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Physics explores how the universe works and explains it in details. It
serves as the basis for virtually all other science disciplines, from
biology and chemistry to more recent fields such as quantum computing
and nanotechnology. Today’s physics graduates are responsible for
tomorrow’s innovations. The field of Physics fosters the analytical
skills and problem-solving abilities that can be applied to countless
careers from graduate studies to research centers, industrial or
government positions.
Our four-year program has a forward-looking focus, from classes to
research, that reflects current trends in physics, with emphases on
emerging areas as metamaterials, quantum systems and
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nanotechnology. The program provides students with the exposure to
research environment preparing them for modern careers beyond
science and technology.
Nazarbayev University Physics program is designed utilizing the
recommendations and guidelines by relevant professional
organizations such as the American Physics Society (APS), the
American Association of Physics Teachers (AAPT) and several
universities’ physics departments, and submitted for quality review and
approval by the SSH Curriculum Committee. The program structure is
in compliance with the general criteria as established under the
European Consortium for Accreditation guidelines (otherwise known
as the “Bologna Accords”), adopted by the Republic of Kazakhstan,
where students are required to spend between 1500-1800 hour
workload per academic year.

3. Program Rationale
1. Student Demand
Physics graduates have skills that are in high demand in diverse sectors and the diversity of physics
careers is an appealing aspect for prospective students. These include skills relating to numeracy,
problem-solving, data analysis and the communication of complex ideas, as well as a wider
understanding of how the world works on a scientific and human level. This highly transferable and
valued skillset also means physics graduates earn more. While many physics graduates go on to
work within research roles, these are spread across many different industries – including education,
automotive and aerospace industries, defense, the public sector, healthcare, energy, materials,
technology, computing and IT. The proposed program would be desirable for many prospective
students because it gives them an opportunity to obtain a BSc degree in Kazakhstan at the level
competitive with those awarded by leading international universities. Apart from attracting students
from Kazakhstan, there is likely to be significant interest from international students.
2. Market Need
Development of an internationally competitive industry based on high-technology and cutting-edge
knowledge is one of the major goals of Kazakhstan. It is of paramount importance, in order to
achieve this goal, to integrate a high-level education system with a top-notch research program. For
this reason, there is a strong need for the development of advanced and world-class physics
programs. Kazakhstan imports significant amount of skilled people from abroad to satisfy current
demand. Hence, academic sectors, R&D departments, and development companies require high
quality Physics graduates as engineers able to solve complex problems or conduct research in
different disciplines. The American Institute of Physics points out that: “A physics degree tells a
prospective employer that you are a person who has the background, knowledge and drive to succeed
in a broad range of scientific or technical fields.”
Nazarbayev University (NU) was established to solve the challenges by educating leaders and
innovators capable of addressing scientific and technological problems faced by the modern society,
creating competitive science and technology, and driving innovation and technical progress in
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collaboration with other key stakeholders. Some of the challenging topics include innovation in
physics-related research, socio-economic improvements such as high quality of life and
environment; and novel technological challenges, which revolutionize modern industries, such as
advanced instrumentation, digitalization and automation, advanced conventional and
unconventional systems, new sources of energy, etc.
Only highly qualified professional cadres capable of leading science and industry in Kazakhstan and
internationally in the 21 st century will solve these problems, and therefore the fundamental task of
the proposed program is to become the major platform for training young and experienced specialists
equipped with advanced scientific and technological knowledge and practical skills to face the
challenges of the modern world and create competitive advantage for Kazakhstan in the global
competition. Developing a thriving high-tech industry and knowledge-based economy has been
identified as key research areas by the Government of Kazakhstan, based on the needs of the country
as formulated in the main governmental documents, market analysis, current trends in engineering,
science and technology, and analysis of the existing graduate and postgraduate programs across the
country.
3. Benefits for Stakeholders (Government, Sponsors)
One of the important priorities in the Kazakhstan 2050 Strategic plan is to develop new high-tech
industries and a knowledge-based economy. The proposed program will serve as a foundation for
educating highly skilled researchers and teachers to train new engineers. The proposed program is
aligned with global as well as national priority needs, it fits the national landscape of priorities and
will enhance the employability of the graduates from the proposed program. Furthermore, NU offers
students the very best academic environment, including latest laboratory infrastructure, analytical
and characterization equipment, supervised by academics with strong research background and
international experience.
At present, the BSc in Physics program is financially supported exclusively by government funding.
The government will provide full bursaries and stipends to the students enrolled in the program. It is
anticipated that some students will be fee paying students, especially international students. Students
admitted to the program will be offered additional financial support as research and teaching
assistants at SSH. In the future, it is anticipated that other external third parties such as industry will
fund the program. This requires SSH to engage with external funders to ensure that the program is
fit for their purpose, which is a benefit for stakeholders.
4. Relation to Existing/Contiguous Programs at Nazarbayev University (NU)
1)
Will this program replace an existing program at NU?
☐ Yes
☒ No
If yes, please specify:
The title of the old program __________________________________
The date to be discontinued dd/mm/yy
2)
Will this program deflect demand from other existing programs at NU?
☐ Yes
☒ No
If yes, please specify:
The title of the
_____________________________ program
The reasons _____________________________
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4. Program Aims and Strategic Goals
1. Program Aims
The overarching aim of the program is to provide education and training to future leaders who are
ready and able to make a lasting contribution to addressing the scientific, technological, economic,
social, health care and environmental challenges of global significance. It is closely associated with
the mission of NU and the aim of Kazakhstan to increase its global competitiveness and join the top
30 most developed countries in the world.
The program aims to prepare:
1) specialists for advanced careers in national and international industry and academia in
Kazakhstan, in neighboring countries and internationally;
2) future policy and decision makers in government agencies, public service and the socioeconomic environment in Kazakhstan,
3) entrepreneurs who will be able to promote advanced and innovative science-rich technologies
anywhere in the world;
4) a new generation of commercially aware and technologically advanced scientists and
technologists to lead future developments in many areas of industry;
5) future academics and researchers in physics and related disciplines for careers as specialists in
universities in the country and internationally.
2. Relationship to NU Mission and Goals
The BSc in Physics program at NU is a comprehensive program of undergraduate studies in
Kazakhstan which offers internationally competitive research opportunities in a broad spectrum of
physics related disciplines relevant to the growing economy, industry and market in Kazakhstan.
This degree will contribute to the newly attained status of a research intensive university and the
following goals of Nazarbayev University.
o Educational reform leadership: To ensure that the lessons of Nazarbayev University’s
experience are transferred and understood by other universities, schools, and research centers.
o Academic excellence: To achieve Nazarbayev University’s mission by developing and
maintaining academic excellence.
o Research excellence: To develop a program of world-class research by partnering with the
world’s best researchers and research institutions.
3 Relationship to School Strategic Plan
The School Strategic Plan outlines several key points in relation to the BSc program. It provides
relevance and excellence in terms of courses offered at the undergraduate level. The program
emphasizes the development of critical thinking, problem-solving and research skills, as well as the
ability to work individually and as part of a team to solve timely scientific problems and create
solutions for societal concerns. In this respect the program aligns with the overall mission of SSH to
provide a broad education to nurture the discovery, creation and application of knowledge of SSH
students, to combine a foundation of deep knowledge with rigorous training in critical analysis and
analytical skills, and to promote world-class research combined with excellence in the classroom. The
BSc in Physics Program will serve this mission by developing and expanding the knowledge and
technology for future knowledge-based economy.
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5. Program Learning Outcomes
1. Program Learning Outcomes (LOs)
The BSc in Physics Program strives to prepare students for national and international careers and/or
graduate studies in diverse areas of physical sciences and engineering. On successful completion of
the program students will be able to:
1.
2.
3.
4.
5.
6.
7.

Apply abstract reasoning and creative scientific approach to tackle problems in physics and
formulate appropriate solutions,
Use mathematics and fundamental laws of physics to describe the physical world, use
programming and computer simulations to theoretically model physical phenomena,
Plan, execute and report the results of an experimental investigation of a physical system,
Competently use the appropriate tools and requisite media literacy to compile, assess, and
analyze data and information from diverse sources and literature,
Communicate scientific work and findings effectively via oral, visual, and written formats to
diverse audiences,
Critically assess and develop own knowledge and expertise, evaluate the innovation and
effectiveness of the approaches taken,
Work effectively within a team using scientific communication and collaboration, exercise
ethical and professional conduct.

All of these program LOs align perfectly with the NU Graduate Attributes, which state that all NU
graduates shall
1.
2.
3.
4.
5.
6.
7.
8.

Possess an in-depth and sophisticated understanding of their domain of study.
Be intellectually agile, curious, creative and open-minded.
Be thoughtful decision makers who know how to involve others.
Be entrepreneurial, self-propelling and able to create new opportunities.
Be fluent and nuanced communicators across languages and cultures.
Be cultured and tolerant citizens of the world.
Demonstrate high personal integrity.
Be prepared to take a leading role in the development of their country.

