Technion - Israel Institute of Technology
The Interdisciplinary Program for Applied Mathematics

Analytical Methods for Differential Equations (196012)

Course information and syllabus for Spring 2024

1 Course format

The course will be given in “synchronous” format (not “flipped classroom”).
The course will be given in English.

2 Grading policy

A homework assignment will be given every week.

If all students agree, we will set a weekly “workshop hour” in which we will discuss the solutions
of the homework problems. Students who participate actively in the workshop (present his/her own
solution, comment on somebody else’s solution, etc.) will earn two “points” (for that particular
meeting). Students can earn up to 20 points, and these will serve as MAGEN grade (with grade
100). For example, a student who contributed to the class discussion in 6 workshops will earn 12%

MAGEN!.

If we are not able to set time for the weekly workshop meeting, the assignments will be submitted
and then returned with feedback.

There will be no grade for the submitted homework assignments, and there will be no posted “solu-
tions”.

There will be no midterm exam.
One of the questions in the final exam will resemble one of the homework questions.

Students may use the course formula pages (available on the course website) during the exam.

3 Dates

Homework submission dates will be set according to the weekly workshop hour, if we have one.
If we have no weekly workshop hour, then the homework assignments will be submitted on Tuesdays.

Final exam A: September 3, 2024

Final exam B?: September 26, 2023

4 Prerequisites

Calculus (Infi-1,2 or Hedva-1m,2m,2t) - mandatory (prerequisite).
ODE (madar-a, m, t or ch) - mandatory (prerequisite).
Complex analysis (Theory of Functions, or Complex Functions) - recommended (in parallel).

PDE (introduction to PDE, or PDE+Fourier, or PDE-m) - recommended (in parallel).

Len% MAGEN with grade 100” means that your final grade is computed following the formula
(Final grade)=(Exam grade)x(1-(0.01xn))+n
For example, if your exam grade is 89 and you earned 20 points of MAGEN, then your final grade is 91.
(By the Technion regulations, grades are always rounded to the closest integer).
2By the Technion regulations, students may take either or both exams. If you take both exams, then your final grade
is determined (following the above formula) by the exam B grade, and your exam A grade is lost.



5 At the end of the course the students will be able to

Obtain the solvability condition for an in-homogeneous linear ODE with boundary conditions.
Obtain and use the Green’s function for ODEs and PDEs.

Obtain solutions to PDEs using generalized Fourier series, using special functions, and being ac-
quainted with their properties.

Obtain solutions for ODEs and PDEs using integral transforms, using special functions.

6 Bibliography

The material for the exams is the topics covered in the lectures. Students can use the following books:
Ince - Ordinary Differential Equations

Carrier & Pearson - Ordinary Differential Equations

Stakgold - Green’s Function and Boundary Value Problems

Lebedev - Special Functions and their applications

Pinchover & Rubinstein - Introduction to Partial Differential Equations

Pinkus & Zafrany - Fourier Series and Integral Transforms

Henner, Belozerova & Forinash - Mathematical Methods in Physics: Partial Differential
Equations, Fourier Series, and Special Functions
https://technion.primo.exlibrisgroup.com/permalink /972TEC_INST /qljq50/alma9926386763403971

7 Point for Thought

Math is like sports.

Students who want to learn mathematics just by listening to lectures and recitations are like those
who wish to excel in soccer (or tennis, or swimming) by watching others play. In order to succeed
in a sport one must actively participate, practice enough, and sweat from the exertion. In order to
succeed in mathematics one must independently solve problems and “rack one’s brains”. In math as
in sports: those who wish to acquire understanding, pleasure, and self-confidence must master the
rules and actively take part.

8 Syllabus

Sturm’s theory. Proof of existence of the eigenvalues of the Sturm-Liouville problem, and the proper-
ties of these eigenvalues. The properties of the eigenfunctions of the regular Sturm-Liouville problem.
The adjoint operator and the self-adjoint operator. Fredholm’s Alternative theorem. The solvability
conditions. The Bessel Functions. The Legendre Polynomials. Several other special functions: the
Gama functions, Beta function, Error function, the Elliptic integrals and Elliptic functions, other
special functions if the students are interested. Green’s function. The Hilbert-Schmidt theorem.
Convergence theorems for series expansions in eigenfunctions. The Rayleigh-Ritz theorem. Fourier
transform. Laplace transform. Application of all the above to solving PDEs (in two or three spatial
coordinates, as well as with time dependence).
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