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	Quantum Mechanics
	1-Course Name

	Dr.Isam Khalil Abdullah
	2-Lecturer in charge

	College of Science/ Department of Physics 
	3-Department/ College

	E-Mail: isam.abdullah@su.edu.krd

              isam_abdullah@yahoo.com

	4-Contact

	        Theory    : 3 hours/week  
       
	5-Time(In hours) per week

	hours /week 4
	6-Office Hours

	Sph301
	7- Course Code

	I am an independent professional and self-motivated with good research and writing ability, also I intend to grow up a positive relationship with peoples who works in high level research centre gathered with special programming languages for solving more complicated problems in Nanotechnology and organic/inorganic device under operation. I was awarded a BSc (my rank was 1st overall students in the College of Science) Physics from the University of Salahaddin in 1987 and an MSc in Nuclear Physics (Distinction) from the same University in 1992. After getting master degree, I was appointed as an assistant lecturer at department of Physics/Salahaddin University in 1992. I have taught a wide range of subjects, at undergraduate level , including nuclear physics, quantum mechanics, mathematical physics, computer science, elementary particles, calculus, differential equations, and practical physics. Most recently, I was awarded a PhD from Cardiff University – UK in 2016 for work in Molecular Nano-Physics including Organic/inorganic materials gathered with exploring a new and attractive technique for Scanning Electrostatic Microscopy (EFM). I enjoy keeping myself busy and put extra effort in my tasks. I enjoy working with other and I have good communication skills with other researchers and academic staff. I speak more than 5 languages: English, Arabic, Kurdish, Turkey, Turkman, and a little of Persian. I regularly update myself with the latest information of my profession, I have many years of experience in teaching and researching so i can lead a team and manage problems that arise.
	8- Teacher's academic profile

	Potential step, perturbation theory, Hermitian, Operators, scattering theory, Schrodinger equation,….. 
	9- Keywords

	10- Course Overview:
Students must have the opportunity to learn and understand quantum mechanics. It helps nature problem-solving skills and student creativity. By starting early, students get a foundation for success in any career path. The goal of quantum mechanics is not just for future scientists, researchers, and creativity but it’s a critical and physical thinking: learning to analyze and classify problems, break hard problems down into smaller, simpler ones. QM is a great science for the both undergraduate in physics and postgraduate as its  supports the development of a wide range of applications. Its  has a greatest power in analysis of microscopic point of views.



	11- Course Objective:
We intended to introduce students not only to the classical mechanics of thinking , but to programming thinking, the methodology of modern physcis, and the principles of good solution solving  design. The QM is used throughout the course for all examples and homework problem sets. In this course the student learn how to develop his physical thinking with starting from simple ideology and tools of quantum, the course offers strong support for integration with other physical interpretations of things starting from old to modern. Operators meaning and why we need that also what is the corresponding principle  . Perturbation theory and non exact solutions of Schrodinger equations also the main scattering theory.     


	12- Student's obligation
Students are expected to learn and understand the basic of modern physics, how to think physically and previous experience in physics using a personal understanding. Student will need to have access to a personal computer so he/she can write programs and do the homework assignments of simple excersice. Also, student will need to decide on what type of environment he/she want to do program development in. In class we will work through examples using a traditional window environment also we can sort an exceptional environment for using assessments. As the QM is absolutely a crucial and important in physcis, the absence cause a difficulty and problem for student to get back on the track. Also students must submit and do all homework presented at the end of each lecture as it helps them to get more progress and understanding. Additionally, students attending to any tests and monthly exams is compulsory.           

	13- Forms Of Teaching 
        Personally, I prefer to organize lectures and presentation by using different ways to make the students engage with the lecture like power point, projector, white bard, and slides explanation. At the end of each lecture student will hand a complete leaflet of presented lecture and exercises.  


	14- Assessment scheme
Monthly examination                                                                                                       30 %

For each chapter one Quiz                                                                                                10%

Final examination                                                                                                              60%


	15- Student Learning Outcome:
As the QM is not specialized to a specific target  . It is extended through physics departments  and libraries that hook very easily into the other scientific challenges. QM  can be used for any scientific thinking and tasks, from physics to engineering  with everything else in between. There are postulates and methodology  for many things you can think.  Like game programming, web frameworks, and scientific computing . That’s because it has a massive support basis and working with different tasks. 