The table below shows how the program LOs align with the NU Graduate Attributes:
Program Learning Outcomes

NU
Graduate
Attributes

1
2
3
4
5
6
7
8

1
+
+

2
+
+

3
+
+
+

+

+

4
+
+

5

6

7

+
+

+
+

+
+

+

+
+

+
+
+

+
+
+
+
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2. Delivery of LOs
The delivery of PLO’s is performed via full range of learning and teaching methods and relies on
the measures of learning outcomes within comprehensive multimodal assessment methods of
students’ achievements of competencies, namely the Program Assessment Methods, see section 7.1.
How addressed*
Program Learning Outcome
Where addressed
(course)
(L&T Methods)
1.
Apply abstract reasoning and
UG Core Curriculum
Homework/Assignment
creative scientific approach to tackle
Physics Core
Lab report
problems in physics and formulate
Major Electives
Quiz
appropriate solutions.
Technical Electives
Oral presentation
General Electives
Project report
Honors Track
TEL*
Midterm and Final Exams
Honors Thesis
2.
Use mathematics and fundamental UG Core Curriculum
Homework/Assignment
laws of physics to describe the physical
Physics Core
Quiz
world, use programming and computer
Major Electives
TEL*
simulations to theoretically model
Technical Electives
Midterm and Final Exams
physical phenomena
Honors Track
Honors Thesis
3.
Plan, execute and report the
Physics Core
Lab report
results of an experimental investigation
Major Electives
Oral presentation
of a physical system
Honors Track
Project report
Honors Thesis
4.
Competently use the appropriate
UG Core Curriculum
Oral presentation
tools and requisite media literacy to
Physics Core
TEL*
compile, assess, and analyze data and
Major Electives
Project report
information from diverse sources and
Technical Electives
Honors Thesis
literature
General Electives
Honors Track
5.
Communicate scientific work and Physics Core
Lab report
findings effectively via oral, visual, and
Major Electives
Oral presentation
written formats to diverse audiences,
Technical Electives
Project report
Honors Track
Honors Thesis
6.
Critically assess and develop own UG Core Curriculum
Homework/Assignment
knowledge and expertise, evaluate the
Physics Core
Midterm and Final Exams
innovation and effectiveness of the
Major Electives
Honors Thesis
approaches taken,
Technical Electives
General Electives
Honors Track
7.
Work effectively within a team
UG Core Curriculum
Lab report
using scientific communication and
Physics Core
Project report
collaboration, exercise ethical and
Honors Track
Midterm and Final Exams
professional conduct.
Honors Thesis
* TEL, or Technology Enhanced Learning strategies include use of interactive Lecture presentation
modes, use of E-learning platforms, such as Lon-Capa (Learning Online Network with ComputerAssisted Personalized Approach), using mobile and remote class access via Moodle, Google
Classroom and similar.
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6. Program Structure and Academic Content
1. Curriculum
The curriculum of the four-year B.Sc. in Physics Program satisfies Bologna requirements of a first
cycle level 6 program with total of 240 ECTS credit and includes the following components:
1) UG Core Curriculum Framework Courses, total 78 ECTS credits;
2) Physics Core Courses, including PHYS (78 ECTS) and MATH (30 ECTS) courses;
3) Major Electives, including at least three PHYS courses of 400 level and at least two designated
research courses (399, 465, 474, 491), total 24 ECTS credits;
4) Technical Electives, including at least one course at the 300-level, total 18 ECTS credits;
5) General electives, total 12 ECTS credits.
The UG Core Curriculum courses, listed below, aim to encourage the development of NU Graduate
Attributes and deliver the following learning outcomes: 1. Communicate fluently in the English
Language; 2. Demonstrate competence in the Kazakh Language; 3. Describe and interpret major
events in Kazakh and Kazakhstani history; 4. Demonstrate knowledge of the natural and social
sciences; 5. Apply numerical and digital literacy skills; 6. Apply skills in business, design and
entrepreneurial thinking; 7. Use research skills and methods to complete projects; 8. Identify ethical
and leadership issues and take appropriate actions.
The Physics Core courses, including Major Electives, are essential for providing students the
knowledge base in Physics for future academic, research or professional specialization depending on
their career goals. Technical and General Electives are an important pathway to encourage students
to gain experiences and knowledge in areas of their specialization interests as well as outside of their
field of study at sufficient depth and breadth.
The Honors Track is an elective path offering high-performing students the advanced research
experience providing competitive advantage towards admission into a Master and Doctoral programs
in Kazakhstan and abroad. Students have to complete a research project under supervision of a Physics
Faculty, then write and publicly defend the Honors Thesis. The minimal requirements is to complete
Honors Thesis Research course PHYS 498 (0 ECTS credits) in the Fall of year 4 and Honors Thesis
course PHYS 499 (6 ECTS credits) in the Spring of year 4. Additional option is to take PHYS 498
course also during Summer semester after year 3. The track is concluded with public defense of the
Honors Thesis at the end of 8th semester, thus bringing the total credit count to 246 ECTS.
The Minor in Physics track requires to complete five Minor-required (36 ECTS) and two Minorelective courses (12 ECTS). Minor-required courses include Physics I (PHYS161, 8 ECTS), Physics
II (PHYS162, 8 ECTS), Classical Mechanics I (PHYS 221, 6 ECTS), Modern Physics with
Laboratory (PHYS 261, 8 ECTS), and Thermodynamics and Statistical Physics (PHYS 280, 6 ECTS).
UG Core Curriculum Framework Courses, at least 72 ECTS
Physics I for Scientists and Engineers with Laboratory (PHYS 161)
Calculus I (MATH161)
Programming for Scientists and Engineers (CSCI 151)
Research Methods (PHYS 395)
History of Kazakhstan (HST 100)
2 courses of Kazakh Language, Literature or Culture (KAZ)

ECTS
8
8
8
6
6
12
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Rhetoric and Composition (WCS 150)
200-level Writing course
Choose one course from SOC, PLS, ANT or ECON
Business fundamentals and Entrepreneurship
Applied Ethics course from School
Total

6
6
6
6
6
78

Physics Core Physics Courses
Physics II for Scientists and Engineers with Laboratory (PHYS162)
Classical Mechanics I (PHYS 221)
Classical Mechanics II (PHYS 222)
Modern Physics with Laboratory (PHYS 261)
Computational Physics with Laboratory (PHYS 270)
Thermodynamics and Statistical Physics (PHYS 280)
Mathematical Methods of Physics (PHYS 315)
Classical Electrodynamics I (PHYS 361)
Classical Electrodynamics II (PHYS 362)
Optics with Laboratory (PHYS 370)
Quantum Mechanics I (PHYS 451)
Quantum Mechanics II (PHYS 452)
Total
Physics Core Mathematics Courses
Calculus II (MATH 162)
Calculus III (MATH 263)
Linear Algebra with Applications (MATH 273)
Introduction to Differential Equations (MATH 274)
Total

ECTS
8
6
6
8
6
6
6
6
6
8
6
6
78
ECTS
8
8
8
6
30

Elective Courses offered by Physics Department
Introductory Astronomy I (PHYS 201)
Introductory Astrophysics (PHYS 202)
Introduction to Quantum Technologies (PHYS 291)
Research project and internship (PHYS 299)
Physics Research Project (PHYS 399, designated research course)
Advanced Mathematical Physics (PHYS 411)
Introduction to Biophysics (PHYS 433)
Introduction to Chemical Physics (PHYS 443)
Introduction to Particle Physics (PHYS 453)
Astrophysics and General Relativity (PHYS 463)
Advanced Experimental Physics (PHYS 465, designated research course)
Introduction to Solid State Physics (PHYS 473)
Lasers and Photonics (PHYS 474, designated research course)
Topics in Material Science (PHYS 476)
Statistical Mechanics (PHYS 483)
Directed Study of Advanced Physics Topics (PHYS 491, designated research course)
Physics Colloquium (PHYS 495)

ECTS
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
0
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Sample program

Year 1: Fall Semester (1st Semester)
Course

UG Core
Curriculum

PHYS 161 Physics for Scientists and
Engineers I with Laboratory
MATH 161 Calculus I

Class
Hours

Workload
Self-study
Hours

8

98

142

8

56

168

8

56

168

6
30

45
255

115
593

Class
Hours

Workload
Self-study
Hours

School

ECTS
Credits

SSH
SSH

CSCI 151 Programming for
SEDS
Scientists and Engineers
HST 100 History of Kazakhstan
SSH
SEMESTER SUBTOTAL:

Year 1: Spring Semester (2nd Semester)
Course

Physics
Core
UG Core
Curriculum

PHYS 162 Physics for Scientists and
Engineers II with Laboratory
MATH 162 Calculus II
MATH 273 Linear Algebra with
Applications
WCS 150 Rhetoric and Composition

School

ECTS
Credits

SSH

8

98

142

SSH

8

56

168

SSH

8

56

168

SSH

6

45

115

30

255

593

SEMESTER SUBTOTAL:

Year 2: Fall Semester (3rd Semester)
School

ECTS
Credits

PHYS 221 Classical Mechanics I

SSH

PHYS 261 Modern Physics with
Laboratory

SSH

Course

Physics
Core

MATH 263 Calculus III
SSH
MATH 274 Introduction to
SSH
Differential Equations
SEMESTER SUBTOTAL:

Workload
Class
Hours

Self-study Hours

6

56

124

8

84

156

8

56

168

6

42

126

28

238

574
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Year 2: Spring (4th Semester)
Course
PHYS 222 Classical Mechanics II
Physics
Core

UG Core
Curriculum
Electives

PHYS 280 Thermodynamics and
Statistical Physics
PHYS 270 Computational Physics
with Laboratory
200 – level Writing course
General Elective 1

School

ECTS
Credits

SSH

Workload
Class
Hours

Self-study Hours

6

56

124

SSH

6

56

124

SSH

6

56

124

SSH

6

45

115

6
30

42
255

126
613

All
SEMESTER SUBTOTAL:

Year 3: Fall (5th Semester)
School

ECTS
Credits

PHYS 361 Classical Electrodynamics I

SSH

PHYS 315 Mathematical Method in
Physics

Course

Physics
Core
UG Core
Curriculum
Electives

Workload
Class
Hours

Self-study Hours

6

56

124

SSH

6

56

124

Kazakh Language 1

SSH

6

45

115

PHYS 395 Research Methods in
Physics

SSH

6

42

126

6
30

42
241

126
615

Major Elective 1, Level 400
SSH
SEMESTER SUBTOTAL:

