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Text:                         
Not a specific textbook is required.
                                      
Students should be able to follow this course with any standard Optics textbook available from the PSU Library (plus the lecture notes.) Most of the lecture notes will be available online (this webpage.) 
                                      
But if you decided to purchase a textbook for your own I would suggest: "Optics" by Eugene Hecht; 4th Edition, Addison Wesley.
Additional references:  
Throughout the preparation of the lecture notes, I will be using a few additional textbook/paper references. Whenever possible, I will make those additional references available at the Library-Reserved Room. (You should be able to borrows them for a couple of hours and make the corresponding copies.) 
 See the references at the end of each chapter.
  
Grading:                Homework           20%    
                                       Project                  20%    (Presentation + Write up) Due May 12th
                                       Midterm exam     30%     May 5th, 2009
                                       Final exam           30%     
      
About the Project   Work out a scientific paper (to be assigned during the second week of classes), plus building an optical device 
Prepare a 15-minute presentation in front of the class. 
Electronic submission of both a) power point presentation and b) write up report are required   Project format  
List of projects:     See suggested list online     
Evaluation:               A 100-96,     A-   95-91,      B+  90-86,     B   85-81,       B- 80-76,      C+  75-71,     C  70-66,     C-  65-61. 

________________________________________________________________________

LIGHT: CONCEPT and APPLICATIONS
LECTURE-1   LIGHT: CONCEPT AND APPLICATIONS
     1.1   Evolution of our understanding of the physical nature of light           
               1.1A  
What is Light, a wave or a particle? 
                          
Particle nature of light (Newton). Light as a wave (Huygens, Maxwell).
               1.1B  
Classical theory of light: Radiation in a cavity         
                        
1.1.B-1  
Emission of radiation by an accelerated charge        
                        
1.1.B-2  
Light Scattering                                                                 
                        
1.1.B-3  
Radiation Damping
                        
1.1.B-4  
Radiation in Thermal Equilibrium in a cavity
Classical calculation of an atom's average energy                     
The ultraviolet catastrophe : The crumbling of the wave theory
                        
1.1.B-5 
Wave theory keeps crumbling (the photoelectric affect)
               1.1C  Planck's Theory of Energy  Quantization
  
1.2   Light-matter Interaction: 
               1.2A  
Einstein's Law of Radiation
                         
Einstein's coefficients, absorption, spontaneous and stimulate emission of light 
1.2B   Sustained Stimulated Emission: LASER
   Optical pumping
    Laser resonator
    Absorption coefficient and Population Inversion     
Suggested reading: 
- Feynman Lectures, Vol I, Section 32-3 "Radiation Damping,"  Section 41-2 "Thermal Equilibrium of radiation," Section 41-3 "Equipartition  and the quantum oscillator."
- Eisberg & Resnick, Section 1-3 "Classical Theory of cavity radiation," Section 1-4 Planck's theory of cavity radiation."
- "Eugene Hecht, "Optics," 4th Edition, Addison Wesley. Chapter-1


GEOMETRICAL OPTICS
Lecture-2  CRITERIA for EVALUATING OPTICAL IMAGING SYSTEMS
2.1   Optical Imaging Systems
Wavefronts, the ideal optical imaging system, limitations of real systems.
2.2   Formalismsm to Evaluate Optical Systems: Fermat's Principle
Hero's shortest path principle, the principle of least time (Fermat)
Optical path length
Least Time Principle is not universal.
Modern formulation of the Fermat's principle: The variationbal Principle
Principle of Reversibility                         
Suggested reading: 
- Hecht: Section 5.2,  Section 5.2.1,  Section 4.5                       
Lecture - 3  REFRACTION  AT ASPHERICAL SURFACES
Lecture-4    REFRACTION at SPHERICAL SURFACES
4.1 Imaging with Spherical Lenses
4.2  Thin lenses
4.2.1  Imaging through thin lenses
4.2.2  Thin-lens Combination
4.2.3  Relative Aperture and f-number (f/#)
4.2.4  Depth of Field
 Relationship between tolerance of the image quality and  depth of field              
Dependence of depth of field and f/#
4.2.5  The Camera    
          
