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A. Course Identification

-]

. Credit hours: 4 hrs

[

. Course type

a. Univerdty D College D Depattment J Oihers D
Reguired J Elective |_|

. Level'year at which this courseis offered: 7/3rd year

fal ] o

. Pre-requisites for this course (if anv): Classical Mechanics (3)

Lh

. Co-requisites for this course (if ar):

6. Mode of Instruction (mark all that apply)

No Mode of Instruction Contact Hours Percentage
1 Traditional classroom 40 1008%
2 Blended
3 | E-learning
4 | Distance learning
5 Other

7. Contact Hours (based on academic semester)

No Activity {Contact Hours
1 Lecture 40
04 Laboratory/Studio -
3 Tutorial -
4 Others (specify) Exam s/ Cuizzes -
Total 40

B. Course Objectives and Learning Outcomes

1. Course Description

Thiz course 13 intended to introduce concepts in quantum mechanics such that the behavior of
the physical universe can be understood from a fundamental point of view. It prowvides a
toundati on for further study of quantum mechanics.

Content will include: The wavefunction and Schrodinger equation, operators, etgenfunctions,
compatible ohservables, infinite well in one and three dimensions, degeneracy; Fourier
methods and momentum space; Hermiticity; scalar products of wave funchions, completeness
relations, matrix mechanics; harmeonic oscillator in one and three dimensions.

2. Course Main Objective

The main objective of this course 15 to provide the students with basic theoretical concepts and
Formalism of quantum mechanics for solving relevant physical problems This includes the
wave mechanics devel oped by Schrédinger and others and some aspects of the matrix
formalizm first developed by Heizenberg,
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3. Course Learning Outcomes

Aligned
CLOs PLOs
1 | KEnowledge and Understanding
1.1 | Describe quantum mechanical systemns by wave functions. E1D, E2T)
1.2
1.3 | Eecall the time-dependent and time-independent Schrédinger equation E1D, E2T)
Por simple potential s like for instance the Infinite Square Well and
harmonic oscillator.
1.4 | Ezplain the concept of uncertainty in quantum physics. Eal
1.5 | Eecognize the concept of eigenvalues, eigenfunctions, energy levels, ElD, E2d)
kound and scattening states.
1.6 | Eecognize the spin and angular momentum states as well as the angular E1
momentum addition rules.

2 | Skills:

2.1 | Solve the Schrédinger equation for potential in one dimension, S1(T, S2(T

2.2 | Apply operators to it to obtain infonmation about a particle's physical 21T
properties such as position, momentum , and energy.

2.3 = 1()

24 | describe the role of degeneracy in the occurrence of electron shell =1(D, 52(T)
structure in atotms,

2.5 | Combine spin and angular momenta. =1

2.6 sl

3 | Values:

3.1 | Participate effectivel v in mult disciplinaty andfor interdi sciplinary teams. M2
2
o
2.4
C. Course Content
s . Contact
No List of Topics Hours
Wave Functions in (Juantum Mechanies: Schrédinger equation,
Statistical mterpretati on of the wavefunction, Normalization, Square-

1 |integrable wavefunction, expectation value, Momentum s Position space, &
Heizenberg uncertainty principle, the postulates of quantum mechanics
One-Dimensional Problems: Stationary States, Bound States & Scattering

2 | States, The Infinite Square Well, The Harmonic Oscillator, The Free Particle, 12
The Delta Function Potential, The Finte Square Well.

Formalism of Quantum Mechanics: The Hilbhert Space, Dimension and
Basiz of Vector Space, Square-Integrahle Functions, Dirac notation,

32 | Operators, Ohservahles, Eigenvalues and Eigenvectors, Discrete &= 10
Continuous Spectra, Matnx Representation of Kets, Bras, and Operators,
momentum space wave function, Generalized Uncertanty Principle.

4 Three-Dim ensional Problems: 3D Problems in Cartesian Coordinates, 10
3D Problems in Spherical Coordinates,

T otal 40
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D. Teaching and Assessment
1. Alignment of Course Learning Outcomes with Teaching Strategies and

