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Radiation Pattern of a Au particle

Born, Optik

Excitation by natural light (unpolarized)
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Far- and Near-Field of a Point Dipole
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Nanostructures as
electric dipole emitters
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1 Theoretical aspects

1.3 Light scattering and emission by particles

1.3.1 Localized Plasmons – Mie scattering
1.3.1 Far- and near-field of a radiating (point-) dipole
1.3.2 Fluorescence of molecules
1.3.3 Fluorescence Quenching and Enhancement
1.3.4 Stimulated Emission 



22.11.2022

2

Nanooptics 8/5

N+

R2

N

R1
O O

R2

Cyanine dye

Absorption and Emission of Light by Molecules
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Absorption and Emission of Light by Molecules
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Absorption- and Emission Rates
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Fluorescence
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1 Theoretical aspects

1.3 Light scattering and emission by particles

1.3.1 Localized Plasmons – Mie scattering
1.3.1 Far- and near-field of a radiating (point-) dipole
1.3.2 Fluorescence of molecules
1.3.3 Fluorescence Quenching and Enhancement
1.3.4 Stimulated Emission 
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Reflection at an ideally conducting metal
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Assumption: Only 𝐸 interacts with metal (electrons). Then the fields are given by
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Reflection at an ideally conducting metal

Due to the ideal conduction, 𝐸 = 𝐸 + 𝐸 must vanish at the surface (𝑧 = 0). 

The current density 𝚥 in the slab is created by the incident electric field 𝐸௫. Then the
inductance prevents the current to increase infinitely. The current 𝑗௫ produces a 
magnetic field 𝐻௬

 which in turn creates the reflecting electric field. Thus 

𝚥 = curl 𝐻 𝑗௫ = −
𝜕𝐻௬



𝜕𝑧
   =    𝑖 𝑘 𝐻 𝑒ିఠ௧

Thus we get

𝐸௫ = 𝐸௫
 + 𝐸௫

  =   𝑖 ⋅ 2𝐸 sin(𝑘𝑧) 𝑒ିఠ௧

𝐵௬ = 𝐵௬
 + 𝐵௬

  =       2𝐵 cos(𝑘𝑧) 𝑒ିఠ௧
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Reflexion at a Metallic Surface
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Molecule in Front of a Metal Surface:
Fluorescence Quenching

 Damping through ohmic losses (current in metal)

 Damping through the excitation of SPPs

 Weaker or even forbidden dipole emission (depending on distance)

→ change of spontaneous emission rate!

Molecular dipole

Mirror charges

𝑑


