Erasmus Mundus Joint Master Degree Photonics for Security Reliability and Safety 	           
Physical and Fourier optics
5 ECTS						UJM semester 1
Part 1: Physical optics
ECTS: 3
Course instructor: Prof. Nathalie Destouches 
Language of instruction: English
Overview
This course introduces the methods of Fourier analysis in optics applied to continuous processing systems. It deals with applications to interferences, diffraction, imaging and optical data processing. Discrete processing is considered in the next course entitled Physical Optics – Digital processing. 
Learning outcomes
On successful completion of this course, students should have the skills and knowledge to:
· Understand the fundamentals, principles, applications, limits, relationships, of all concepts and topics covered by this course;
· Applicate, analyze, synthesize and evaluate skills of the main concepts and topics covered by this course;
· Apply/implement concepts and principles introduced in the lectures on practical tasks and on industrial study cases;
· Able to self-learn, to understand some problems and to suggest/find solutions to solve these problems.
Content
Chapter 1 reviews the necessary mathematical background in two spatial dimensions, as is necessary for most problems in optics.
Chapter 2 Two waves and multiple waves interferences.
Chapter 3 treats the foundations of scalar diffraction theory including the angular spectrum approach and the Fresnel and Fraunhofer approximations.
Chapter 4 considers the analysis of coherent optical systems, which consist of lenses and free-space propagation. The approach is that of wave optics, rather than the more common geometrical optics method of analysis. A thin lens is modeled as a quadratic phase transformation; certain Fourier transforming properties of lenses are derived.
Chapter 5 considers the application of frequency analysis techniques to coherent imaging and filtering systems. Appropriate transfer functions are defined and their properties discussed for systems with and without aberrations.
In Chapter 6 deals with spatially incoherent imaging, spatial filtering and point spread function.
Teaching methods
· Lectures: 15 hours to introduce the concepts
· Guided exercises: 15 hours in order to implement concepts introduced in the lectures, to practice on real applications and to train students
· Lab: 4 hours to apply the concepts on an optical experiment
Study materials	
· Tutorial, lectures and notes provided by the course instructor.
· GOODMAN, Joseph W. Introduction to Fourier optics. Roberts and Company Publishers, (2005 or other edition).
· Bahaa E. A. Saleh, Malvin Carl Teich. Fundamentals of Photonics. Wiley Series in Pure and Applied Optics. John Wiley & Sons, 1st edition (August 15, 1991)
· Born and Wolf. Principle of Optics. (Pergamon Press 6th edition)
· Hecht. Optics (4th ed.), 
Assumed Knowledge
· Basics calculus, linear algebra
· Fundamentals of optical waves and physical optics
· Geometrical optics
Evaluation criteria
· 2 written exams (+1 second chance exam) 67%
· Written assignment / Labs 33%

Part 2: Digital Holography : numerical simulation and reconstruction
ECTS: 2
Course instructor: Ass. Prof. Corinne Fournier 
Language of instruction: English
Content
Chapter I presents the basics of digital signal processing to simulate physical optics. 
Chapter II introduces digital holographic imaging, which is known to capture 3D information of a scene. In-line and off-axis digital holography are detailed. For these two imaging techniques, the physical principles of hologram capture and numerical mathematical simulations of holograms are studied. Then reconstructions of the holograms are presented.

In practical sessions, in the computer room, students will simulate and reconstruct hologram images. Emphasis will be placed on the limits of physical optics numerical simulations and reconstructions related to sampling and finite support of images.

Teaching methods
· Lectures: 7 hours
· Guided exercises: 7 hours in order to go deeper into the lectures concepts, to practice and train on pratical examples.
· Lab: 16 hours to learn how to compute numerical simulations and to reconstruct holograms
[bookmark: _GoBack]Learning outcomes
· Understand the principles and limits of numerical simulations of Fourier Optics in the field of imaging.
· Implement algorithms that simulate free space propagation. 
· Implement algorithms that simulate the image formation of a coherent/incoherent imaging system.
· 
Study material 
· Tutorial, lectures and notes provided by the course instructor.
· GOODMAN, Joseph W. Introduction to Fourier optics. Roberts and Company Publishers, (2005 or other edition).
· GONZALES, Rafael C. et WOODS, Richard E. Digital image processing. (2002 or other edition, chapter 4).

Assumed knowledge 
· Basics calculus, linear algebra
· Part 1: Physical optics
· Basics of signal processing
· Scientific computing with Python
· Digital Image Processing and Analysis (UE3)
Evaluation criteria
· Practical exam on laboratory work (50%)
· written assignment (50%)