Year 3: Spring (6th Semester)
School

ECTS
Credits

PHYS 362 Classical Electrodynamics II

SSH

PHYS 451 Quantum Mechanics I

Course

Physics
Core
UG Core
Curriculum
Electives

Workload
Class
Hours

Self-study Hours

6

56

124

SSH

6

56

124

PHYS 370 Optics with Laboratory

SSH

8

84

156

Social Science Elective
(SOC, PLS, ANT, or ECON)

SSH

6

45

115

Major Elective 2, Level 400

SSH

6

42

126

32

283

645

SEMESTER SUBTOTAL:
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Year 3: Summer Semester
Course
Honors
Track

PHYS 498 Honors Thesis Research

School

ECTS
Credits

SSH

SEMESTER SUBTOTAL:

Workload
Class
Hours

Self-study Hours

0

0

180*

0

0

180*

Year 4: Fall (7th Semester)
School

ECTS
Credits

PHYS 452 Quantum Mechanics II

SSH

Kazakh Language 2

Course
Physics
Core
UG Core
Curriculum

Electives

Honors
Track

Workload
Class
Hours

Self-study Hours

6

56

124

SSH

6

45

115

Major Elective 3

SSH

6

42

126

Technical Elective 1

All

6

42

126

Technical Elective 2

All

6

42

126

PHYS 498 Honors Thesis Research

SSH

0

0

180*

30

227

617

SEMESTER SUBTOTAL:
* not counted in the total

Year 4: Spring (8th Semester)
School

Ethics
Business fundamentals and
Entrepreneurship
Major Elective 4
Technical Elective 3
General Elective 2

SSH

6

Class
Hours
45

SSH

6

45

115

SSH
All
All

6
6
6

42
42
42

126
126
126

PHYS 499 Honors Thesis

SSH

6*

0

180*

30

216

608

Course
UG Core
Curriculum
Electives
Honors
Track

Workload

ECTS
Credits

SEMESTER SUBTOTAL:
* not counted in the total

Self-study Hours
115
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Descriptors for Physics Core Courses
Course Code and Title PHYS 161. Physics I for Scientists and Engineers with Laboratory
(the requirements of this course are also satisfied by PHYS 171
Physics I for Physics Majors with Laboratory)
Course Descriptor
This is an introductory calculus-based course covering Mechanics and
Thermodynamics. The students will learn to identify fundamental laws
of mechanics and thermodynamics in everyday phenomena and to apply
these laws to solving basic physics problems and to describing
laboratory experiments.

Course LOs

Co-Reqs: MATH 161 Calculus I (C- and above)
Anti-Reqs: PHYS 171 Physics I
By the end of the course the student will be able to:
1. Apply physics concepts and methods, including from other classes,
using critical thinking.
2. Use acquired knowledge and gained skills to understand, set-up
and solve qualitatively physics problems for the basic topics.
3. Employ the appropriate mathematical techniques and concepts to
obtain quantitative solutions to problems in topics listed above.
4. Improve his/her communicating skills related to this course via
reading the textbook and additional materials, doing homework
problems, writing laboratory reports and doing optional in-class
presentation.
5. Collect and analyze data and/or information from laboratory
experiments and external sources.
6. Prepare coherent reports based on the accepted standards presented
in class.
7. Meet the deadlines developing effective learning habits and
discipline necessary to promote life-long learning.
CLOs
1
2
3
4
5
6
7

1
X
X

X
X

2
X
X
X

3
X
X
X
X
X

PLOs
4
X
X
X
X

5

6
X

7

X
X
X
X

X
X
X
X

Course Code and Title PHYS162. Physics II for Scientists and Engineers with Laboratory
(the requirements of this course are also satisfied by PHYS 172
Physics II for Physics Majors with Laboratory)
Course Descriptor
This is an introductory calculus-based course covering Electricity,
Magnetism and elements of Optics. The students will learn to identify
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fundamental laws in everyday electromagnetic phenomena and to apply
these laws to solving basic physics problems and to describing
laboratory experiments.

Course LOs

Pre-Reqs: PHYS 161 (C- and above)
Anti-Reqs: PHYS 172 Physics II
By the end of the course the student will be able to:
1. Apply and navigate physics concepts of electricity, magnetism,
and optics.
2. Employ acquired knowledge and skills to understand, set-up and
solve qualitatively physics problems in topics listed above.
3. Use mathematical techniques and concepts to obtain quantitative
solutions to problems in topics listed above and in solving
homework problems.
4. Make use of reading the textbook and additional materials, writing
laboratory reports and completing optional in-class presentations to
improve communication skills.
5. Collect and analyze data and information from laboratory
experiments and external sources.
6. Prepare coherent reports based on the accepted standards presented
in class.
7. Promote life-long learning by developing effective learning habits
and discipline.
CLOs
1
2
3
4
5
6
7

1
X
X

X
X

2
X
X
X

3
X
X
X
X
X

PLOs
4
X
X
X
X

5

6
X

7

X
X
X
X

X
X
X
X

Course Code and Title PHYS 221. Classical Mechanics I
Course Descriptor
Classical mechanics I can be considered as a first course in theoretical
physics. The course deals with the formulation of the laws of mechanics
describing the motion of massive bodies under the presence of external
forces. This formulation is related to the mathematical structure of space
and time and requires several advanced mathematical tools. The
relevant mathematical background is to be introduced during the course
when required. The course covers Newton’s Laws, Reference frames,
Gravitation, Oscillations, Central Motion, Lagrangian and Hamiltonian
Dynamics. The topics learned in Classical Mechanics constitute the
natural starting point for all other branches of theoretical physics
including Astrophysics, Quantum Mechanics, Fluid Dynamics,
Thermodynamics, Dynamical systems and Relativity.
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Course LOs

Pre-Reqs: (PHYS 162 OR PHYS 172) AND MATH 273 (C- and
above)
By the end of the course the student will be able to:
1. Apply laws and methods of classical mechanics,
2. Master the mathematical techniques required to solve the
problems and to study the symmetries of mechanical systems,
3. Develop the ability to connect the advanced tools acquired in the
course to the current research trends in physics,
4. Explore modern applications of classical mechanics in science
and technology.
CLOs
1
2
3
4

1
X
X

2
X
X
X

3

PLOs
4
X
X
X

5

6
X

7

X
X

Course Code and Title PHYS 222. Classical Mechanics II
Course Descriptor
The course will deal with some advanced topics in classical mechanics.
The main topics covered will include (i) an introduction to non-linear
dynamical systems and chaos, (ii) continuous media, starting from rigid
body motion and inertia tensor to stress and strain, D’Alembert
equation, continuity equation and Euler equation for fluids, (iii) the
basics of Special Relativity from the point of view of mechanics,
including Lorentz transformations, symmetry groups, special
relativistic kinematics and dynamics.

Course LOs

Pre-Reqs: PHYS 221 (C- and above)
Co-Reqs: MATH 274 (C- and above)
By the end of the course the student will be able to:
1. Apply the laws of classical mechanics to a series of physical
situations;
2. Make use of the mathematical techniques necessary to solve the
equations of motion for different systems;
3. Implement the advanced tools acquired in the course in other
fields of physics and in current research trends;
4. Apply the mathematical tools of classical mechanics to a variety
of domains in modern science and technology.
CLOs
PLOs
1
2
3
4
5
6
7
1
X
X
X
2
X
X
X
3
X
X
X
4
X
X
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Course Code and Title PHYS 261. Modern Physics with Laboratory
Course Descriptor
This course is a survey of the “modern” Physics of the 20th century until
today, introducing the conceptual shift from the “classical, common
sense” Physics that has dominated the scientific worldview since at least
the time of Galileo. It introduces special theory of relativity, quantum
mechanics, atomic and molecular physics, solid-state physics. We will
also touch some laser physics, particle physics, nuclear physics,
astrophysics and cosmology. This course is designed for students
majoring in natural sciences and engineering who have good
preparation in general physics and calculus and who want to develop
basic understanding of quantum/molecular/relativistic concepts,
shaping modern natural science, research and advanced technologies.

Course LOs

Pre-Reqs: MATH 162 Calculus II (C- and above) AND (PHYS 162
OR PHYS 172) (C- and above)
By the end of the course the student will be able to:
1. Apply fundamental laws of modern physics and relate physical
phenomena in historical and modern perspectives.
2. Employ experimental foundation and basic mathematical
apparatus of special theory of relativity.
3. Explain the time dilation and length contraction concepts and the
“twin paradox”.
4. Explain the experimental foundations of Quantum Mechanics and
concept of quantization of matter.
5. Solve the 1D Schrödinger equation for the bound states of
particle in the box and explain the electron structure of Hydrogen
atom.
6. Explain the basics of molecular and solid state energy level
structure, including concepts of metals, semiconductors and
dielectrics.
7. Apply advanced experimental and data analysis skills in modern
physics laboratory while working in teams.
8. Relate the Modern Physics concepts and methods with
contemporary research development of science and technology.
CLOs
1
2
3
4
5
6
7
8

1
X
X
X
X
X
X
X

2
X
X
X
X
X
X

3
X
X
X
X
X
X
X
X

PLOs
4
X
X
X
X
X
X
X
X

5

X
X

6
X
X
X
X
X
X

7

X
X
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Course Code and Title PHYS 270. Computational Physics with Laboratory
Course Descriptor
Students will acquire the basic skills for numerically solving various
physics and engineering problems and analyzing data using modern
computational techniques. These include finding roots of systems of
algebraic equations, numerical interpolation, and extrapolation of data,
numerical differentiation, and integration, Fourier transforms,
numerical diagonalization of matrices, numerical simulations of
physical phenomena governed by differential equations as well as
common techniques for analyzing and plotting data.

