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(Course Description) (glwal) ciway .2

Metric spaces, examples of metric spaces, completeness of metric spaces. Normed spaces,

Banach spaces, linear operators. Inner product spaces, orthogonal sets and sequences. Hilbert

adjoint operator.
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(Course Objectives) (sluall cilaaj .4

Functional analysis plays an increasing role inthe applied sciences as well as in mathematics itself.
Consequently, itbecomes more and more desirable to introduce the student to the fieldat an early
stage of study. This course is intended to familiarize thestudents with the basic concepts, principles
and methods of functionalanalysis and its applications.
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| Atthe end of the course, the student will acquire the basic knowledge of functional analysis |




as a central science, useful and creative. He should master the concepts of metric spaces,
normed spaces, Banach spaces, inner product spaces and Hilbert spaces. In particular,
students will be able to apply this knowledge to the solution of practical problems posed by
the pure and applied sciences.

(Course Content) sluall s5isa .6

Week Course Topic Notes
Chapter 1: Metric Spaces

Week 1 1.1 Metric space

Week 2 1.2 Further Examples of Metric Spaces

Week 3 1.3 Open Set, Closed Set, Neighborhood

Week 4 1.4 Convergence, Cauchy Sequence, Completeness

1.5 Examples. Completeness Proofs

Chapter 2: Normed spaces, Banach spaces

2.1 Vector space
Week 5 2.2 Normed space, Banach space

2.3 Further Properties of Normed Spaces

Week 6 2.4 Finite Dimensional Normed Spaces and
Subspaces

2.6 Linear Operators 82
2.7 Bounded and Continuous Linear Operators 91
2.8 Linear Functionals 103

Week 7 2.9 Linear Operators and Functionals on Finite Dimensional
Spaces 111
2.10 Normed Spaces of Operators. Dual Space
117

Week 8

Week 9

Week 10

Chapter 3: Inner Product Spaces, Hilbert Spaces

3.1 Inner Product Space. Hilbert Space 128
3.2 Further Properties of Inner Product Spaces 136
3.3 Orthogonal Complements and Direct Sums 142

Week 11 3.4 Orthonormal Sets and Sequences 151
Week 12 3.5 Series Related to Orthonormal Sequences and Sets 160
Week 13 3.6 Total Orthonormal Sets and Sequences 167
Week 14 3.7 Legendre, Hermite and Laguerre Polynomials 175

3.8 Representation of Functionals on Hilbert Spaces 188
Week 15 3.9 Hilbert-Adjoint Operator 195

3.10 Self-Adjoint, Unitary and Normal Operators 201




Week 16

Final exam
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(Teaching and learning Strategies and Evaluation Methods)
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present formal proofs to justify their
claims.
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oo RS «;w@fmd; topological concepts used in
= functional Analysis and will be able
to prove the most important
theorems.
Ao (a0 laly ellel |3 sl e LS [ Given definition of a metric space, |3
g4 ‘*‘\‘j“:“ a_:“f&““ my‘&fj students will be able to identify and
i i B difmfda prove other properties of this space,
= including such concepts as:
completeness, compactness.
o (o e hals sthel [5 sl e LI T Stydents will be able to prove all the | 4
" ﬁ 4:*“31‘42\““ ol j‘%&f‘ﬁ main theorems of the normed
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= spaces and Hilbert spaces.
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(Text Book) _iall il .9

Introductory Functional Analysis With Applications el
s

Erwin Kreyszig Cssilial)

John Wiley & Sons sl

2000 Al

Fourth Edition Jalal)
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"Principles of Mathematical Analysis" by W.Rudi -1

" Elementary Classical Analysis™ by J.E.Marsden )

"Real Analysis" by Royden 3