Lecture-5  DESIGN of OPTICAL INSTRUMENTS    

5.1   Harnessing illumination-control in optical systems
5.1.1   ILLUMINATORS     
5.1.2   STOPS
5.2   The Conventional Optical Microscope     
5.2.1   Part-I
5.2.2   Part-2      
5.2.3   Diffraction-limited resolution
 5.2.4   Pushing the resolution limits of conventional optical microscopy:
4PI Microscopy    "Conventional and confocal microscopy fail in distinguishing objects that are more closely stacked   than 500-800  nm because the focal spot of the lens is at least three- to fourfold longer than it is wide. …  An explanation is that the focusing angle of a lens is not a full solid angle of 4pi. ... a way to decrease  the axial spot size is to enlarge the focusing angle of the system with two opposite lenses. "  
From Stefan Hell. "Towards Fluorescence Nanoscopy"  Nature Biotechnology  21, 1347 (2003).    
5.3   The Koheler Illumination
August Koehler introduced his method in 1893. His objective was to obtain, within the optical microscope,  a uniform illumination on the analyzed sample, despite the eventual use of non-homogeneous sources (like the electrical lamps). As described in more detail in these notes, the Koehler illumination setup presents two  main characteristics:
• Creates an evenly illuminated field of view
• The working NA of the condenser and the size of the illuminated field can be regulated independently 
References:
Chris Hammond, "Symmetrical Ray Diagrams of the Optical Pathways in Light Microscopes"                  
 The article considers infinity corrected optics
WAVE OPTICS
Lecture 6   DESCRIPTION OF WAVES                                      
The WAVE EQUATION, FOURIER EXPANSION,  COHERENCE LENGTH 
Lecture 7     ADDITION OF WAVES (PHASORS), LIGHT-MATTER INTERACTION                       
Description of Waves in Complex Variable”
Lecture-8  OVERCOMING the DIFFRACTION LIMITED RESOLUTION of  CONVENTIONAL OPTICAL MICROSCOPY
8.1   FLUORESCENCE  NANOSCOPY                     
The resolution in optical microscopy has been hampered by the smallest spot possible (~/2) that can be achieved  by conventional methods. A key aspect to overcome the resolution of conventional microscopy is to reduce the   number of fluorescently labeled molecules that are excited simultaneously. Two methods have been very successful: 
a)   Reducing the radius of the diffraction limited spot (exploiting non linear effects),  “ the effective size of the exciting beam is reduced by stimulated  emission depletion (STED), in  which   a doughnut-shaped quenching beam is wrapped around the excitation spot (see figure 2 below). The result is akin to  sharpening  a  pencil  to draw  finer  lines.  By scanning the “sharpened” spot over the    sample, an image is built pixel  by pixel, with a resolution currently down to 20 nm.”  [Ref 1] 
 b) Turning on a random subset of widely separated fluorophores, identifying their location with nanometer precision,  and then turning them of; this cycle is repeated until a desired  resolution has been achieved.
 In this second approach, “microscopy techniques (termed PALM and STORM) take advantage of molecules  that  can be  turned on and off with different light sources.     
 [Ref 1]  F. Pinaud and M. Dahan, “Zooming Into Live Cells,” Science 320, 187 (2008).  
8.2  TRACKING INDIVIDUAL PARTICLES  with NANOMETER PRECISION
The image-size of an object is limited by diffraction. However, the center of the object can be determined arbitrarily precisely, given a sufficient number of photons (N) in the spot. Two important source of noise affect  this method:  a) the shot noise of the photons in the image spot, and b) the background noise created by   out-of-focus fluorescence, charge coupled device (CCD) readout noise, dark current, and other factors.
Reference:  R. E. Thompson, D. R. Larson, and W. W. Webb,   "Precise Nanometer Localization Analysis for individual Fluorescent Probes ," Biophysical Journal 82, 2775 (2002).

Nanometer accuracy has been  demonstrated for two to five single molecules within a diffraction-limited area by NALMS microscopy.
Reference:   Xiaohui Qu, David Wu, Laurens Mets, and Norbert F. Scherer,  "Nanometer-localized multiple single-molecule fluorescence microscopy," PNAS 101, 11298
  (2004).

Estimation of imaging requirements for 80-nm and 20-nm localization precision is provided in:  Reference: Samuel T. Hess, Thanu P.K. Girirajan,  Michael D. Mason, "Ultra-High Resolution Imaging by Fluorescence Photoactivation Localization Microscopy," Biophysical  Journal  91, 4258 (2006).  