Course LOs

Pre-Reqs: (CSCI 150 OR CSCI 151) (C- and above) AND MATH
263 (C- and above) AND (PHYS 162 OR PHYS 172) (C- and above)
Co-Reqs: MATH 273 (C- and above)
By the end of the course the student will be able to:
1. Use numerical methods for solving mathematical problems that
appear in physics and other areas of science and engineering
2. Write flexible, efficient, and practical code in a modern Python
programming language
3. Analyze and plot data
4. Write reports in a scientific style.
CLOs
1
2
3
4

1
X
X

2
X
X
X

3
X
X

PLOs
4

5

X
X
X

X

6
X

7

X
X

Course Code and Title PHYS 280. Thermodynamics and Statistical Physics
Course Descriptor
This course will cover major topics of probability, kinetic theory of
gases, transport phenomena, laws of classical thermodynamics and
statistical mechanics to emphasize the description of measurable
macroscopic thermal properties of matter within canonical and grand
canonical ensembles directly from classical laws of thermodynamics
and from microscopic behavior of individual atoms or molecules
analyzed in the framework of statistical mechanics. We will focus on
probability, statistical methods, available micro-states, temperature,
Boltzmann and Maxwell-Boltzmann velocity distributions, molecular
effusion, collision times and transport processes (viscosity, thermal and
concentration diffusion), thermodynamics laws, energy, heat engines,
entropy, equations of state, thermodynamic potentials, chemical
potential, Gibbs factor and phase changes, partition function, photons
and phonons, ideal and real gases, quantum and relativistic statistics.
The applications of this subject are ranging from material science,
nanoscale heat transport, electronics and photonics, cryogenics, vacuum
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technology, pyrometry and chemical reactions to random and stochastic
processes, astrophysics and financial markets.

Course LOs

Pre-Reqs: MATH 263 (C- and above) AND (PHYS 162 OR PHYS
172) (C- and above)
By the end of the course the student will be able to:
1. Apply abstract physical reasoning, mathematical tools and
scientific creativity to tackle problems in advanced topics of
thermal and statistical physics.
2. Formulate appropriate solutions by relating macroscopic
measureable thermal phenomena and properties to the
microscopic level.
3. Use problem solving and research skills in advanced topics of
thermal and statistical physics while working independently and
in teams.
4. Defend reasoning and effectiveness of selected approach during
problem solving and in-class sessions and perceive the practical
applications of learned concepts.
5. Employ technical writing and oral communication skills and
demonstrate the ability to meet the deadlines, exercise ethical and
professional conduct.
CLOs
1
2
3
4
5

1
X
X
X
X

2
X
X
X
X

3

PLOs
4
X
X
X
X
x

5

X
X

6
X
X
X
X
X

7

X
X

Course Code and Title PHYS 315. Mathematical Methods of Physics
Course Descriptor
The aim of this course is to expose the students on the basic theory of
Complex Analysis, Fourier Analysis, Partial Differential Equations,
and train them to solve relevant physical problems. The topics of the
course may include Hilbert Spaces, Special functions, Laplace
Transforms, Green’s functions and Sturm-Liouville problems. Some of
the recitations might take place in a computer lab with the aim to
familiarize the students with Wolfram Mathematica computing system.

Course LOs

Pre-Reqs: (PHYS 162 OR PHYS 172) (C- and above) AND MATH
274 (C- and above)
By the end of the course the student will be able to:
1. Employ good knowledge of theorems of complex analysis, Fourier
series and transforms and partial differential equations.
2. Solve basic mathematical problems in complex analysis and partial
differential equations.
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3. Apply good command of the common mathematical techniques
employed in electrodynamics, mechanics, optics and quantum
mechanics.
4. Navigate and orient in more advanced mathematical techniques;
use them when required in the course of a research project.
CLOs
PLOs
1
2
3
4
5
6
7
1
X
X
X
X
2
X
X
X
3
X
X
X
X
4
X
X
X
X
X
Course Code and Title PHYS 361. Classical Electrodynamics I
Course Descriptor
This course elaborates the interaction of electrostatic and magnetostatic
fields with different types of matter and formulates mathematical
methods for solving problems in various geometries. The connection is
drawn of the observed and analyzed effects with applications at the
static regime. The electromagnetic waves are introduced in unbounded
space for signal propagation.

Course LOs

Co-Reqs: (PHYS 315 OR PHYS 411) (C- and above)
By the end of the course the student will be able to:
1. Employ basic concepts of Electrostatics, Magnetostatics, and the
field- matter interaction.
2. Interpret natural electromagnetic effects under the prism of state-ofthe-art applications.
3. Develop analytical and compositional strategy to treat advanced
problems under time pressure.
4. Prepare project reports properly referenced, professionally
presented and in accordance with the international research
standards.
CLOs
1
2
3
4

1
X
X
X

2
X
X
X

3

PLOs
4
X
X
X
X

5

X
X

6

7

X
X

Course Code and Title PHYS 362. Classical Electrodynamics II
Course Descriptor
This course elaborates the treatment of advanced electrodynamic
phenomena involved in light-matter interactions. The major topics
include mathematical methods for the forward solving of the formed
boundary value problems and the optimization techniques implemented
in the inverse design of simple electronic and photonic systems.
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Course LOs

Pre-Reqs: PHYS 361 (C- and above)
By the end of the course the student will be able to:
1. Employ basic concepts of electromagnetic waves and their
propagation in the materials of arbitrary properties (metamaterials).
2. Make the connection between the reported electrodynamic effects
and modern photonic application via the extensive study of current
bibliography.
3. Develop analytical and compositional strategy to treat advanced
problems under time pressure.
4. Prepare project reports on open research topics being properly
referenced, professionally presented and in accordance with the
international research standards.
CLOs
1
2
3
4

1
X
X
X

2
X
X
X

3

PLOs
4
X
X
X
X

5

X
X

6

7

X
X

Course Code and Title PHYS 370. Optics with Laboratory
Course Descriptor
This course offers an intermediate treatment of the behavior and
properties of light, including geometrical and physical optics, elements
of laser theory and applications. This is a self-contained mathematically
challenging course of basic optics, which assumes that the students are
familiar with the Maxwell’s equations and the derivations of
electromagnetic waves. The course includes sufficiently detailed
coverage of geometrical optics and optical instruments, and included
elements of interaction of light with matter. The following topics will
be covered: ray and Fourier optics, interference and diffraction,
polarization, scattering and dispersion, light coherence and operation
principles of optical instrumentation. The course includes 3 hours of
lectures per week and several laboratory sessions.

Course LOs

Pre-Reqs: PHYS 361 (C- and above)
By the end of the course the student will be able to:
1. Employ electromagnetic theory foundations of modern optics and
articulate the concepts of diffraction, interference and coherence.
2. Use the principles of geometrical optics and their applications to
lenses, mirrors and optical devices.
3. Navigate and articulate the basics of lasers.
4. Explain the concept of interference and interferometry.
5. Solve the diffraction problems for single and multiple slits in
Fraunhofer and Fresnel approximations; explain the basic setup of
spectrometer and resolution of optical imaging.

21

6.
7.
8.

Make use of basic concepts of Fourier optics and Abe theory of
optical imaging.
Employ experimental and data analysis skills in modern optics
laboratory while working individually and in teams.
Relate the optics concepts and methods with contemporary
research development of science and technology.
CLOs
1
2
3
4
5
6
7
8

1
X
X
X
X
X
X
X

2
X
X
X
X
X
X

3
X
X
X
X
X
X
X
X

PLOs
4
X
X
X
X
X
X
X
X

5

X
X

6
X
X
X
X
X
X

7

X
X

Course Code and Title PHYS 395. Research Methods
Course Descriptor
This course is designed to introduce students to basic research methods
in physics that are essential in everyday research work in modern
academic, industrial, and government environments. Physics Faculty
will share their experiences in theoretical, computational, observational,
and experimental methods. The topics may include characteristics of
good research, science ethics, science funding, research proposals,
gathering and critical evaluation of scientific information, various tools
and software, bibliometrics and scientometrics, writing scientific
reports and white papers, publication process in peer-reviewed journals,
preparing technical oral presentations, dissemination of research results,
proprietary vs open science, science policies and advocacy, public
outreach, and others.
Course LOs
By the end of the course the student will be able to:
1. Orient in diverse physics topics, distinguishing theoretical,
computational, observational, and experimental methods.
2. Collect, analyze, and summarize scientific information from
various sources.
3. Write a technical report structured as a research paper or
conference abstract.
4. Prepare and deliver coherent presentation on physics topic.
CLOs
1
2
3
4

1
X
X

2
X
X

3

PLOs
4
X
X
X
X

5

6
X

X
X

7
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Course Code and Title PHYS 451. Quantum Mechanics I
Course Descriptor
In this course, students learn the basics of non-relativistic quantum
mechanics. The course introduces the concept of the wave function, its
interpretation, and covers the topics of potential wells, potential
barriers, quantum harmonic oscillator, and the hydrogen atom. Next, a
more formal approach to quantum mechanics is taken by introducing
the postulates of quantum mechanics, quantum operators, Hilbert
spaces, Heisenberg uncertainty principle, and time evolution. The
course ends with topics covering the addition of angular momenta, spin,
emergence of energy bands in periodic systems, and some basic aspects
of many-body quantum mechanics, such as the indistinguishability of
identical particles and electron orbitals in atoms.

