
PROCEEDINGS  OF  THE  YEREVAN  STATE  UNIVERSITY         
  

 

Physical  and  Mathematical  Sciences                                                   2012,  № 3,  p. 56–59    
 
 
 

 
 

P h y s i c s  
 

PECULIARITIES  OF  SURFACE  LOCALIZED  PLASMONS  IN  THE 
METAMATERIALS 

 
 

A. Yu. VARDANYAN* 
 

Chair of Ultra High Frequencies Radiophysics and Telecommunications YSU,  Armenia   
 

The possibility of localized surface plasmons formation in spherical structure 
based on metamaterials, with both the positive and negative dielectric constants, 
are considered. In contrast to ordinary localized surface plasmons, where the field 
decreases according to the power law with increasing distance from metallic 
nanoparticles, in case of strongly localized surface plasmons the field decreases 
according to the exponential law. Owing to that good preconditions are created for 
formation of structures with controllable parameters, where the wave energy is 
concentrated within nanometric ranges as is the case in atoms. 
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Introduction. The localized surface plasmons (LSP) are non-propagating 
excitations of conduction electrons in electromagnetic field coupled metallic 
nanostructures. These modes are seen to naturally occur due to the scattering of a 
small sub-wavelength conductive nanoparticle in an oscillating electromagnetic 
field. Due to the roughness of particle surface an effective restoring force is exerted 
on driven electrons giving rise to a resonance that amplifies the field both inside 
and in the near-field zone outside the particle. This resonance is called a localized 
surface plasmon or a localized surface plasmon resonance. Another consequence of 
surface roughness is that in contrast to the propagating surface plasmon polaritons 
the plasmon resonances may be excited under direct illumination. For gold and 
silver nanoparticles the resonance gets into the visible part of electromagnetic 
radiation spectrum, in consequence of which are bright colors exhibited by 
particles both in the transmitted and reflected light due to the resonantly enhanced 
absorption and scattering. This effect that was known during many centuries and 
used in many applications, e.g., for staining of glass in leaded panels and 
ornamental cups. Strong local fields generated by LSP at the interface between 
media could be tuned up spatially and spectrally by controlling the morphology and 
composition of metal nanostructure. In their turn, the extended local fields may be 
used for notable increase of molecular optical cross-section (as in the surface-
enhanced Raman scattering), determination of the response of LSP to changes in 
the index of interface refraction (as a basis of LSP biosensors) and propagation and 
channeling of information in novel nanophotonic devices. A good understanding of 
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processes with elementary plasmon resonances have been achieved due to the 
application of advanced analytical methods used for electrodynamical simulation. 
However, many of the most promising applications in this field are based on 
complicated coherent interactions between elementary plasmons or between 
plasmons and other kinds of excitations. Metallic metamaterials give an example of 
this case, in which the hybridization between plasmons can induce a magnetic 
response, as a result of which the refractive index may turn negative [1–8]. 

However, with a distance from the nanoparticle the fields of localized 
plasmons decrease relatively slow. In case of metal sphere we have for the electric 
field 3~ ,E r− where r  the is distance from the center of the sphere. It is possible to 
achieve high concentrations of the fields under conditions of exponential decrease 
of field as in the case when using metamaterials.  

In the past few years new developments in structured electromagnetic 
materials gave rise to negative refractive index materials, which have both negative 
dielectric permittivity and negative magnetic permeability in definite frequency 
ranges. The idea of a negative refractive index opens up new conceptual frontiers 
in photonics. One much-debated example is the concept of perfect lens that enables 
the imaging with sub-wavelength image resolution. The metamaterials constructed 
from artificial metallic nanostructures exhibit such unusual electromagnetic 
properties as the extraordinary transmission of light through subwavelength hole 
arrays [9, 10], negative refraction [11, 12], local field enhancement [13, 14] and 
sub-wavelength concentration of light beyond the near-field [15, 16]. 

Results and Discussions.  
A possibility of localized plasmons 
formation in a spherical structure based on 
metamaterials is considered. It is supposed 
that the sphere of R  radius with negative 
dielectric permittivity 1( 0)ε <  and positive 
magnetic permeability 1( 0)μ >  is in an 
environment having positive dielectric 
permittivity 1( 0)ε >  and negative magnetic 
permeability 1( 0)μ <  (Fig. 1). 

First, in case of 1, 0r R ε< <  and  
μ1 > 0 we  have  from  the  wave equations 
the following expressions for E  and H  
field components: 

 

1
12

1 1

sh2 ( )ch cos ,
| |

i t
r

k rA iE k r e
k rr

ωθ
ε

⎛ ⎞ −
= −⎜ ⎟

⎝ ⎠
                           (1) 

1 1 1
1 2

1 1 1

ch sh ( )sh ( sin ) ,
( ) | |

i tAk k r k r iE k r e
r k r k r

ω
θ θ

ε
⎛ ⎞ −

= − + −⎜ ⎟
⎝ ⎠

                 (2) 

                                1 1
1

1 1

sh ( )ch ( sin ) ,i tAk k r iH k r e
r k r

ω
ϕ θ

μ
⎛ ⎞ −

= − −⎜ ⎟
⎝ ⎠

                         (3) 

Fig. 1. The sphere with radius R and with 
dielectric  and  magnetic  constants   ε1 < 0  and 
μ1 > 0 in the material with  ε1 > 0 and  μ1 < 0. 
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                              0,rH E Hθ ϕ= = =                                            (4)  

where A is constant and 1 1 1| |k
c
ω ε μ= . 

