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A. Course Identification

1. Credit hours: 4 hrs

2. Course type

a. University |:| College |:| Depattment Others |:|
h. Requirad m Elective

3. Level'year atwhich this course is offered: 12/4th yvear

4. Pre-requisites for this course (if ansii: Theoretical Methods in Physics (4)

5. Co-requisites for this course (if any):

6. Mode of Instruction (mark all that apply)

Percentage Contact Hours Mode of Instiuction HNo
S0 100 Gl Traditional classroom 1
- - Blended 2
- - E-learning 3
- - Distance learning 4
- - Other =)

7. Contact Hours (based on academic semester)

No Activity Contact Hours
1 Lecture a0
z L ahoratory/Studio a0
3 Tutorial -
4 Others (specify) Exam s/ Quizzes -
T otal &0
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B. Course Objectives and L earning Outcomes

1. Course Description

Computational Physics iz designed to cover techniques used in modeling physical systems
numerically and analyzing data Ttis desighed to help students gain experience with
programming languages. The course will also demonstrate the processes of these
programming languages. Mote however that this 15 not a course in computer programmaing|
Instead, thiz course is designed to uze computer programining to soelve scientific problems in
physics. One of the most common programming languages used in science (such as
FOETEAN, O+, or Python, may be MATLAR or equivalent software) will be choszen by the
instmictor. Computational techniques will be used to numerically solve systems of linear
equati ons, ordinary differential equations (ODE), and orbit problems with nutnerncal methods,
In addition, the students alse will be introduced to data fitting techniques.

Computational Physicsis a problem-soling course, that is, the measure of a student’s
progress iz demonstrated by the abality to solve numencal problems in physics using computer
programming methods. Upon completion of this course, the student wall poszess the basic
knowledge of numerical modeling and data analysis that may be required for graduate study or
i a position at a technical corporation.

Besides l earning how to solve mumerical problems with a computer, the student also wall oain
Experence WHilhg matiscripts in a scentific journal style using the mark-up lanouage LATEX

2. Course Main Objective

The use of computers for computation and simulation 13 an integral part of the physics
dizcipline, Moreower, computational physics has become as impottant as theoretical and
expenmental physics. Students will learn basic skalls in programming in the context of solving
rhysics problems Itis assumed that the student has no computer programming experi ence,
and only modest understanding of physics at an elementary lewel. Through a variety of
projects, the students are to obtain a deeper understanding of physical principles they already
learned by solving physics problems and implementing computer simulat ons. This project-
oriented, active learning approach all ows students to work more comfortably at their own
pace, where the studentis engagedin solving problems in exploratory mode to gain better
physical insight, similar to what 15 done in the context of research. In short, the objective of
this clazs is to introduce the student to how computers are uzsed in physics, and for the student
to develop the basic skills that will be immediately useful in future classes, and ih yvour career
as your skulls develop further.

3. Course Learning Outcomes

Aligned

CLOs PLOs

1 | Enowledge and Understanding

1.1 | Demeonstrate knowledge in essential methods and techni ques for El Ip)
numerical computation in physics

1.2 | Apply programming language and relevant packages to solve simple E2 (g
physical problems

1.2 | Employ appropriate numencal methods for selving ordinary differential | K2 (p)
equations that comm only arise in physics, alse for modeling various
physical systemns

2 | Slalls :

2.1 | Maodel and analvze physical systems . I =i
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CLOs

Aligned
PLOs

2.2 | Integrate programiming with experimental data ma2ip)

3 | Values:

3.1 | Manage aproject (modeling or simulation) with due attention to time Wlip)
and resource management

3.2 | Participate effectively in multidisciplinary andfor interdisciplinary Waip)
teatns

C. Course Content

Contact
Hours

List of Topics

12

Instructor could choose any one of the following programming
Language: Python, CPP, Fortran, or (MATLARE or equivalent
software).

Programming:

How to compile, run, and build the chosen programming software script
of code files on different operating systems (Windows and Linusx, and
may be MMacOS).

Wariables and arrays. Displaying cutput data, data files, scalar and atray
operati ons, built in functions, Conditional 5t atement: IF, IF Else and

Mested |F Else, loops.

12

Linear Algehra:
molving alinear system, Gaussian elimination . Finding etgenwvalues and
etgenvectors. Matriz (LT and QF) factorizations and examples.

Graphics and data analysis:
Plotting + regression and curve fithng.

Mumerical integration and differentiations:
Integration, differentiations, solving first order and second order Linear
Ecuat of1.

Modelling and Simulation: Harm onic motion example using a vanety of
numerical approaches.