A ssessment Methods
; : : Assessment
Code Course Learning Outcomes Teaching Strategies Methods
1.0 Enowledge and Understanding
11 Describe quantum mechanical system by
' awave function.
Eecognize the meaning of the expectation L Lgcture;. L . St
12 Sal oF mio bhis ol viianite. 2 Discussions assigntn ents.
Ee familiar with the time-dependent and E Shde.s gnd B .Group Higjens
13 time-ndependent Schrédinger equation :;Tig;:r s;n;latiit ;s-mggmu::ltzon "
' for simple potentials like the Infinite i A
Seuare Well and harmonic ozcill ator. Ez;ieptsto clanfy i?;;:er SESSLOTL 1N
1.4 i;‘;:;ep;;iffft of pncertitity 4, Problems solwving | 4- Exams: .
Eecognize the concept of eigenvalues, z.sfeh;fzit;lfeaga:e ’?etﬁzeasnﬁil
1.5 | eigenfunchons, energy levels, bound and Biokiemtusng he Bl
unbounnf:led states.. MATLAR |anghags
1.6 | Eecognize the spin and angular
momentum states,
2.0 skills
=molve the Schrodinger equation for some
basic, physically important types of
2.1 potential in one dimension, and estimate
the shape of the wave function based on
the shape of the potential.
Apply operators to it to obtain
55 information about a particle's physical é %@c‘mre;. 1- Homework
' properties such as position, momentutn CinEn R, BERERTLERS,
g A— 3. FProblem solving | 2- Group Project
Tze the commutation relations of ® Earowdge 0 | aseigun e
operators to determine whether two Smdem i IO.Ok er Skl S
2.3 hvsical popeibcns Heslanssuily me information in | answer session in
e diff erent references. | class.
ﬁppljfr tE separationicl Vaﬂables g Define duties for :uijzsniﬂdtem
techm_que to solve prc}blem.s i more than N — ey fins?l C i
2.4 one dimension and to describe the role of
degeneracy in the occurrence of electron
shell structure in atorns.
2.6 | knowledge about fundamental quantium
mechanical processes in nature.
3.0 Values
Participate effectively in 1. Group 1. Evaluate the
31 multtdisciplinary andfor interdisciplinary | assignments efforts of each
teatn 5 2. Clanfy deadlines | student in
39 Arccepting different ideas and respecting of assignments, preparing the
' other opinions. repotts, and exams. | report.
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. . ’ Assessment
Code Course Learning Outcomes Teaching Strategies Methods
Manage a project (modelling or 2. Evaluate the
2.3 | simulation) with due attention to time and work in teamns.
resource management Evaluation of
34 'I'alce rna.sp-rc:-nsﬂ::-@1i1:3.'r and talke the course student’s.
i instructions sertously. prezentati ons.

2. Assessment T asks for Students

Parcentage of Total

# A ssessment task* Week Due As
sessment Score
1 | Exercises and Homwork All weeks 10%%
2 | Participation in activities and quizzes. All weeks 10%
3 | Mdterm exam 6% weelk A%
4 | Final exam End of the term 2084

*Assessment task (1.e, written test, oral test, oral presertation, group project, essay, et

E. Student Academic Counseling and Supp ort

Arrangements for awvailahility of faculty and teaching staff for individual student
consultations and academic advice:

students are supervised by academic advizers in the physics Departtnent and the timetables
for academic advice were given to the student each semester.  (Bhrs per week).

F. Learning Resources and Facilities

1.Learning Resources

Introduction to Cuantum Mechanics 2nd Edition,

beguires Textoles | v gy ou T Sntine Praven Bdieation Linired (010

1. Quantum Mechanics: Concepts and Applications 2nd Edition,
Essential Heferences | by MNoureddine Zettili, John Wiley & Sons, Ltd, (2009)

Materials 2. Cuantum Physics, 3rd Edition, by Stephen Gastorowicz, John
Wiley & Sons, Inc, (2003,

https: focw mit edufcoursesiphysicalB-04-quantum physics -spring -

Sl R 20153 ecture-w deos!

Other Learning
MMaterials

2. Facilities Required

Item Resources

Accomm odation
(Classrooms, labotatories, dem anstration
toom slabs, ete)

Classroom

T echnology Resources data show, software
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Ttem Resources

AV, data show, 3m att B oard, softerare,

course learning outcomes

et
{Other Resources
(Bpecify, e.g if specific laboratosy Tore
equipment 13 reouaire d, list recuirements or
attach alisf)
(. Course Quality Evaluation
Evaluation .
Evaluators Evaluation Methods
Areas/Issues

student Feedback on ;

: : students Direct
Effectiveness of Teaching
Evaluation of Teaching Department Indirect
Improvement of Teaching Program leaders Direct
Cality of learning resources | Faculty Direct
Extent of achievement of .

Program leaders Direct

Evaluation aveas (e g, Effectiveness of teaching and asgessm ert, Extent of achie wer ent of ¢ ourse learring

outcote g, Quality of learning re sources, ete))
Evaluators (Students, Facidty, Program Leaders, Peer Reviewer, Others (specify)
Aszessment Method s(Direct, Indirect)

H. Specification Approval Data

Council/ Committee | Dr Atif Tsmnal, Dr. Walid Belhad) and Prof. Ehaled Abdel -Waged

Reference Mo.

Date
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