Second, in the case for 2, 0r R ε> >  and 2 0μ <  we have the following 
expressions for E  and H  fields components: 
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where B is constant and 2 2 2| |k
c
ω ε μ= . A and B constants are determined from 

the boundary conditions.  On the surface of sphere for r R=  we have 
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Thus, we get following expression  
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Within the framework of the quasistatic approximation for 1 1k r  and 

2 1k r  the dispersion Eq. (10) is significantly simplifying 1 2
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In the Fig. 2 the characteristic 
distribution of the electric field of 
the LSP in the structure is shown 
schematically. 

Conclusion. Thus, in meta-
materials, where the dielectric 
constants can be both positive and 
negative, a basically novel type of 
LSP can be formed. In contrast to 
ordinary LSP, where a power-law 
decrease of the field occurs as the 
distance from metallic nanoparticle 
is increased, here we deal strongly 
localized plasmons, where the field 
deacreases exponentially as the 

distance from metallic nanoparticle increases. This feature creates good precondi-

Fig. 2. The electrical field distribution inside and 
outside of the sphere. 
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tions for formation of structures with controllable parameters, where the wave energy 
is concentrated in nanoscale ranges like the concentration of energy in atoms. 
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î»Õ³ÛÝ³óí³Í Ù³Ï»ñ¨áõÃ³ÛÇÝ åÉ³½ÙáÝÝ»ñÇ ³é³ÝÓÝ³Ñ³ïÏáõÃÛáõÝÝ»ñÁ 
Ù»ï³ÝÛ³Ã»ñáõÙ 

 
¸Çï³ñÏí»É ¿ Ù»ï³ÝÛáõÃ»ñÇ ÑÇÙ³Ý íñ³ ëï»ÕÍí³Í ·Ý¹³Ó¨ Ï³éáõó-

í³ÍùÝ»ñáõÙ ï»Õ³ÛÝ³óí³Í åÉ³½ÙáÝÝ»ñÇ ³é³ç³óÙ³Ý ÑÝ³ñ³íáñáõÃáõÝÁ, 
áñáÝóáõÙ ¹Ç¿É»ÏïñÇÏ Ñ³ëï³ïáõÝÝ»ñÁ Ï³ñáÕ »Ý ÁÝ¹áõÝ»É ÇÝãå»ë ¹ñ³Ï³Ý, 
³ÛÝå»ë ¿É μ³ó³ë³Ï³Ý ³ñÅ»ùÝ»ñ: Æ ï³ñμ»ñáõÃÛáõÝ Ù»ï³ÕáõÙ ï»Õ³ÛÝ³ó-
í³Í Ù³Ï»ñ¨áõÃÛ³ÛÇÝ åÉ³½ÙáÝÝ»ñÇ, áñï»Õ Ý³ÝáÙ³ëÝÇÏÇó Ñ»é³Ý³ÉáõÝ 
½áõ·ÁÝÃ³ó ¹³ßïÁ Ýí³½áõÙ ¿ ³ëïÇ×³Ý³ÛÇÝ ûñ»Ýùáí, áõÅ»Õ ï»Õ³ÛÝ³óí³Í 
Ù³Ï»ñ¨áõÃ³ÛÇÝ åÉ³½ÙáÝÝ»ñÇ ¹»åùáõÙ, Ù»ï³Õ³Ï³Ý Ý³ÝáÙ³ëÝÇÏÇó Ñ»é³-
Ý³ÉáõÝ ½áõ·ÁÝÃ³ó ¹³ßïÁ Ýí³½áõÙ ¿ ¿ùëåáÝ»ÝóÇ³É ûñ»Ýùáí£ ÆÝãÁ ³é³ç³ó-
ÝáõÙ ¿ É³í Ý³Ë³¹ñÛ³ÉÝ»ñ Ï³é³í³ñ»ÉÇ å³ñ³Ù»ïñ»ñáí Ï³éáõóí³ÍùÝ»ñÇ 
ëï»ÕÍÙ³Ý Ñ³Ù³ñ, áñáÝóáõÙ ³ÉÇù³ÛÇÝ ¿Ý»ñ·Ç³Ý ÇÝãå»ë ³ïáÙÝ»ñáõÙ 
Ï»ÝïñáÝ³óí³Í ¿  Ý³ÝáÙ»ïñ³Ï³Ý ã³÷»ñáõÙ£ 
 
 

Особенности локализованных поверхностных плазмонов в метаматериалах 
 

Рассмотрена возможность формирования локализованных плазмонов в 
сферических структурах, основанных на метаматериалах как с отрицательной, 
так и с положительной диэлектрической проницаемостью. В отличие от обыч-
ных локализованных поверхностных плазмонов, при наличии которых при 
отдалении от металлических наночастиц поле убывает по степенному закону, в 
случае сильно локализованных поверхностных плазмонов поле уменьшается 
экспоненциально. Это создает хорошие предпосылки для создания структур с 
управляемыми параметрами, в которых, как и в атомах, волновая энергия 
концентрируется в нанометрических пределах. 
 
 
 