Course LOs

Pre-Reqs: PHYS 221 (C- and above) AND PHYS 361 (C- and above)
By the end of the course the student will be able to:
1. Articulate basic concepts of quantum mechanics, such as the
wave function, superposition of states, probabilistic nature of
measurements, uncertainty, etc.
2. Use and explain the mathematical language of quantum
mechanics.
3. Solve the Schrödinger equation for the bound states of simple
model systems in 1D and 3D, such as particle in the box, quantum
harmonic oscillator.
4. Describe infinite motion in 1D and calculate the transmission and
reflection probabilities. Describe basic time-evolution of quantum
systems.
5. Use the general concept of angular momentum and be able to
describe states with different orbital angular momenta and spin.
Apply the rules of addition of angular momenta.
6. Describe the behavior of particles with spin in a uniform
magnetic field.
7. Describe and use basic symmetries in quantum mechanics, such
as the permutational symmetry of identical particles.
8. Explain the basic structure of atoms. Explain the emergence of
energy bands in simple periodic systems.
9. Explore current experimental frontiers involving quantum
mechanics.
10. Employ a broad view on the application of quantum theory in
modern technology.
CLOs
1
2
3
4
5

1
X
X
X
X
X

2
X
X
X
X
X

3

PLOs
4
X
X
X
X
X

5

6
X
X
X
X
X

7
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6
7
8
9
10

X
X
X
X
X

X
X
X
X
X

X
X

X
X
X
X
X

X
X
X
X
X

Course Code and Title PHYS 452. Quantum Mechanics II
Course Descriptor
This course covers several widely used approximate methods of
quantum mechanics: the variational method (including the Hartree-Fock
approach), stationary and time-dependent perturbation theory,
semiclassical approximation, and adiabatic approximation. In the
framework of these methods some important applications will be
considered, such as the fine structure of atomic energy levels, chemical
bonding, theory of alpha-decay, selection rules for dipole transitions,
Rabi oscillations, etc. Students will also learn the basics of quantum
scattering theory. If time permits, some elements of relativistic quantum
mechanics and/or the formalism of second quantization may be
considered.

Course LOs

Pre-Reqs: PHYS 451 (C- and above)
By the end of the course the student will be able to:
1. Articulate basic concepts of quantum mechanics, such as the basis
states, transition probability, geometric phase, etc.
2. Apply the variational principle to approximate the wave function
of a quantum system.
3. Develop the perturbation theory series to solve the Schrödinger
equation.
4. Describe the dynamics and obtain transition probabilities between
the states of a system subjected to a weak time-dependent
perturbation.
5. Describe relativistic effects in quantum systems and discuss their
applications.
6. Connect quantum and classical mechanics in the limit when
characteristic action is smaller than the Planck constant.
7. Use the partial wave analysis and Born approximation to study
basic scattering properties of quantum systems.
8. Explain the adiabatic approximation and use it to explain quantum
dynamics of simple quantum systems.
9. Explore current experimental frontiers involving quantum
mechanics.
10. Employ a broad view on the application of quantum theory in
modern technology.
CLOs
1

1
X

2
X

3

PLOs
4
X

5

6
X

7
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2
3
4
5
6
7
8
9
10

X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X

X
X

X
X
X
X
X
X
X
X
X

Descriptors for Elective Courses offered by Physics Department
Course Code and Title PHYS 201. Introductory Astronomy I
Course Descriptor
This course presents an overview of introductory-level astronomy for
general science and non-science majors. It will broadly cover our
present understanding of the Universe. The topics covered are: (i) the
methods and tools used in astronomy, (ii) a brief history of astronomy,
(iii) the content of the universe from ‘small’ to ‘large’ scales, namely
from the solar system, to stars, interstellar medium, galaxies and the
universe as a whole.

Course LOs

Registration requirements: Year 2 and up
By the end of the course the student will be able to:
1. Locate our position in the universe and recognize different
astronomical phenomena.
2. Explain how our image of the universe evolved from ancient to
present times.
3. Make practical and effective use of the interplay between theory and
observation in astronomy.
4. Recognize how different phenomena are interconnected and how
they produce the phenomena we observe.
CLOs
1
1
2
3
4

2

3

PLOs
4
X
X
X
X

5

6
X

7

X
X

X
X

Course Code and Title PHYS 202. Introductory Astrophysics
Course Descriptor
In the course the students will learn the basic tools of modern
astrophysics in one specific domain of study. The course content will
focus on one or more of the following topics that are currently at the
forefront of research in astrophysics: (i) energetic phenomena in the
universe, such as neutron stars and black holes, (ii) the big bang and the
evolution of the universe, (iii) stellar structure and evolution, from the
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birth of stars to supernovae, (iv) the solar system: formation, structure
and exploration, (v) the search for extrasolar planets and habitable
worlds.

Course LOs

Registration requirements: Year 2 and up
By the end of the course the student will be able to:
1. Solve simple problems in physics to describe astronomical
phenomena.
2. Explain how physics determines the evolution of astronomical
phenomena.
3. Make practical and effective use of the interplay between theory and
observation in astrophysics.
4. Recognize how different phenomena are interconnected and how
they produce the phenomena we observe.
CLOs
1
2
3
4

1
X
X
X

2
X
X

3

PLOs
4
X
X

5

6

X

X
X

X

X

7

Course Code and Title PHYS 291. Introduction to Quantum Technologies
Course Descriptor
This course offers broad introduction into emerging quantum
technologies. The first part of the course covers past century of “the first
quantum revolution”: the foundations, principles, and paradoxes of q.(quantum) mechanics, from superposition and Schrodinger cats, to
tunneling and interference of particles, uncertainty, entanglement,
qubits, teleportation, etc. The second part of the course introduces “the
second quantum revolution”, emerging in the last 25 years, where
foundations of q.-mechanics is put to work in rapidly developing
technologies. We discuss the major trends in q.-science, such as q.information, q.-communication and cryptography, q.-computing and
simulations, q.-metrology, sensing, and imaging. The state of the art and
future challenges of q.-technologies will be illustrated with recent
examples, such as extremely fast q.-computers, extremely precise q.clocks, and extremely secure q.-communication lines. The course will
conclude with brief discussion of our expectations for q.-technologies,
public perceptions and market needs.
Course LOs
By the end of the course the student will be able to:
1. Apply acquired knowledge and developed skills to understand
qualitatively the basic principles of quantum mechanics and
quantum information.
2. Collect and critically analyze information related to quantum
technologies from various sources, including textbooks and media.
3. Communicate complex concepts of quantum physics in a simple and
accessible way.
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4. Estimate and navigate the importance, perspectives and limitations
of different quantum technologies.
CLOs
1
2
3
4

1
X

2

3

X
X

PLOs
4
X
X
X
X

5

X
X

6
X
X
X
X

7
X
X

Course Code and Title PHYS 299. Research Project and Internship
Course Descriptor
Research project or internship, supervised by an NU Physics
Department faculty member or by a scientist not belonging to the NU
Physics Department. In the latter case, an NU Physics Department
faculty member should approve the project in the beginning and then
assign the grade at the end. The project itself may take place at a location
outside of Nazarbayev University.
Course LOs
By the end of the course the student will be able to:
1. Apply physics concepts and methods using critical thinking.
2. Employ knowledge and skills to understand, set-up and solve
qualitatively problems related to the project scope.
3. Collect and analyze data and/or information from external sources.
4. Prepare coherent report based on the accepted standards.
CLOs
1
2
3
4

1
X
X

2
X
X

3
X
X

PLOs
4

X
X

5

6

7

X

X

X
X

Course Code and Title PHYS 399. Physics Research Project
Course Descriptor
Research project approved and supervised by NU Physics Department
faculty member.
Course LOs
By the end of the course the student will be able to:
1. Apply physics concepts using critical and scientific thinking.
2. Solve qualitatively the problems related to the project scope.
3. Collect, analyze, and summarize data and information from
external sources.
4. Deliver coherent report based on the accepted standards.
CLOs
1
2
3
4

1
X
X

2
X
X

3
X
X

PLOs
4

5

X
X

X
X

6

7

X

X
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Course Code and Title PHYS 411. Advanced Mathematical Physics
Course Descriptor
This course covers advanced mathematical methods necessary for the
progression of students into their research and 400 level theoretical
physics courses such as condensed matter physics, solid state physics,
general relativity, quantum mechanics II and statistical mechanics.
After a short review of vector analysis, the students will be exposed to
tensor analysis and to the basic elements of differential geometry. In
next step, a brief introduction to group theory will be delivered using
examples from quantum mechanics and special relativity. The second
part of the course consists of the perturbation theory and calculus of
variations. Finally, in the third part the basic theorems of probability
and statistics are to be studied. Students will build a skill set which will
enable them to efficiently use mathematical tools in a wide range of
very different advanced theoretical physics problems.

Course LOs

Pre-Reqs: (PHYS 162 OR PHYS 172) (C- and above) AND MATH
274 (C- and above)
By the end of the course the student will be able to:
1. Apply strong command of the main advanced mathematical
techniques used in different areas of physics;
2. Apply advanced techniques to find solutions for challenging
physics problems encountered in other 400 level courses and
during their research;
3. Employ methods of mathematical physics in other areas of science
and engineering.
4. Identify and analyze the mathematical methods employed in a
physics scientific paper.
CLOs
1
2
3
4

1
X
X

2
X
X
X

3
X
X

PLOs
4
X
X
X

5

6
X

7

X
X

X

Course Code and Title PHYS 433. Introduction to Biophysics
Course Descriptor
This course deals with the physical aspects of biological phenomena.
The students will have the opportunity to apply physics and
mathematics in order to explore the physical mechanisms of life at a
microscopic level. The students will first learn about the basic structure
of cells and then study different stochastic cellular processes which take
place such as random walks, friction, and diffusion. Thermodynamics’
rules will be incorporated in the picture and the students will have the
opportunity to learn how these apply into living structures including
cells, viruses and neurons. Several other topics may be included in this
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course such us neural networks, vision, transport etc with the specific
selection made by the instructor.

Course LOs

Pre-Reqs: PHYS 280 (C- and above)
By the end of the course the student will be able to:
1. Apply acquired knowledge and developed skills to analyze simple
stochastic cellular processes.
2. Model and solve biophysical problems using thermodynamics.
3. Communicate the basic concepts of biophysical systems from the
perspective of a physicist.
2. Acquire knowledge on the open physical questions regarding
biological systems and be able to communicate the principal
challenges of this field.
CLOs
1
2
3
4

1
X
X

2
X
X

3

PLOs
4

5

X
X

6
X
X
X
X

7

Course Code and Title PHYS 443. Introduction to Chemical Physics
Course Descriptor
This course deals with the physical aspects of chemical systems and
phenomena. The topics include the quantum principles behind chemical
bonding, electronic structure of matter, molecular symmetry and
spectroscopy, principles of NMR spectroscopy, intermolecular
interactions, description of liquids, chemical kinetics, and reaction
dynamics.

