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Course name: MATH 524 Partial Differential Equations II
	
Department: Mathematics
	Semester

	
	
	
			2

	
	                               
                                        Methods of Education
	
Credit (ECTS)

	
	Lecture
	Recitation/
(Etud)
	Lab
	Project/Field Study
	Homework
	Other
	Total
	8

	
	42
	0
	0
	48
	60
	 90
	240
	

	Language
	English

	Compulsory/Elective
	Departmental Elective

	Prerequisites
	Functional Analysis.  Good understanding of ODE and PDE undergraduate courses. 

	Course Description
	The course focuses on a class of concepts and techniques of functional analysis (e.g Sobolev spaces) for the solution of linear and some nonlinear PDEs. The following concepts will also be emphasized:  weak derivatives,  second order elliptic and parabolic equations and their weak solutions, regularity of solutions., energy estimates,  maximum principles,  second order hyperbolic equations.



	Course Contents




		Weeks
	Subjects

	       1
	Introduction
· Banach and Hilbert spaces.
· Compact operators and applications. 

	2
	· Sobolev spaces and weak derivatives.
· Sobolev and Poincar´e’s inequalities; compactness.

	3
	· Related Fourier transform methods. 
· The space  ; gradient flows.

	4
	2nd-order elliptic PDE. 
· The concept of weak solutions.
·  Existence: Lax-Milgram theorem;

	5
	· Fredholm alternative; energy estimates. Regularity. 
· Eigenvalues and eigenfunctions. 


	6
	· Applications: Steady-state heat flow; evaporation-condensation in materials science; fluid mechanics

	7
	Linear evolution equations. 
2nd-order parabolic PDE: 
· Existence of weak solutions, regularity, maximum principles. 
· Applications: diffusion,  telegraph and beam equations. 

	8
	Linear evolution equations. 
2nd-order parabolic PDE: 
· Existence of weak solutions, regularity, maximum principles. 
· Applications: diffusion,  telegraph and beam equations. 

	9
	2nd-order hyperbolic PDE: Existence of weak solutions, regularity, speed of propagation. Applications: wave equations, scattering and diffraction of waves.

	10
	2nd-order hyperbolic PDE: Existence of weak solutions, regularity, speed of propagation. Applications: wave equations, scattering and diffraction of waves.

	11
	Introduction to semigroup theory. Elementary properties; contractions. Applications to parabolic and hyperbolic PDE.

	12
	Introduction to semigroup theory. Elementary properties; contractions. Applications to parabolic and hyperbolic PDE.

	13
	Theory of nonlinear dispersive PDE.
The nonlinear Schrödinger equation (nonlinear optics, Bose-Einstein condensation); blowup of solutions. The KdV equation (water waves).
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	Theory of nonlinear dispersive PDE.
The nonlinear Schrödinger equation (nonlinear optics, Bose-Einstein condensation); blowup of solutions. The KdV equation (water waves).




	Course Objectives

	This course introduces function spaces like Hӧlder and Sobolev spaces for designing appropriate solution spaces for a given PDE problem (initial or boundary value). It also prepares student to continue learning more about PDE and their applications to mathematics, sciences, engineering.

	Learning Outcomes and 
Competences
	Students who successfully complete the course will be able to:
       
· describe the interaction of functional analysis and partial differential equations
· understand the concept of  weak solutions
· apply the theoretical aspects in solving PDEs 

	Textbook and /or References

	Textbook:  
· Lawrence C. Evans. Partial Differential Equations: Second Edition. American Mathematical Society, Graduate Studies in Mathematics, Vol. 19, Providence RI, 2010.
References:
· Fritz John. Partial Differential Equations.
· David Gilbarg and Neil S. Trudinger. Elliptic Partial Differential Equations of Second Order.
· Ivan Georgievich Petrovsky. Lectures on Partial Differential Equations
· Walter Strauss. Partial Differential Equations: An Introduction
· Michael E. Taylor. Partial Differential Equations 

	Assessment Methods and Criteria




	In-Term Studies
	Quantity
	Percentage%

	
	Mid-terms
	1
	25

	
	Quizes
	0
	0

	
	Assignments
	4
	25

	
	Attendance
	0
	0

	
	Practice
	0
	0

	
	Project
	1
	20

	
	Final Examination
	1
	30

	
	Total
	7
	100

	ECTS Allocated Based on 

Student Workload
	Activities
	Quantity
	Duration
	Total Work Load

	
	Course Duration
	14
	3
	42

	
	Hours for off-the-c.r.study
	14
	5
	70

	
	Assignments
	4
	20
	80

	
	Mid-terms
	1
	10
	10

	
	Project
	1
	20
	20

	
	Final Examination
	1
	18
	18

	
	Total
	35
	72
	240

	Instructors
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