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Abstract 

In this thesis, the research work done is presented in six chapters. The thesis contains 

study of coherence and polarization properties of optical fields and their applications in 

singular optics and scattering. The main objectives of the presented work are as follows: 

 

1. To explore the diffraction induced spectral changes in the far field of a nano 

gold double slit and to study how the surface plasmons, generated at the gold 

air interface, are affecting these spectral changes. 

2. To study modulations in the magnitude of the degree of polarization of a 

Gaussian Schell model beam upon propagation in free space and to verify 

experimentally the conditions under which the degree of polarization remains 

invariant. 

3. To study cylindrical vector beams, having radial and azimuthal polarization 

distributions across their cross-sections, for singularities and to observe the 

presence of polarization singularities in the azimuth and ellipticity. The Stokes 

parameters will be experimentally observed and analyzed. The polarization 

distribution and polarization singularities in these inhomogeneously polarized 

beams are calculated by the Stokes parameters.  

4. Denaturation of milk is big problem now a days leading to many health 

problems as well as financial loss. Our aim in this thesis is to detect denaturation 

of milk as early as possible by coherent backscattering (CBS) of light. 

 

Organization of the thesis 

The first chapter of this thesis contains the fundamental concepts of coherence, 

polarization and scattering and describes the research work done in the past. The 

coherence properties of light are discussed in terms of correlation functions. The 

polarization properties of light are explained in terms of Stokes parameters. The concept 

of polarization ellipse and Poincare sphere is introduced in detail. The Unified theory 

of coherence and polarization which led us to quantify and correlate parameters like the 

degree of coherence, degree of polarization and their propagation properties, is 

elucidated. Singularities in scalar and vector fields are explained with special emphasis 
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on inhomogeneously polarized vector beams due to its potential application in modern 

technology. The process of scattering of the optical fields in random media is explained 

and the phenomenon of coherent backscattering is described. 

In chapter 2, we have presented the influence of the surface plasmon waves, 

generated at the Au-Air interface of a nano Au double slit, on the spectral switching in 

the diffracted spectrum in the far zone of the double slit. We have shown that the surface 

plasmons enhance the intensity distribution significantly which could be an advantage 

for enhancing the signal to noise ratio in free space optical communication. It is also 

observed that the variation in normalized intensity, due to the coupling of surface 

plasmons across the double slit, depends on the slit separation. By putting the 

modulators of micron thickness, one can observe spectral switching at considerably 

lower voltages. Since at nano-scales the signal to noise ratio becomes poor, this ratio 

can be increased with the help of surface plasmons.  

In chapter 3, we have experimentally studied the polarization properties of a 

Gaussian Schell model beam upon propagation in free space. We have experimentally 

verified the theoretical prediction that in general the degree of polarization of a 

Gaussian Schell model beam doesn’t change upon propagation in free space if the 

spectral correlation lengths and the beam width parameters are equal to each other. The 

reverse case is also studied that if the above parameters are not equal then the degree of 

polarization will vary with the propagation of the beam. The study will have 

applications in the area of free space optical communication (FSO) technology in which 

various polarization shift keying (PolSK) modulation schemes are used. 

In the next chapter, cylindrical vector beams with azimuthal and radial 

polarization distributions generated from a liquid crystal based polarization converter 

are studied for singularities. It is shown experimentally that these beams have screw 

dislocation as well as edge dislocation at the same time. Interference of the RP and AP 

beams with a circularly polarized beam, results in formations of fork type fringes at the 

centre of the interference pattern showing the presence of phase singularity of unit 

charge at the centre. The presence of edge dislocation in the RP and AP beam are 

revealed by using a linearly polarized beam as the reference beam in the interference 

setup.  It is very interesting to note that depending upon the way the decomposition of 

a polarization state into its orthogonal components, the wavefront with different 

characteristics can be seen.  Further, the polarization properties of these beams are 
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experimentally studied by measuring the Stokes parameters across the cross-section of 

both RP and AP beams.  

In chapter 5, we have studied denaturation of milk with coherent back scattering 

of light. We have presented results from CBS measurements of milk samples containing 

different amount of fat, commercially called ‘Full cream milk’ and ‘Toned milk’ 

respectively. We have shown that the shape of the CBS cone disappears as soon as the 

milk starts denaturing, which is nearly 2.5 hours earlier than visual detection.  Naked 

eye detection is normally based on visible changes in milk in terms of coagulation at 

room temperature. Further, the CBS cone line profile of milk is found sensitive to 

dilution with water. Milk samples of different ages were subjected to Raman 

spectroscopy. Raman spectroscopy is uniquely ultrasensitive to molecular changes and 

is found sensitive to modification in the atomic arrangements with increasing collection 

time.  Raman studies confirm modification of C-H bonds and strained C=C upon 

denaturation. In this work, we have demonstrated a faster method to monitor the quality 

of the milk, opening up the possibility to check before consumption. 

Chapter 6 contains all the summarized work done in the present thesis and its 

future aspects. We have explained that phenomenon of spectral switching can be used 

in free space optical communications and how the signal to noise ration can be made 

better by use of gold double slit. We have calculated the modulations in the Stokes 

parameters and degree of polarization of a Gaussian Schell model beam on propagation 

in free space. This study has considerable importance in free space optical 

communications utilizing polarization shift keying modulation schemes. Further, we 

have experimentally and theoretically analyzed the singularities in cylindrical vector 

beams. The potential application of coherent backscattering for early detection of 

denaturation of milk is also explained. In future, the inhomogeneously polarized beams 

particularly, the radially and azimuthally polarized beams will be studied for their 

application in tight focusing and optical micromanipulations of particles. The potential 

applications in the field of quantum communications and information will be explored 

for vortex beams carrying OAM. The phenomenon of coherent backscattering will be 

further explored to study size inhomogeneity and composition of particles of the 

scattering medium. 
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