Course LOs

Pre-Reqs: PHYS 280 (C- and above) AND PHYS 451 (C- and above)
By the end of the course the student will be able to:
1. Describe basic concepts relevant to the quantum nature of atoms
and molecules.
2. Identify molecular symmetries. Explain and predict some
molecular properties based on symmetry.
3. Apply the valence bond theory and molecular orbital theory to
qualitatively explain properties of molecules.
4. Use quantum chemistry software to investigate basic properties of
multi-electron systems.
5. Describe the rotational, vibrational, and electronic spectra of
molecules.
6. Explain the NMR spectra of molecules.
7. Explain intermolecular interactions. Provide basic description of
liquid matter.
8. Describe basic reaction mechanisms and reaction dynamics.
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9. Explore current experimental frontiers involving chemical
systems at the molecular level.
10. Employ a broad view on the application of physical chemistry in
modern technology.
CLOs
1
2
3
4
5
6
7
8
9
10

1
X
X
X
X
X
X
X
X
X
X

2
X
X
X
X
X
X
X
X
X
X

3

PLOs
4
X
X
X
X
X
X
X
X
X
X

5

X
X

6
X
X
X
X
X
X
X
X
X
X

7

X
X

Course Code and Title PHYS 453. Introduction to Particle Physics
Course Descriptor
The course covers the classification and the interaction of fundamental
particles existing in nature. The topics include the overview of the
Standard Model, accelerators and particle detection techniques with the
discussion of the latest discoveries in this field.
Course LOs
By the end of the course the student will be able to:
1. Apply fundamental concepts of particle physics and explore
properties of atomic nuclei and their implementations.
2. Use advanced concepts of particle acceleration, detection, and
measurements of particles properties, their relations with particle
reactions at high energies and particle decays.
3. Explain how the electromagnetic interactions work.
4. Explain how the strong and weak interactions work.
5. Evaluate comparably all three fundamental electromagnetic,
strong and weak interactions.
6. Critically assess what can one learn from particle physics
concerning astrophysics and the Universe as a whole
7. Relate the Particle physics concepts and methods with
contemporary research development.
CLOs
1
2
3
4
5
6
7

1
X
X
X
X
X
X

2
X
X
X
X
X

3
X
X
X
X
X
X
X

PLOs
4
X
X
X
X
X
X
X

5

X
X

6
X
X
X
X
X

7

X
X
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Course Code and Title PHYS 463. Astrophysics and General Relativity
Course Descriptor
The content of this course includes topics related to modern
understanding of astrophysics. These may include stellar formation and
evolution, high energy phenomena such as supernovae, relativistic
astrophysics, including neutron stars, black holes and cosmology.

Course LOs

Pre-Reqs: (PHYS 162 OR PHYS 172) (C- and above) AND PHYS
221 (C- and above) AND MATH 274 (C- and above)
By the end of the course the student will be able to:
1. Solve simple problems in astrophysics to describe the main
features of some phenomena.
2. Relate the solutions of equations relevant for astrophysics to the
observed phenomena.
3. Make practical and effective use of the interplay between theory
and observation in astrophysics.
4. Develop and select appropriate mathematical tools to solve a
problem.
CLOs
1
2
3
4

1
X
X
X

2
X
X

3

PLOs
4
X
X

5

6

X

X
X

X

X

7

Course Code and Title PHYS 465. Advanced Experimental Physics
Course Descriptor
This is an advanced laboratory course developing modern experimental
research skills in physical sciences. Students will gain hands-on
experience in designing and setting up experiments in various areas of
physics such as: thermodynamics and mechanics; optics and laser
techniques; condensed matter physics and semiconductor devices;
nuclear, particle and plasma physics; electronics and high-voltage
techniques.

Course LOs

Pre-Req: PHYS 370 (C- and above)
By the end of the course the student will be able to:
1. Apply critical thinking to advanced physics concepts;
2. Collect and analyze data using research-grade scientific equipment;
3. Use theoretical concepts and mathematical techniques to process
experimental data;
4. Summarize and communicate experimental results in a written
report;
5. Employ collaborative skills by working in a small team.
CLOs
1

2

3

PLOs
4

5

6

7
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1
2
3
4
5

X
X
X
X

X
X
X
X

X
X

X
X
X
X

X
X
X

X
X
X

Course Code and Title PHYS 473. Introduction to Solid State Physics
Course Descriptor
This course will cover the fundamentals of solid-state physics spanning
from structural, mechanical, vibrational, thermal, electric, magnetic and
optical properties of solid-state crystalline and non-crystalline materials
(metals, semiconductors and insulators). Critical applications in
nanotechnology, solid-state devices, thermal and electrical energy
transport & conversion, and materials characterization techniques will
also be treated. A grasp of fundamental and advanced principles and
techniques in condensed matter physics is very important in much of
modern applied physical sciences, high-technology as well as
fundamental research.

Course LOs

Pre-Reqs: PHYS 280 (C- and above) AND PHYS 451 (C- and above)
By the end of the course the student will be able to:
1. Employ rigorous physical reasoning to convert the knowledge of
the fundamental laws of solid-state physics into qualitative and
quantitative description of studied phenomena.
2. Relate corresponding phenomena and properties of various solidstate materials to their microscopic level.
3. Solve simple problems of solid-state physics to describe the main
features of some phenomena.
4. Communicate complex concepts of solid-state physics in a simple
and accessible way.
CLOs
PLOs
1
2
3
4
5
6
7
1
X
X
X
X
2
X
X
X
X
3
X
X
X
X
4
X
X

Course Code and Title PHYS 474. Lasers and Photonics
Course Descriptor
This advanced modern optical physics course is designed for senior (4th
year) undergraduate students majoring in Physics and Engineering.
Since the demonstration of Light Amplification by Stimulated Emission
of Radiation (LASER) in the early 60’s, laser-matter interaction is a
vast topic at the foundation of modern physics, from laser cooling of
atoms and solids to next-generation atomic time/frequency standards,
high-resolution laser spectroscopy and optical precision measurements,
quantum information processing and computing, etc. Laser devices
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have invaded our daily life with numerous implications in optics-based
modern technologies, such as trace-gas detection, biomarkers sensing,
atmospheric LIDAR, optical tweezers in biomedicine, data readout and
printing, to name a few. Understanding the various properties of laser
light – as compared to incoherent white light – and how it can interact
with quantum particles such atoms, ions, molecules or active dielectric
or photonic materials is an essential step in apprehending modern
coherent optical and photonics technologies.

Course LOs

Pre-Reqs: PHYS 370 (C- and above)
By the end of the course the student will be able to:
1. Employ fundamental principles of light-matter interactions
(absorption, stimulated and spontaneous emission, homogeneous
and inhomogeneous atomic line broadening, saturation
phenomenon in an atomic medium etc…)
2. Establish phenomenologically and solve quantitatively the laser
rate equations governing laser coherent emission, for a 2-level, 3level and 4-level inverted medium.
3. Use qualitatively the principle of operations of various scientific or
industrial lasers (based on solid-state, semiconductor, gas-phase or
liquid-phase laser media).
4. Employ basic properties of a passive (Fabry-Perot type) or active
optical cavities or resonators and calculate the physical properties
of a laser resonator using matrix-formulation of geometrical optics
(ABCD law).
5. Use basic knowledge of the principles of Doppler or sub-Doppler
laser spectroscopy
6. Utilize various applications of coherent lasers in science, life
science, industry, entertainment.
7. Exercise sense of rigor, logic and deduction when tackling a
problem, and develop their analytical reasoning skills in problemsolving.
8. Apply communication, reporting and writing skills by writing clear
and soundly-argued solutions to problems.
CLOs
1
2
3
4
5
6
7
8

1
X
X
X
X
X
X
X

2
X
X
X
X
X
X
X

3

PLOs
4
X
X
X
X
X
X
X
X

5

X
X
X

6
X
X
X
X
X
X
X

7

X
X
X
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Course Code and Title PHYS 476. Topics in Material Science
Course Descriptor
This course elaborates on advanced research topics related to
investigation of optical, mechanical, thermal, magnetic and structural
properties and phenomena in solid and soft matter as a result of their
interaction with coherent continuum wave, fast and ultrafast pulse laser
radiation. Advanced materials characterization techniques with high
spatio-temporal resolution will be covered engaging far-field and near
field laser optics with various material science applications, including
nanotechnology. We will focus on the following advanced topics: lasers
and their role in non-destructive materials characterization and photonic
sensing, optical properties (reflection, Kramers-Kronig relations,
refraction, transmission, ellipsometry), Raman spectroscopy for
chemical, stress and vibrational studies, Brillouin spectroscopy and
laser ultrasonics for elastic, visco-elastic and magnetic property
assessment, spectral radiometry for high temperature thermometry and
phase transition studies, picosecond time- and frequency-domain and
modulated continuum wave thermoreflectance for nano- and microscale thermal transport in materials, including in irradiated materials,
surface plasmon-enhanced spectroscopies for nanoscale metrology.

