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II. METHODS AND RESULTS 

To find the spherically symmetric wave solutions we use the Birkhoff  theorem and present a nonstatic 

spherical wave solution in certain coordinate system ( )R      in the Schwarzschild metric form 

2 2 1 2 2 2
2 2

(1 ) (1 )
m m

d s d d R R d

R R




           (1) 

To find this solution in spherical coordinates of Minkowski  space  ( )t r       we use  the coordinate 

transformation ( ) ( )t t R r r R      and the transformation coefficients will be found from the condition (1). 

The corresponding equations , connecting the variables   (t, r) and  ( )R   will have the form 
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We search the partial solution of this equations in the form ( ) ( )t T u R r m u t f r           where  u is 

retarded argument, which is finite at any values of  R. In result the metric components of the spherical wave 
have the form 
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the function f is defined from the equations (2-3). We show also that this solution have the positive-definite 

density of energy and momentum [5]. 

III. CONCLUSIONS 

In relativistic theory of gravitation the nonstatic spherically-symmetrical solutions and in particular such wave 
solutions have a physical sense as far as the temporal coordinate of the Minkowski space-time has it. 
Although the receiving wave solution has enough formal character, it illustrates the possibility of existence of 
spherical gravitational waves. The realistic model must include also interior solution and matching it with the 
finding exterior one. 

REFERENCES 

[1] A.A. Logunov, M.A. Mestvirishvili, “Relativistic Theory of Gravitation”, M. Mir, 329 p., 1989 (in Russian). 

[2] A. Logunov, “The Theory of Gravity”, Nova Scifnce Publ., N.Y., 342 p., 1998. 

[3] V. Fock, “The Theory of Space, Time and Gravitation”, 2nd edition. Pergamon Press, Macmillan Comp., 
448 p.,1964. 

[4] R.P. Feunman, F.B. Morinigo and W.G. Wagner, “Feunman Lectures on Gravitation”, Addison-Wesley 
Publishing Company, 280 p., 1995. 

[5] A. Leonovich and Yu. Vyblyi “Spherical gravitational waves in the weak gravitational field”, In Proc. of the 
IX International Conference Bolyai-Gauss-Lobachevsky, Minsk, p.130-135, 2016. 

 

MODELING OF OPTICAL PROPERTIES OF HYBRID METAL-ORGANIC NANOSTRUCTURES 

A. Ponyavina, K. Barbarchyk, A. Zamkovets, S. Tikhomirov 
B. I. Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Belarus 

kananovich.ek@gmail.com 

I. INTRODUCTION 

The development of modern nanotechnologies for the production of effective elements of nanophotonics, 
nanoplasmonics and nanoelectronics is largely aimed at the creation of hybrid nanostructures which include 
both plasmonic and organic components [1,2]. One of the types of such hybrid nanostructures are 
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ultradisperse media consisting of plasmonic metal-containing nanoparticles embedded in a matrix of organic 
semiconductors. With dense packing of nanoparticles in such nanocomposites, interparticle electrodynamic 
interactions associated with near-field scattering and coherent re-irradiation by particles of each other have 
the most important influence on their optical properties. By changing the material, size, shape or internal 
structure of plasmonic nanoparticles included in a hybrid metal-semiconductor nanocomposite, it is possible 
to adjust the degree of overlap of the spectral absorption bands of the nanocomposite components, which, in 
turn, affects the severity of near-field interparticle interactions. One of the ways to control the near-field 
scattering efficiency and absorption spectra characteristics of plasmon nanoparticles is to apply shells on 
their surfaces. This circumstance determines the importance of developing methods for modeling the optical 
properties of hybrid metal-organic nanostructures containing two-layer nanoparticles. 

II. METHOD AND RESULTS 

To model the spectral characteristics of such nanostructures, the extended Mie theory was used, which 

makes it possible to calculate the extinction efficiency factor (
e x t

Q ) and the scattering efficiency factor in the 

near zone (
N F

Q ) of two-layer spherical particles placed in an absorbing matrix [3,4]: 
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Here 0 ‒ is the wavelength of the incident radiation, m= mr - imi – complex refractive index of the matrix, an, 

bn – Mie coefficients, a – particle radius, 
0

/4 
i

am . Riccati-Bessel functions and their derivatives (
n

 , 

n
 , 

n
  , 

n
  ), as the spherical Hankel function of the first kind of order hn depend on the diffraction 

parameter 2a/0. In the case of two-layer spherical particles, the Mie coefficients are functions of the 
complex refractive indices of the nucleus and shell, the diffraction parameters of the particle as a whole and 
its nucleus. 

The Qext value determines the attenuation of the intensity of the incident light beam caused by absorption in 
the particle and scattering on it. The QNF factor characterizes an increase in the intensity of the field along 
the surface of a sphere of radius R when nanoparticles are introduced into the center of this sphere. 

Figures 1, 2 show the spectral dependences of Qext and QNF factors for two-layer plasmon nanospheres 
consisting of a metallic core (Ag, Cu) coated with a dielectric shell, placed in the organic semiconductor 
matrix of copper phthalocyanine (CuPc). The near-field scattering efficiency factor was calculated for R = R2, 
where R2 is an external radius of a two-layer nanosphere. As one can see, dielectric shell allows shifting the 
surface plasmon resonance band of plasmonic nanoparticles absorption both to short- and long-wavelength 
spectral range depending on the relation between shell and matrix refractive indexes. However, for cases 
under consideration, the appearance of dielectric shells on the plasmonic core leads to strong decrease of 
the Qext and QNF values. 

a  b  
Figure 1. Spectral dependence of the extinction efficiency factor (a) and the near-field scattering efficiency 
factor (b) for silver nanoparticle (curve 1) and two-layer nanospheres with silver core and dielectric shell 

(curves 2-4) placed in the CuPc matrix. The radius of the silver core R1 = 10 nm, the outer radius of the two-
layer sphere R2 = 15 nm. Refractive index of dielectric shell n =1.35, 1.5, 2.0 (curves 2, 3, 4 correspondingly) 
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Figure 2. Spectral dependence of the extinction efficiency factor (a) and the near-field scattering efficiency 
factor (b) for two-layer Cu@SiO2 nanospheres placed in the CuPc matrix. The radius of the copper core R1 = 

25 nm, the outer radius of the two-layer sphere R2 = 30 nm (curve 1), 40 nm (curve 2), 50 nm (curve 3) 

III. CONCLUSIONS 

Results of numerical simulations show that attenuation spectra of hybrid metal-organic nanostructures, as 
well as the near field effects at the spectral range of absorption bands of organic component, can be 
regulated by changing plasmonic nanoparticle material, their size or shell refractive index and thickness. 
Besides, the degree of near-field interactions with dense packaging can be regulated by the choice of the 
matrix in which the nanoparticles are placed. 
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I. INTRODUCTION 

The main disadvantage of using Fabry-Perot and Smith microcavities in thermo-optical converters is their 
sensitivity to environmental conditions (changes in its temperature) [1-3]. As a result, due to the energy 
absorbed by the resonator, its temperature increases and, consequently, its optical base changes, which 
leads to a shift in the spectral characteristics and deterioration of performance criteria [4-6]. 

II. MATERIALS AND METHODS 

In this work, a mathematical model was created with the help of which the conditions were obtained under 
which the dependence of the light flux of the readout radiation reflected by Fabry-Perot and Smith 
microcavities minimally depends on the initial temperature of the resonator. 

 


