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ABSTRACT 

The present thesis is an attempt to study the plasmonic properties of the realistic 

structures at sub-wavelength scales. After the clear understanding of the plasmonic 

resonance and field the concept has been applied to understand its effect using 

modelling and simulation techniques to a few situations for example to increase the 

efficiency of the solar cell by resonant forward scattering in near infrared domain and 

optical force calculation for potato like structures. The work includes analytical as 

well as numerical modeling to understand and apply electromagnetic field due to 

nanoscale structures of any size and shape and for different geometries. Most of the 

work deals with the absorption and scattering properties of small structures whose 

sizes are comparable to the wavelength of incident electromagnetic wave and thereby 

show some fantastic resonant properties. Trouble with such systems is that they are 

too complex to be solved analytically so one has to depend on one of the surface or 

volume discretization based numerical techniques. The scattering and absorption 

efficiency has firstly calculated for an ellipsoidal system in which a small-scale 

spheroid on a substrate with a spacer has been considered. The optical properties of 

this system have been found to be highly dependent on spacer distance, aspect ratio, 

size of ellipsoid and material. This tunability has been employed to improve the 

efficiency of a thin film solar cell. A thin film silicon is a poor absorber of photon in 

near infrared domain. The localized surface plasmon resonance in the present case has 

been utilized to scatter photons of red wavelength domain at larger angles. They travel 

larger distance along the film and get absorbed increasing the overall efficiency of the 
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cell. The strong resonant plasmonic field near the sub wavelength structure also 

facilitates increased absorption. This case has been discussed in electrostatic regime in 

which a particle is much smaller than the wavelength of incident radiation. Even 

though the present model gives a lot of physical insight, the quasistatic regime is also 

the limitation of the present model. To overcome this electrostatic regime that is only 

applied to small particles a numerical technique Discrete Dipole Approximation DDA 

has been employed. After that, the optical properties have been discussed for particles 

having the size comparable to the wavelength of incident wave in a dilute regime. It 

has been established that the particle of optimized size could be very helpful in certain 

purposes for example it can be utilized for efficiency enhancement in thin film solar 

cells. The case of oblate and prolate nanospheroids has been simulated to see the 

electromagnetic properties at nanoscale. The target is discretized to cubes in this 

volume discretization based simulation model. In next part of the work, the surface 

integral equation (SIE) which is a surface discretization based technique has been 

employed to solve for electromagnetics of a realistically shaped structure in particular 

the structure of a potato. First time a formulation has been developed to calculate 

optical forces utilizing surface currents. The nanoscale plasmonic properties in the 

form of optical force have been simulated using SIE. In next section of the work, 

interaction between the nanoparticles has been considered. When one spreads 

nanoparticles on a substrate the particles on illumination may affect the absorption 

and scattering properties of the nearby scatterers. To study the effect of interaction, a 

model has been simulated in which the particles are located at different distances to 

each other. It has been found that there is a broadband scattering due to interaction 
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