	16- Course Reading list and References: 
· Quantum Mechanics.                                            (Powell)
· Introduction to quantum mechanics                        Pouling and Wilson
· Quantum Mechanics                                                     Davidov
·  Introduction to Quantum Mechanics                         Mathews    

· Quantum Mechanics                                   Richard Fitzpatrick
· Quantum Mechanics                              Nuraddin Zettli

	Lecture's Name
	17- The Topics 

	 Dr. Isam Khalil Abdullah

	Week 1: Old quantum theory 
1.1 Matrix mechanics, 1.2 wave mechanics, 1.3 black body radiations, 1.3 Compton effects, 1.4 Photo-electric effects, Excersice.

Week 2: 2.1 Bohr’s atom, 2.2 wave equation, 2.3 Normalization of wave function, 2.4 Expectation value, 2.5 Ehrenfest theorem,  Excersice.

Week3:  3.1 General postulations of quantum mechanics. 3.2 postulate1  3.2  postulate 2, postulate3, postulate4, postulate5, postulate6. 
Week 4: Shrodinger equation time dependent and y time independent
Week 5: 5.1 Potential step, 5.2 potential barrier , 5.3 Particle in abox, 5.4 Barrier penetrations, Excersice.   
Week 6: 6.1 Operators in quantum mechanics, 6.2 Mathematical definitions, 6.2 linear operators, 6.3 Hermitian operators, 6.4 Eigen values for Hermitian operators, Exercise.  

Week 7: 7.1 Commutations of operators, 7.2 Commutations rule, 7.3 Excersice. 
Week 8 : 8.1 Commutations of operators in QM, 8.2 Angular momentum operators.

Week 9: Angular momentum operators in spherical coordinates, problems and solutions. 
Week 10: Commutation of angular momentum, Uncertainty principle, excersice.   

Week 11: One dimensional harmonic oscillators. 

Week 12: Three dimensional problems, 3D potential box and other problems, excersice
Week 13: Hydrogen atom ( Part one)

Week 14: Hydrogen atom ( continuations –part 2), Excersice.

Week 15: Approximation methods,  Perturbation theory ( non-degenerate case)

Week 16: Perturbation theory ( degenerate case)
Week 17: Variation method, Excersice. 
Week 18: WKB method
Week 20: Scattering  theory_lec1  
Week 21: Scattering theory _ weak scattering, Excersice.
Week 22:Low energy scattering

Week 23: Rutherford scattering and Briet wigner formula. 

Week 24: Consolidations 

	
	18-Practical Topics ( if there is any)

	
	No practical sessions or lab.  

	Sample of Exam question

Sample of exam quation:
  Q1) a/ Compton Effect provided a conclusive confirmation of the particle nature of radiation.   Explain briefly the classical and quantum mechanical views about it, and derive a mathematical formula which represents the shift of incident and scattered wavelength.         ( 8 Marks )

       b/ Ehrenfest theorem relates the derivative of the expectation values of the position x and momentum p  to the expectation value of the force F, prove that: 
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                                 (8 Marks)
 Q2) a/ Figure (1) represents a potential barrier of height Vo and width (a).

A stream of particles of energy ( E) hitting the barrier at x=0. Discuss physically 

and mathematically the probability of finding of particles beyond the region x=a

for the case ( E < Vo ).                                         (8 Marks )                                                                                           

        b) / The state function defined by:   [image: image4.png]5/ gin ()
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,   n= 1,2,3,….
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 operators.   ( 8 Marks)

Q3 a/ let A is a Hermitian operator and let φ and ψ represent any two arbitrary, well behaved functions. Prove that for A operator the relation below should be satisfied:  
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        where dτ is over all space.                                                                                  ( 7 Marks)
   b/ Show that the one dimensional harmonic oscillator wave functions can be described by Hermit polynomials ( start from Schrodinger equation).                                        ( 7 Marks)

  Q4 a/ The total wave function ψ (x) is  not substantially differ from incident particle wave function ψo(x) under weak scattering assumption ( ψ (x)           ψo(x) ) show that with using of Born approximation method, the Rutherford Scattering cross section formula is given by: 
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                                                    ( 8 Marks)                       

b/ Evaluate the commutation relations below:                                                     ( 6 Marks)                                                

1- [ X, L2 ] ,        2- [ Px , L2 ]                                                                

                                          Good Luck                                                        

                                                                                                                Dr.Isam K. Abdullah



	20- Extra notes:

I am Highly recommend that  the use of  Python programming for numerical and simulations in Quantum Mechanics.

	21-Peer Review 
 


Directorate Of Quality Assurance and Accreditation بةرِيَوةبةرايةتى دلَنيايي جؤرى و متمانة بةخشين   