Course LOs

Pre-Reqs: PHYS 473 (C- and above)
By the end of the course the student will be able to:
1. Apply abstract physical reasoning, mathematical tools and
scientific creativity to tackle problems in advanced topics of
material science
2. Formulate appropriate solutions by relating investigated
phenomena and properties of matter to optical response at various
spatio-temporal scales.
3. Use problem solving and research skills in advanced topics of
material science while working independently and in teams.
4. Defend reasoning and effectiveness of selected approach during
problem solving and in-class sessions and perceive the practical
applications of learned concepts.
5. Employ technical writing and oral communication skills and
demonstrate the ability to meet the deadlines, exercise ethical and
professional conduct.
CLOs
1
2
3
4
5

1
X
X
X
X

2
X
X
X
X

3

PLOs
4
X
X
X
X
x

5

X
X

6
X
X
X
X
X

7

X
X
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Course Code and Title PHYS 483. Statistical Mechanics
Course Descriptor
Statistical Mechanics provides a microscopic description of
macroscopic phenomena using probability theory and statistical
methods. Due to the large number of particles in a physical system
(thermodynamic limit), the related probability distributions are very
sharp so that macroscopic observables are sufficiently represented by
averaged microscopic quantities. The applicability of the concepts of
Statistical Mechanics is very broad spanning from thermodynamics and
condensed matter as well as to chemistry, biology, economics, and
engineering science.
Course LOs
By the end of the course the student will be able to:
1. Use the concepts of statistical mechanics and their approximations
making a statistical description possible.
2. Derive the Fokker-Planck equation for any well-defined potential
function.
3. Solve problems related to statistical mechanics
4. Qualitatively describe the passage from quantum to the classical
thermodynamic regime.
5. Numerically simulate the thermalization process of a physical
system.
CLOs
1
2
3
4
5

1
X
X
X

2
X
X
X

X

3
X

X

PLOs
4
X
X
X
X
X

5

6

7

X
X
X
X

X

X

Course Code and Title PHYS 491. Directed Study of Advanced Physics Topics
Course Descriptor
Directed study of advanced physics topics supervised by Physics
Faculty. At the end of the course student provides Project Report
describing main activities and results of the project, as well as
supervisor’s short summary with the final grade suggestion.
Course LOs
By the end of the course the student will be able to:
1. Apply physics concepts, including from other classes, using critical
and scientific thinking.
2. Solve qualitatively problems related to the project scope using
gained knowledge and developed skills.
3. Collect and analyze data and/or information from external sources.
4. Prepare coherent report based on the accepted standards.
5. Meet the deadlines developing effective learning habits and
discipline necessary to promote life-long learning.
CLOs
1

2

3

PLOs
4

5

6

7
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1
2
3
4
5

X
X

X
X
X

X
X
X
X

X
X
X
X

Course Code and Title PHYS 495. Physics Colloquium
Course Descriptor
This colloquium exposes senior physics students to the topics of modern
physics research. The presentations are made by both visiting and local
scientists.
Course Los
By the end of the course the student will be able to:
1. Navigate and orient in different sub-field of physics.
2. Collect and analyze information from external sources.
3. Participate in a scientific discussion based on the accepted standards.
CLOs
1
2
3

1
X
X

2
X
X

3

PLOs
4

X

5

6

7

X

X

X

Course Code and Title PHYS 498. Honors Thesis Research
Course Descriptor
The course is designed to monitor progress and develop understandings
and skills to plan and conduct independent research at the Bachelor of
Sciences level. The student will perform a research project under
supervision of Physics Faculty. Honors Thesis Research constitutes a
partial fulfillment and pre-requisite for the Honors Thesis course. The
research plan will be used as a basis for the assessment of the student's
research progress.
The registration requirement is: Instructor approval.
Course LOs
By the end of the course the student will be able to:
1. Apply advanced physics concepts and methods using critical and
scientific thinking.
2. Employ acquired knowledge and skills to understand, set-up and
solve qualitatively problems related to the project scope.
3. Collect and analyze data and information from variable external
sources.
4. Write a scientific report, in accordance with accepted standards,
coherently summarizing own research results.
5. Meet the deadlines developing effective learning habits and
discipline necessary to promote life-long learning.
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CLOs
1
2
3
4
5

1
X
X
X
X
X

2
X
X
X
X

3
X
X
X
X

PLOs
4
X
X
X
X
X

5

X
X
X

6
X
X
X
X
X

7
X
X
X

Course Code and Title PHYS 499. Honors Thesis
Course Descriptor
This is a substantive research project assigned by a Physics Faculty
supervisor. The project is to be concluded with a written Honors thesis,
which is a comprehensive report on the research problem, background,
experimental or theoretical results and analysis. The thesis is to be
presented by the student in an open public setting and to be evaluated
jointly by the project's supervisor and by another Physics Department
faculty member.

Course LOs

The registration requirement is: Instructor approval.
By the end of the course the student will be able to:
1. Apply advanced physics concepts and methods using critical and
scientific thinking.
2. Employ acquired knowledge and skills to understand, set-up and
solve qualitatively problems related to the project scope.
3. Collect and analyze data and information from variable external
sources.
4. Write a scientific report, in accordance with accepted standards,
coherently summarizing own research results.
5. Develop and deliver a technical presentation assessable to peers and
specialists.
6. Meet the deadlines developing effective learning habits and
discipline necessary to promote life-long learning.
CLOs
1
2
3
4
5
6

1
X
X
X
X
X

2
X
X
X
X

3
X
X
X

X

PLOs
4
X
X
X
X
X
X

5

X
X
X
X

6
X
X
X
X

7

X

X

X
X

37

2. Progression
The major components of the Program are designed to ensure the depth of acquired knowledge in
physics as well as the breadth of liberal arts education aiming to achieve Nazarbayev University
Graduate Attributes. During first two years the student will cover most of the courses required by the
UG Core Curriculum Framework, including natural sciences, communication, humanities, social
sciences and entrepreneurship. During these years the sequence of the basic courses of the Physics
Core will be delivered, including physics and mathematics courses. Each required course must be
passed with C- or better. Starting from year 3 students will be gradually exposed to the choices of
elective courses, including specialized Major electives, Technical electives providing the breadth of
knowledge in natural sciences and engineering, and General electives in any other subjects that
students wish to explore.
The fourth year of the program is designed to promote a deeper understanding of specific areas in
physics through specialized courses utilizing research integrated teaching. Students who are eligible
for Honors Track will develop and conduct their individual research project starting either from 3rd
year Summer or 4th year Fall semester and defend their thesis by the end of the Spring semester of the
fourth year. Throughout the program, students will be exposed to a variety of teaching and active
learning approaches, including problem solving and team-based learning sessions, practical
demonstrations, workshops, and hands-on training in several technological approaches during
laboratories. Overall, the B.Sc. in Physics program is designed to enable intellectual challenges,
promote critical thinking and problem-solving skills, as well as practical expertise in techniques and
technologies. By the end of the program, students will have gained solid physics science knowledge
and practical experience built upon a broad academic experience with disciplinary thinking and skills
through shared experiences.
3. Program Completion Requirements
All Physics Major students need to complete at least 240 ECTS credits of course work and fulfill the
following requirements, based on the list of courses in Curriculum section 6.1 above
-- Complete 78 ECTS credits of UG Core Curriculum Framework Courses;
-- Complete Physics Core Courses, including PHYS (78 ECTS) and MATH (30 ECTS) courses;
-- Complete 24 ECTS credits of Major Electives, including at least three PHYS courses of 400 level;
-- Complete 18 ECTS credits of Technical Electives, including at least one course at the 300-level;
-- Complete 12 ECTS credits of General electives.
Physics Majors choosing Honors Track complete the research project under supervision of Physics
Faculty starting with Honors Thesis Research course (PHYS 498) during 3rd year Summer and/or 4th
year Fall semesters. Students write the thesis according to international standard and publicly defend
it at the end of 8th semester, thus completing Honors Thesis course (PHYS 499).
All B.Sc. students are required to achieve continuously, during the B.Sc. degree program, a CGPA
and semester GPA of 2.00 (C) or higher to satisfy the criteria of Good Academic Standing and
maintain their normal status in the program. Failing to maintain the required CGPA or semester GPA
condition may place the student on academic probation. At the end of one semester of academic
probation, students are subject to dismissal from NU if they have not achieved the necessary
conditions as stated above to return to Good Academic Standing. In exceptional cases the School’s
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Dean may recommend to extend academic probation for a second semester based on evidence of
improvement, overall academic progress, the student’s potential to return to Good Academic Standing
and eventually to graduate on time. Under no circumstances may a student be on academic probation
more than two consecutive semesters or for more than three semesters in total. It is expected that most
B.Sc. students will complete the program within four years, however, it is possible to extend to a fifthyear if they are unable to meet graduation requirements by the end of the last semester of their final
year and are expected to be able to complete their degree with one additional year of study.

7. Assessment Strategies
1. Assessment
The program assessment methods for B. Sc. in Physics Program include formative, continuous and
summative outcome measures to assess competency achievements of students.
Program Assessment Method
Homework Problem Solving
Lab report
Quiz
Oral presentation
Project report
Midterm Exam
Final Exam
Honors Thesis
2. External Reviewers

PLO l
X
X
X
X
X
X
X
X

PLO 2
X

PLO 3

PLO 4

X

PLO 5

PLO 6
X

X

PLO 7
X

X
X
X
X
X
X

X

X
X

X

X
X

X

X
X
X

X
X
X
X

An external reviewer who is a world-class expert in the discipline will be invited to review the
content of the program, send feedback and comments.

