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Metamaterial:

optical properties determined from
Its nano-structure
(rather than its composition)
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3D photonic crystal:

a “semiconductor for photons”
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Electronic and Photonic Crystals

In diamond structure
spheres, diamond lattice
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Optical waveguides

Total Infernal Reflection

High-dielectric

conven t| on al High-diielectric
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In both conventional and PhC waveguides...
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Topologically-nontrivial Electromagnetic States

Integer Quantum Hall Effect : unusual phenomena in a 2D system of
, Subjected to a perpendicular strong magnetic field

Chiral Edge States (CESS)

 Unidirectional transport
* Dissipationless transport in presence of impurities

Enabled by:

 nontrivial topology of band structure
» T-reversal symmetry breaking

Can one extend these ideas to E&M States in




How does this work?

Intro to Chern numbers

Chern number of n-th band:

Cc,: Integer = always changes abruptly

chn:O

T-symmetric systems = ¢,=0




Hatsugal's Relation
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Break T-symmetry

< one-way edge states
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Create one-way edge-states at the PhC boundary
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Truly reflectionless!

metal scatterer

CES waveguid
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Truly reflectionless!




Contrast with conventional waveguides

CES waveguide




Observation: CES
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Observation: backscattering-immunity

Scatterer of
variable length (I)

Waveguide
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Summary: one-way states
e Chiral Edge States:

e Unidirectional transport
e backscattering-immunity
e enabled by:
e nontrivial topology of band structure
e T-reversal symmetry breaking
e previously known in quantum Hall effect (electronic system)

e observed for the first time as electromagnetic (photonic) states
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WiITricity:

non-radiative
wireless power transfer




Motivation

Tesla towef:
cca. 1904




Wi-FI (wireless internet) concept:
radiation

WIRE
TRANSPORT




Resonant coupling as energy
transfer




Resonances in guantum mechanics —
nonradiative transfer

hz 2 V(r)
—— Vy=Ey
2m

Schrodinger equation

_ quantum tunneling

Maxwell equation

Hydrogen atom




Magnetic resonances

Outside: Ug « Ug
Most materials: p~p, g

— weak interaction with B-field!




Examples of “magnetic technology”

Magnetically levitating bed




Coupled mode theory
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resonant object (Source) resonant object (Device)

da.
dt

= —i(a) — il”)as + ixap da, = —i(a) — iF)aD + Ixag




“Strong Coupling”:

K/T"» 1

= efficient energy transfer




“Strong Coupling” = efficient transfer
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Experimental results




source device

rIBOcm
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same thing, different viewing angle




Experimental proof of
strongly-coupled regime
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source device

IIBOcm
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efficiency ~50% (O0e[0)




Efficiency vs. distance
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Comparison with inductive coupling
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Efficiency ~ nR/Q?

~ 1&/1,000,000
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Efficiency = ny
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Experiments with 1 source, 2 devices -
different sizes
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Idutial, miliary, and h

Portable personal electronics : :
Electric vehicles




Summary: wireless power transfer

e mid-range non-radiative

energy transfer scheme

based on stronagly-coupled

resonances

e as a powerful concept, it could

enable a wide range of applications
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