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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
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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



Last Week: Plasmonic Applications
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1. Sensing with Plasmonic Particles

2. Visualization of color with CIE Plot

3. Plasmonic Enhancement of Raman Scattering

4. Electromagnetic Response of Non-spherical particles

Au



Plasmonic Sensing
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We worked with two particles, and found:

▪ Gold: 4.85 nm per 0.05 RI increase.

▪ Tungsten oxide: 23.63 nm per 0.05 RI increase. 

Recall the resonance condition 

Au

WO2.83

Disclaimer: The results in the notebook were obtained for a relatively larger particle size, where the small particle approximation is expected to 

fail. However, the above argument provides a very helpful insight (in fact the exact solution for the resonance peak is similar to the one above).



Field Enhancement 
W

e
e
k
 8

 -
 G

ra
tin

g
s

S
ta

v
ro

s
 A

th
a
n
a

si
o
u

5

Geometrical features impact field enhancement.

Sphere of R = 50 nm
Ellipsoid with a = 50 nm, 

b = c = 20 nm
Dipole Antenna with two ellipsoids 

of a = 50 nm, b = c = 20 nm



Light-Matter Interaction
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Plasmonic Nanoparticles can boost light-matter interaction.

Hot-spots



Light-Matter Interaction
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Plasmonic Nanoparticles can boost light-matter interaction.

A

A: Absorption/Stimulated Emission

(Purcell effect)

B

B: Spontaneous Emission
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This Week: Gratings / 1

▪ Visualizing the Diffraction Orders
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This Week: Gratings / 2

▪ Overlap of Diffraction Orders

▪ Propagating and Evanescent Modes
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