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Helmholtz resonator, Neuman
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Helmholtz resonator, Dirichlet
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Helmholtz resonator, Dirichlet

Neuman case: Green function
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is a deficiency element;                   

Dirichlet case: derivative of the Green function may be a 

deficiency element:
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Helmholtz resonator, Dirichlet

How to construct a model?

   2 2
in exL L   Pontryagin space

Extension theory model for indefinite metric spaces 

Shondin Yu.G., Tip A., Dijksma A., Popov I.Yu., et. al



All above for the Laplace operator…

Maxwell operator - ?



Maxwell operator

The starting point – self-adjoint operator

How to introduce self-adjoint Maxwell operator?



Maxwell operator

Birman M. Sh., Solomyak M. Z. Tip A.: 

  0 x E 0 xB 0 E 0 B

   , x x - smooth strictly positive, bounded functions of            ,

i  xp ,     - Levi-Chivita tensor.ε

 E  Band are tangential and normal components of the 

corresponding fields.
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GPI model
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Scale of Hilbert spaces
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Pontryagin space

Pre-Pontryagin space doesn’t contain the whole 0H

It should be completed into the Pontryagin space.

Let
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GPI model

The inner product:
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GPI model

The resolvent for self-adjoint extension of symmetric operator in 

Pointryagin space is given by Krein’s resolvent formula:

where
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GPI model

For free space we can represent the resolvent kernel in the form:

where
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EM field-electron interaction

Initial operator:    3 6 3
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Here

1H - Maxwell operator in free space;

2 ( )H V x  - Schrodinger operator of electron ;



Krein resolvent formula

Let        be deficiency element ofs : *s s s sH H i 

Krein resolvent formula for the extension             of       :H H

   
1 1

H zI H zI
 

    
1

1H iI I zH H iI
P Q P P P

H iI H zI H zI



   
 

   

Where  
, 1,2

, ,s sp p

s p

Q P 


   is the orthogonal projection from H

to the deficiency subspace iN



Maxwell component

Maxwell operator:  3 6

2 , ,L R dx C

Resolvent:
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Resolvent construction

Hamiltonian of electron: 

is the resolvent of 
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Resolvent
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Solution of scattering problem

Taking 1 20, ( ),f f x y  

one obtains the “Schrodinger” component of the resolvent kernel:
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Taking y  

one gets the “Schrodinger” component of the solution of scattering problem
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Dispersion equation

Dispersion equation
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Open problems

 Fitting problem (comparison with realistic 

problems);

 Spectral problem for complex optical systems;

 Applications to photonic crystals, 

metamaterials, etc.



Thanks for your time!


