in space. By simulating the electric field patterns of a Gaussian beam incident on ZIMM slabs with
different thickness, zero phase delay inside the slab can be observed. By designing various outgoing interfaces a plane EM
wavefront can be transformed into a cylindrical one, or even into a more general wavefront. In addition, the focusing and
beam splitting effects are demonstrated as well. Besides, since the permeability of magnetic materials can be controlled
by an external magnetic field or a temperature, the EM features of ZIMM can be flexibly tuned, enabling a promising

prospect in designing EM devices and potential applications.

Keywords: zero index metamaterial, Mie scattering theory, multiple scattering theory, effective-medium

theory
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