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Energy
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Isolated eigenvalues
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O(e): = |dentity

O(e9): = [Effective equation

Cone or no cone”?

Generalized EVP

Oe?):  —A¢pig —V-(GVidy) = 0 in Y, = do(x) = wody(T)
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Generalized EVP Z Apqwoq — T Z Dpqwoq = 0, p=10Q
q q

Effective models T = -0l
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Caution

Trivial Apg: Wog20 & =0, system of 2nd-order PDE’s for woq
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Mixed degeneracy

Partial rank Apg (Q-1):
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EM waves:

Zero-index metamaterials ...

Phase velocity c— oo

Applications to cloaking and shielding

Ziolkowski (2004) Phys. Rev. E, 70

Nguyen, Chen & Halterman (2010), Phys. Rev. Lett., 105
Chan, Hang & Huang (2012), Adv. Optoelectronics
Ashraf & Faryad (2015) J. Nanophotonics, 9

Nguyen, Chen &
Halterman (2010)

Cloaking
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Clusters of nearby eigenvalues

Repeated eigenvalue
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Cluster

Nearby eigenvalues
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Governing equation
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Leading-order solution
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Role of the curvature

2




Dirac is (almost) everywhere
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Band sorting & level repulsion

Macroscopic view
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Remarks

Direction-dependent asymptotic behavior
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Uniform asymptotics?

Lemma 5.11. A sufficient condition for the occurrence of a Dirac point [15], i.e. conical contact between
dispersion surfaces, at (k?, w#) is given by

k
rank(Ayg) = Q Vm efk e R lkll=1}, Q>1.

As a result, ‘simple’ (Q = 2) Dirac points of the scalar wave equation are not possible.

Proof. When Q =2, the eigenvalues of Ay, are 3-6 (102) . lAc, which vanish for k / ||1Ac|| L 0§0). |



