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Week 1

• Introduction

• Ray Optics

• Wave 
Optics

Week 2

• EM Optics

Week 3

• Material 
Response

• Optical 
Constants

Week 4

• Light 
Scattering

• Mie Theory

Week 5

• Localized 
Surface 
Plasmons

Week 6

• Propagating 
Surface 
Plasmons

Week 7

• Plasmonic

• Applications

Course Timeline
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Week 8

•Gratings

Week 9

•Stratified Media

•Transfer Matrix

Week 10

•Photonic 
Crystals

Week 11

•Metamaterials

Week 12

•Metasurfaces

Week 13

•Applications of 
Metamaterials

Week 14

•Lab Tour

•No Exercise 
Session
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Last Week: Metamaterials

1. Electromagnetic Properties and Refractive Index

2. Negative Refraction Makes a Perfect Lens
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A note

Last week, we tried something like

And there seemed to be a problem 

with the code. 

In fact, there is not!

Why? This choice does not 

satisfy the physical constraints 

we imposed. (see last week presentation)
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This Week: Metasurfaces

1. A Damped Oscillator in an External Field

2. Studying Phase Shifts with Simple Oscillators

3. Mechanical Analogue of Fano Resonance
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A Simple Metasurface / 1

Consider the following metasurface.

▪ Each unit cell contains a series of 

structures, called meta-atoms.

▪ Under the dipolar approximation, we can 

treat them as simple classical 

oscillators, with amplitude and phase

Unit cell which repeats itself. 
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A Simple Metasurface / 2

Following the generalized Snell law 

we can realize anomalous 

reflection/refraction. 

In our simple model of oscillators, each 

oscillator needs to oscillate at different 

phase and collectively generate a 

phase shift. Nanfang Yu et al. Science 334, 333 (2011)
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Fano Resonance / 1

We can model the interference of a dark mode to a bright mode through a 

coupled oscillator model.

Electromagnetic Problem.

Coupled Oscillator Model
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Fano Resonance / 2

We can model the interference of a dark mode to a bright mode through a 

coupled oscillator model.

Gallinet and Martin, Phys Rev B, 83, 235427 (2011)
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Fano Resonance / 2

We can model the interference of a dark mode to a bright mode through a 

coupled oscillator model.

Gallinet and Martin, Phys Rev B, 83, 235427 (2011)
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Fano Resonance / 2

We can model the interference of a dark mode to a bright mode through a 

coupled oscillator model.

Gallinet and Martin, Phys Rev B, 83, 235427 (2011)
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