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Problem formulation
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Equations
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Resonance on single granule

Resonance conditions:
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Permittivity

Drude‐Lorentz
 

formula:
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Qualitative estimations.
 Resonance condition. 

For close spheres (or cylinders) gap width         at 
 distances           .

Propagating wave in narrow gap:               .

Resonance condition:                          .   
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Qualitative estimations.
 Field enhancement.
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Qualitative estimations.
 Field enhancement.
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Analytic solutions



Bispherical  coordinates
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Two granules



Analytic solution.
 Two close spheres.
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Bicylindrical  coordinates
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Two granules



Analytic solution.
 Two close cylinders.
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Geometric enhancement
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Radiation losses
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Dipole radiation :
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Conclusions

• Resonance 
 

in 
 

narrow 
 

gap 
 

occurs 
 

at 
 

large 
 negative 

 
values 

 
of 

 
permittivity, 

 
thus 

 
shifting 

 the resonance frequency to visible light range.
• Resonance 

 
permittivity 

 
(frequency) 

 
is 

 determined 
 

by 
 

the 
 

gap 
 

geometry 
 

(width 
 

and 
 length). 

 
Field 

 
enhancement 

 
is 

 
determined 

 
by 

 the 
 

system 
 

geometry 
 

(spheres, 
 

cylinders, 
 etc.).

• Field enhancement in resonance is larger than 
 possible 

 
geometric 

 
enhancement 

 
for 

 
the 

 system. 



Further research

• More complicated geometries, e.g. rod‐like 
 graines.

• Chains of granules, periodic structures.
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