
Ø Lasers Quantum Optics and Optical Studies of Biomolecules (E, Singh) 
Studies of light and light-matter interaction keep generating new ideas and inventions leading to new 
applications of light.  We are interested in both classical and quantum aspects of light and their manipulation 
in linear and nonlinear optical processes [1-6]. Experimental techniques used in these experiments are 
applicable to many fields of research in physics, biology, chemistry, and engineering and are ideally suited 
for involving undergraduate students. Indeed, undergraduate students have been on projects related to all 
topics mentioned here for almost 25 years in our lab leading to many discoveries, publications and 
presentations [4-7]. REU student may participate in following 
experiments 
1. Physics of structured light beams: These experiments involve 
different ways of generating structured light beams and then 
studying their interference, diffraction, and polarization properties. 
Two methods for generating structured light beams used in our lab 
involve (i) design, analysis and building of laser systems to 
produce structured laser beams and (ii) programming a spatial light 
modulator to change the spatial phase and amplitude profile (in a 
plane transverse to the direction of propagation) of an incident light 
beams. Using these methods, Hermite, Laguerre, Ince-Gauss and 
many other types of beams can be generated. Student will study 
their phase and focusing properties and new effects that arise in 
diffraction and polarization experiments [2-6]. The effects of 
symmetry of the beam and aperture on diffraction will also be 
explored.  Interest in these aspects is driven by the potential 
applications of these beams in nano-optics and near field 
microscopy, and biophysics [8,9].  
2. Studies of nanoparticles and biomolecules using dynamical 
light scattering: The principle underlying dynamic light scattering 
(DLS) is that light scattered from refractive index fluctuations, which in a solution of nanoparticles or 
macromolecules, arise from the difference in the solute and solvent polarizability [10-11]. Translational, 
rotational, and internal motion of molecules change their polarizability in time. This is reflected in the 
fluctuations of scattered light. By analyzing these fluctuations, it is possible to extract information about 
the scattering molecules. Thus intensity auto-correlation functions of scattered light and its dependence on 
scattering angle and polarization can be used to study molecular motion and determine their molecular 
weight, size, and shape [12].  Several projects that involve determination of the shape (aspect ratio) and/or 
size of nanoparticles suspended in solution or the chemical complexes formed in two-macromolecule 
reaction will be available to REU students. 

We are also developing a new version of the total internal reflection microscopy (TIRM) where the 
evanescent wave scattering region is incorporated within a laser cavity [7]. This new technique, which we 
call iTIRM (for intracavity-TIRM), much larger (typically 50-100 X) intra-cavity power density boosts the 
strength of the evanescent field for iTIRM by the same factor. This enhancement results in increased 
scattered from molecules that enter the evanescent wave region. The scattered light then can be analyzed 
using the techniques of dynamic light scattering.    

The students involved in these projects will learn techniques for low level light detection, dealing 
with noise and fluctuations, physics of laser beams and their manipulation, computer programming using 
Matlab and Mathematica, data analysis, Fourier transforms, image processing, properties of biomolecules 
and many experimental and theoretical techniques universally useful in a science and engineering research 
labs. 
 
 

 
Fig. 8 Experimental Intensity pattern: 
HG, LG, interference LG with  
plane wave, and LG with opposite  
charge. (see Ref. [51])  



[1] Y. Qu and S. Singh, “Measurements of photon statistics in second-harmonic generation,” 
Phys. Rev. A 51, 2530 (1995); Y. Qu, S. Singh, and C. D. Cantrell, “Measurements of higher 
order photon bunching of light beams,” Phys. Rev. Lett. 76, 1236 (1996); S. Singh, M. 
Mortazavi, K. J. Phillips, and M. R. Young, “Noise in He:Ne lasers near threshold,” in Laser 
Noise (Proc. SPIE 1376), edited by R. Roy (SPIE, Bellingham, WA, 1991), pp 143–152; R. 
Vyas and S. Singh, “Statistical properties of light from optical parametric oscillators,” Phys. 
Rev. A 80, 063836 (2009). 

[2] J. Conry, R. Vyas, and S. Singh, “Polarization of optical beams carrying orbital angular 
momentum,” J. Opt. Soc. Am. A 30, 821–824 (2013); J. Conry, R. Vyas, and S. Singh, “Cross-
polarization of linearly polarized Hermite–Gauss laser beams,” J. Opt. Soc. Am. A 29, 579 
(2012). 

[3] Sean Nomoto, A. Aadhi, Shashi Prahbakar, R.P. Singh, R. Vyas, and S. Singh, “Polarization 
properties of the Airy beam,” Opt. Lett. 40, 4516-4519 (2015).  

[4] A. Ambuj, Hsiao-harng Shiau, Michael Lucini*, Reeta Vyas, and Surendra Singh, “Effect of 
quadratic radial variation of phase on single slit diffraction of Laguerre-Gauss beams,” Journal 
of Modern Optics, 59, 1232 (2012). 

[5] John Vickers*, Matt Burch*, Reeta Vyas, and Surendra Singh, “Phase and interference 
properties of optical vortex beams,” J. Opt. Soc. Am. A 25, 823 (2008). 

[6] Hyrum Richardson*, S. Nomoto, R. Vyas, and S. Singh, “Linear and Nonlinear Properties of 
Pancharatnam’s Phase,” Frontiers in Optics 2016/Laser Science, OSA Annual Conference, 
Symposium on Undergraduate Research, Rochester, NY, October, 2016; “Detecting 
Pancharatnam phase using Laguerre-Gauss vortex beams,” Charlotte Welch*, S. Nomoto, R. 
Vyas, and S. Singh, Frontiers in Optics 2015/Laser Science OSA Annual Conference, 
Symposium on Undergraduate Research, San Jose, CA, October 2015. 

[7] D. Wilson* and S. Singh, “A New Method for Total Internal Reflection Microscopy (TIRM),” in 
Frontiers in Optics 2012/Laser Science, OSA Technical Digest (online) (Optical Society of 
America, 2012) http://www.opticsinfobase.org/abstract.cfm?URI=FiO-2012-FTu3A.36 

[8] S1: S. N. Khonina, S. V. Alferov, and S. V. Karpeev, “Strengthening the longitudinal 
component of the sharply focused electric field by means of higher-order laser beams,” Opt. 
Lett. 38, 3223-3226 (2013); Sick B,  Hecht B, Wild UP, Novotny L., “Probing confined fields 
with single molecules and vice versa,” J. Microsc. 202 365-73 (2001). 

[9] S2: R. Dorn, S. Quabis, and G. Leuchs, “Sharper Focus for a Radially Polarized Light Beam,” 
Phys. Rev. Lett. 91, 233901 (2003). 

[10] B. J. Berne and R. Pecora, Dynamic Light Scattering with Applications to Chemistry, 
Biology, and Physics (Wiley-Interscience, New York, 1976). 

[11] N. C. Santos and M. A. R. B. Castanho, “Teaching light scattering spectroscopy: the 
dimension and shape of tobacco mosaic virus,” Biophys. J. 71, 1641 (1996).  

[12] Maria A. Ivanova, Alexander V. Arutyunyan, Aleksey V. Lomakin, and Valentine A. Noskin, 
“Study of DNA internal dynamics by quasi-Elastic light scattering,” Appl. Opt. 36, 7657 (1997). 

 


