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Abstract

The existence of surface polaritons in an insulator at its boundary with an ideal metal or a superconductor in a constant electric or magnetic field is predicted. The modes of these surface polaritons appreciably differ in opposite directions of the field, so that a change in the direction of the field signifies “switching on” or “switching off” of surface polaritons. In the presence of a magnetic field polaritons of a given frequency propagate only in one direction with respect to the magnetic field, which is the effect of rectification. The existence of a radiant surface polariton modes is predicted.

1.
Introduction

It is well known that in massive insulator at its boundary with an ideal metal, surface polaritons do not exist [1]. We have shown that surface polaritons appear in the presence of a constant electric field directed along a normal to the contact plane [2] or in a magnetic field oriented in a contact plane [3]. Surface phonon polaritons appear due to a dynamic magnetoelectric (ME) interaction [4] and their penetration depth is inversely proportional to the value of the field. The modes of these polaritons belong to IR or optical regions of the spectrum and substantially depend on the directions of the fields and the propagation of the wave.

2.
The Energy of Optical Phonons

For definiteness, we assume the insulator to be uniaxial (
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 is the easy axis). The energy density 
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of optical phonons in external electric 
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 and magnetic 
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 fields can be written as
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Here 
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 is the electric polarization, 
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 is the momentum density, 
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 are constant fields, 
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 and 
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 are alternating electric and magnetic fields; 
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 is velocity of light; 
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, where 
[image: image15.wmf]m

 is the mass of a charge, 
[image: image16.wmf]0
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 is the elementary cell volume. Generally the electric polarization consists of ion and electron parts. In the IR region of the spectrum the contribution of ions to the polarization is predominant, then 
[image: image17.wmf]m

is the reduced mass of an ion-cation pair and 
[image: image18.wmf]P
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 is the elementary-cell moment. In the optical region of the spectrum the electron contribution to the polarization is much greater than the ionic one, then 
[image: image19.wmf]m

 is the electron mass and 
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 is the electron momentum. The last term in (1)

 corresponds to the dynamic ME energy [4]. This energy is a scalar so it is present in the energy of any crystal.



ME energy gives the contribution in an electric (
[image: image21.wmf]d

r

) and magnetic (
[image: image22.wmf]b
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) inductions,
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where ME susceptibility
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3. Surface Phonon Polaritons in Electric Field

We consider a semi-infinite insulator (
[image: image25.wmf]0
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) which is in contact with an ideal metal (
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) in a constant electric field 
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 directed along the 
[image: image28.wmf]Z

axis. Polaritons propagate along the 
[image: image29.wmf]X

axis. The solution of the Maxwell equations for an insulator with inductions 
(2)

 and  GOTOBUTTON ZEqnNum485640  \* MERGEFORMAT  in the absence of damping we take in the form
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where 
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 is the depth of penetration of the field. At the boundary with an ideal metal 
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 and without ME susceptibility surface polaritons do not exist because 
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. In the presence of a constant electric field 
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 directed along a normal to a contact plane the ME susceptibility 
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 appears and takes the contribution in electric induction 
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Surface polaritons appear with the penetration depth 
[image: image39.wmf]E
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 which is inversely proportional to the value of electric field 
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. For these polaritons only components of fields 
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 are not zero. In our case 
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, therefore all the results will be also hold true when an insulator is in a contact with a superconductor. The dispersion relation has the same form as for volume polaritons in the case of absence of electric field (Fig. 1)
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The figure 1 corresponds to electron excitations (the optical region, 
[image: image45.wmf]0
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, 
[image: image46.wmf]m

 is the electron mass). The modes of surface polaritons are different for opposite orientations of the electric field. In a field directed into the insulator, the lower branch is excited, while in a field with opposite orientation the upper branch is excited. The situation is reversed for ionic excitations (
[image: image47.wmf]0
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). Thus surface polaritons with a fixed frequency can be “switched on and off” by changing the direction of the static electric field.
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Figure 1

4. Surface Polaritons in Magnetic Field

In the presence of magnetic constant field 
[image: image49.wmf]0
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, directed in the contact plane along 
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axis the dynamic ME interaction induces the non-diagonal component of a dielectric tensor 
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The penetration depth of polaritons 
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 is inversely proportional to the value of magnetic 
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. The dispersion relation and the depth of penetration are following:
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where the expressions for 
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 we obtain from 
(7)

 by the replacement  GOTOBUTTON ZEqnNum782475  \* MERGEFORMAT  on 
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. Surface polariton modes in magnetic field are shown in Fig. 2.


In optical region (
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 the polariton modes are thick solid curves. The modes are not close to each other and the spectrum is strongly nonreciprocal: there are two modes for polaritons running to the left and one mode for polaritons running to the right. Surface polaritons with a given frequency propagate only in one direction with respect to magnetic field. This is the effect of the rectification. The substitution of 
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 in Fig. 2 corresponds to the inversion of the magnetic field 
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. In this case, the dashed curves are the modes of surface polaritons.
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Figure 2

5. Conclusions

Thus, in the presence of a constant electric or magnetic fields the surface polaritons exist in a semi-infinite insulator, which is in contact with an ideal metal or a superconductor. The depth of penetration of polariton field into the insulator is inversely proportional to the value of the field and it is less in optical region than the one for IR region. So, in the optical region of the spectrum 
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The frequency regions in which surface polaritons exist depend strongly on the direction of the field so a change of the sign of the field signifies the “switching off” or “switching on” of polaritons with a given frequency. In the presence of magnetic field the spectrum is a strong nonreciprocal: surface polaritons propagate only in one direction with respect to magnetic field (the effect of rectification).


The upper modes are radiant modes and may be excited by a direct interaction with electromagnetic wave.
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