Modelling and Simulation:
Cuantum Mechanics: Schrodinger Equation.

Modelling and Simulation:
The planetary maotion

LATEX:
“Writing mathematical equations using LaTeZl

&0

Total

s
L i
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D. Teaching and Assessment
1. Alignment of Course Learning Outcomes with Teaching Strategies and

A ssessment Methods
Code {Course Learning Outcomes Teaching Strategies | Assessnent Methods
10 | Enowledge and Understanding
Demu:unstr_ate knmwledge in essertial mn.athu:u.ds TRl sl
1.1 and tectmicues for mam erical computationin | Lecture H I
physics ot ewaorkl reports
Epply Pythor, CPP, o F ortran programming
1.2 | language and relevant packages to salve
simple physical problem s
Employ appr opriate mam erical methods for Lecture Dhscussion Written exam
173 solving ordinaty differential equations that
: cotm oty arise in plersics, deo for modeling
vatious physical system s
20 | Skills
2.1 | model and analyze physical systems Lectures il otam o
Homework reports
: : : Written exarm, and
wotl with experimental and field : ; W
2 data Groups discussion s at Zing
' research papers
2
30 | Values
Manage aproject (modelling or Evaluate the efforts
2.1 | simulation) with due attention to time . of each student in
Groupe assignnents i
and resource management : : preparing the report.
et : : Clarify deadlines for ]
Participate effectively in Heliverypof Evwaluate the worlein
3.2 | multidisciplinary andfor : tearns.
: R assigntnents, repotts :
interdisciplinary teams Evaluation of
and exams
students
553 -
presentati ons.
2. Assessment T asks for Students
Percentage of Total
2 Week Due A ssessment task* #
Assessment Score
10%% continuous | Assignments, Interaction during lectures, and others 1
20% 7 Wl dterm exam 2
20% 12 Lab Exzam 3
0% 13 Final exam 4
5
]
7
8

*Assesement task (e, written test, oral test, oral presertation, gyoup project, essay, et

E. Student Academic Counseling and Supp ort

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

4 Hours per week during office hours, in the instructor's office of by appointment.
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F. Learning Resources and Facilities

1.Learning Resources

-Computational Modeling and Visualization of Physical Systems with

Required Textbooks | @ 1oy Wang (2016) Wiley -V CE. ISBN: 978.1.119.17918.4

Mutnerical Eecipes in Fortran 20, William H. Press, Saul &
Teulkolsky, William T. Vetterling, Bran P. Flannery, Michael
Metcalf, Cambndge University Press; 2 edition (Geptember 25,

1996)
Essential References | -Ohbject oriented programming in CH, Eobert Lafore, fourth
MMaterials edition, Pearson and Sam Publishing (20071, ISEN 0-672-
32308-7.

WMATLAR, © An introduction with Applications”, fourth
ediion, Amos Gilat, John Wiley and Sons, INC, 2011, ISEN-
13 978-0470-7T6785-6.

https: ffwww tug orgitwgim actez/tuton alsltzpnmer-1. 0 pdf
https: fwww. programiz. comfpython-programming
Electronic Materials

https: ffwww. programiz. comfopp-programming

httpe: ffweb chem. oz ac ulfortranfortran 1 httnl

Other Learning
Materials it

2. Facilities Required

Ttem Resources
Accommodation Lecture room,
(Classtooms laboratories, demonstration Computer Toot,
roomalabs, etel) Library.

T echnology Resources
(AT, data show, Smart Board, software, data show
ete.)

Other Hesources
(Spedfy, e.g if specific lahoratory MATLAR, QZCTAVE, LaTeX, O+, FORTEAD, ATD

equipment 18 required, st requirements or PYTHON
attach a list)

G. Course Quality Evaluation

Lyl Evaluators Evaluation Methods
AreasTssues
otudent Feedback on ;
Effectiveness of Teaching Sl i
Evaluation of Teaching Department Indirect
Improvement of Teaching Program leaders Direct
Cuality of leamning resources | Faculty Direct

[F=r
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Evaluation
AreasTssues

Evaluators

Evaluation MMethods

Extent of achievement of
course learning outcomes

Program leaders

Direct

Evaluation aveas (e g, Effectiveness of teaching and asgessm ert, Extent of achie werm ent of c ourse learring
outcome g, Quality of learning re sources, ete))
Evaluators (Students, Faoidty, Program Leaders, Peer Reviewer, Others (specify)
Aszessment Method s(Direct, Indirect)

H. Specification Approval Data

Council / Committee

At Tsmail

Reference Mo,

Date
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