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Abstract  
Man-made structures such as photonic crystals and metamaterials can have fairly complex band dispersions in the 
momentum space. In this talk, we will show that some geometric and topological properties in the momentum space of some 
carefully design periodic artificial structures can lead to interesting phenomena. In fact, many modern notions and novel 
phenomena that were usually thought to be quantum phenomena can be realized in such classical wave systems. I will use a 
few examples to illustrate the ideas. 
Geometric phases:  We will discuss the geometric phase of classical systems and its consequences, including using the 
geometric phase of bulk bands to determine the topological character of band gaps and hence the existence of interface 
states. 
Pseudospin in classical physics: Pseudospin plays a central role in determining many novel physical properties of graphene 
which have pseudospin of ½, such as Klein paradox, Zitterbewegung, and supercollimation of electron beams. Here we 
show that in certain photonic crystals exhibiting conical dispersions at k = 0, the eigenmodes near the “Dirac-like point” can 
be described by an effective spin-orbit Hamiltonian with a pseudospin of 1. We will examine the consequences, including 
the realization of zero refractive index. 
Topological concepts in classical waves: We will discuss how to realize photonic "topological insulators", Weyl points, 
synthetic gauge fields and one-way transport in  microwave and sound wave. 
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