8. Student Support
1. Academic Support
A main supervisor, who is a member of the SSH faculty will be assigned to each student in the
beginning of Year 2. The students’ academic advisors, the academic advising unit and the Program
Director will help students to develop their study plans, and to promote the successful completion of
the students’ program by providing constructive input to facilitate the students’ academic progress.
Meeting student’s career goals is enabled by shared goals of faculty members and highachieving students. A visible and quantifiable commitment to student success is exemplified by the
number of students being admitted into graduate programs of high-ranking universities abroad,
supported by individual faculty grants as part-time research assistants during Summer terms,
conference attendance, research internships abroad or prizes won at scientific competition. Highachieving students can and do utilize these and other resources to target their career goals and build a
network of contacts, which will enable them in their career transition.
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Early intervention programs can help low-achieving students to get back on track. In the firstyear, academic achievement and class attendance can be a predictor of future success. With that in
mind, we monitor students consistently throughout the semester and can respond quickly. We know
how to identify "red flags" absenteeism, poor grades, and early behavioral changes. Continuous
communication between the academic advising unit, academic advisors, the program director, and the
Vice Dean for Academic Affairs will identify low-achieving students for early intervention. If
necessary, students will be referred to counseling services provided by the Department of Student
Affairs.
2. Career and Internship Support
Students will benefit from a number of contacts with the international scientific community as well
as industry. Strong scientific ties have already been established with other outside bodies engaged in
research. Internships can help students to make decisions about their future career paths. Therefore,
all students will have the opportunity to apply for either credit-bearing internships or sanctioned
internships. The latter are non-credit-bearing but identified as being a valuable learning experience
by Career Advising Center (CAC) to gain a practical hands-on work experience in the students’ field
of interest. Students will be also encouraged to attend Professional Development Workshops
organized by CAC, SSH or the Department and to consult with their academic advisors on career
options.

9. Student Admission
1. Student Enrollment Projections
The number of students enrolled each year will be largely commensurate with the availability of
government-sourced stipends paid through the university. The table below shows the projected new
admissions to the B.Sc. in Physics program based primarily on the current capacity, previous
enrollment numbers and projected staff hiring. An overall attrition rate of 15%-20% is realistic given
the projected growth of the program and transfer trends to other programs within and across Schools
among first year students. By providing a high quality BSc program in Physics, NU will be an
attractive choice for international candidates from different countries such as countries in Central
Asia, Russia, China, and countries in the Middle East and Africa.
2019-2020 2020-2021 2021-2022 2022-2023
25
26
28
31
Students Admitted
Continuing Students (Year 2)
24
25
30
Continuing Students (Year 3)
23
28
Continuing Students (Year 4)
22
25
21
24
Students Graduating
2. Student Recruitment
Student recruitment is conducted by the Admissions Office of NU working closely and
collaboratively with SSH. The Department of Physics will utilize on-line advertising, printed media
and engage in outreach activities in coordination with the Admissions Office and Marketing
Department. Nazarbayev Intellectual School and secondary school students constitute the primary
target group followed by secondary schools in selected cities of neighboring countries. The
Department of Physics will form an internal B.Sc. student recruitment committee that will prepare
and update information about the program on the SSH website. It will also create content to be
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disseminated in print and social media in Kazakhstan, engage in recruitment visits and open day
information events.
3. Admission Standards
Admission standards conform to all university procedures regarding undergraduate admission. NU
undergraduate admission requirements will be used for admitting students to the program. Up to date
minimum requirements for graduates or students of the final year of secondary school, colleges, UK
Foundation program and graduates of A-level program, graduates and holders of NIS Grade 12
Certificate, graduates and holders of IВ Diploma Program, higher education institution’s students,
and for the winners of the International or/and Republican Subject Olympiads are posted on the
undergraduate admissions webpage of NU Admissions Department (https://nu.edu.kz/admissions/).
List of the applicants’ documents for online admissions registration:
1.
Application form.
2.
Electronic copy of passport or national ID, or birth certificate for applicants under the age
of 16.
3.
Electronic copy of nationally recognized certificate stating completion of a secondary
school, technical, vocational or post-secondary school or bachelor’s degree certificate with
transcript (if available at the time of documents submission) or a certificate from the secondary
school, technical, vocational or post-secondary schools according to the sample in personal
account of applicant (in case the applicant is a current student of the final year of secondary
school) at the time of online application..
4.
Electronic copy of NIS Grade 12 certificate or its academic reports with predicted scores
acknowledged by the school with obligation to submit the hard copies of the document in due
time (only for graduates of NIS Grade 12 Certificate).
5.
Electronic copy of IB Diploma Programme with transcript or predicted scores
acknowledged by the school with obligation to submit the hard copies of the document in due
time (only for IB Diploma Programme graduates).
6.
Personal Statement in English.
7.
Valid (no more than 3 years at the moment of online application) official certificate of SAT
Reasoning Test with essay in electronic version or hard copy of ACT with Writing Results (if
available, with obligation to submit official electronic results). In case the applicant provides
several valid SAT Reasoning Test certificates, the Superscoring will be applied.
8.
Valid (no more than 3 years at the moment of online application) official certificate of SAT
Subject Test results in electronic version (if available, with obligation to submit official electronic
results). In case the applicant provides several valid SAT Subject Test certificates, the
Superscoring will be applied.
9.
Valid (no more than 2 years at the moment of online application) official electronic version
of IELTS/TOEFL certificate (if available, with obligation to submit official electronic results).
10. Electronic copy of Diploma/certificate of International and/or Republican Olympiad (only
for International Olympiad winners indicated in Appendix 2 to these Regulations).
11. Electronic copy of transcript from the university attended in original language and English
or academic reports with predicted scores acknowledged by the university attended (only for
transfer students).
12. Electronic copy of course description of studied courses/subjects from university attended
in both English and original languages (only for transfer students).
13. Two electronic academic reference letters in English (only for transfer students).
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10. Program Funding
1. Financial Sustainability
The B.Sc. program is fully funded by state grants of the Republic of Kazakhstan. In the future, all
NU schools are expected to charge tuition fees. The tuition fee of the B.Sc. program in Physics will
be based on the market conditions and the competitive positioning of the program. At that time the
B.Sc. will aim to recruit a mix of government-funded and self-financed students. The admission
requirements will remain the same for both groups of students, but the Nazarbayev University
educational grant will be given to qualified applicants on a competitive basis. Students who will be
offered admission to the program without Nazarbayev University educational grant will be asked to
support themselves or could be provided with a scholarship, which covers from 50% to 100% of
tuition costs.
2. Student Financial Assistance
Applicants admitted to the B.Sc. program, except applicants who previously received a degree under
the state educational order or under the Bolashak international scholarship are eligible for Nazarbayev
University educational grant. The grant covers tuition fees, a monthly stipend and guaranteed
compensation money for travel in accordance with the current legislation of the Republic of
Kazakhstan. Top international candidates recommended by the Admissions Committee might receive
the merit-based Abay Kunanbayev scholarship which cover tuition fee, medical insurance and a
monthly stipend. In addition, students will have an option to be hired during summer as Research
Assistants to supplement their income while developing their research and interpersonal skills. Since
this support is funded through research grants awarded to faculty members is subject to availability.

11. Academic Staff Requirements
1. Faculty Requirements
Currently, 16 full-time faculty members comprising one Instructor, three Assistant Professors, seven
Associate Professors, two Professors, and three postdocs will be available to deliver the program.
Name: Daniele
Malafarina,
Associate
Professor

Course

PhD in
Physics,
Politecnico de
Milano, 2006

Area of
Expertise
Supervisor
Experience

School: SSH

Recent
publications

Physics I for Scientists and Engineers with Lab (PHYS 161)
Physics II for Scientists and Engineers with Lab (PHYS162)
Introductory Astronomy I (PHYS 201)
Introductory Astrophysics (PHYS 202)
Classical Mechanics I (PHYS 221)
Classical Mechanics II (PHYS 222)
Astrophysics and General Relativity (PHYS 463)
Classical Theoretical Physics, Mathematical Physics
NU BSc: Batyr Ilyas, Dalila Saulebekova, Alibi Sansyzbay
Current students: Diana Kulubayeva (3rd year), Raiymbek
Imangalyev (3rd year), Sultan Abylkairov (masters)
https://research.nu.edu.kz/en/persons/daniele-malafarina/
CVs are enclosed.
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Constantinos
Valagiannopo
ulos, Associate
Professor
PhD in
Electromagnet
ic Theory,
2009, National
Technical
University of
Athens
(NTUA)

Course

School:SSH

Recent
publications

https://research.nu.edu.kz/en/persons/constantinos-valagiannopoulos

Alexander
Tikhonov,
Associate
Professor

Course

PhD in
Chemical
Physics, 2006,
University of
Pittsburgh

Area of
Expertise
Supervisor
Experience

School:SSH

Recent
publications

Physics I for Scientists and Engineers with Lab (PHYS 161)
Physics II for Scientists and Engineers with Lab (PHYS162)
Classical Electrodynamics I (PHYS 361)
Classical Electrodynamics II (PHYS 362)
Modern Physics with Laboratory (PHYS 261)
Optics with Laboratory (PHYS 370)
Advanced Experimental Physics (PHYS 465)
Introduction to Solid State Physics (PHYS 473)
Topics in Material Science (PHYS 476)
Accelerator and Plasma physics, Material Science and
Nanotechnology, Photonics.
Supervised: 1 PhD student and 1 bachelor student (USA); at NU
supervised 4 postdocs, 1 PhD student, 2 MS students and several
BS students;
Currently supervising 3 postdocs, 2 PhD students and 1 MS
student.
https://research.nu.edu.kz/en/persons/alexander-tikhonovvladimirovich
CVs are enclosed.

Area of
Expertise
Supervisor
Experience

Physics I for Scientists and Engineers with Lab (PHYS 161)
Physics II for Scientists and Engineers with Lab (PHYS162)
Classical Electrodynamics I (PHYS 361)
Classical Electrodynamics II (PHYS 362)
Photonics, Metamaterials, Graphene, Inverse Design, Quantum
Engineering
Current Students
● Dr. Athanasios Papadimopoulos: September 2016 – now
External advisor for his doctoral thesis on “Graphene,
Microstrips and Absorbers”.
● Mr. Adilkhan Sarsen: October 2017 – now
● Mr. Arsen Sheverdin: October 2017 – now
● Mr. Aivar Abrashuly: October 2017 – now
● Mr. Yertay Zhiyenbayev: October 2018 – now
● Mr. Aidynbek Tussipzhan: October 2018 – now
● MSc.Tilek Zhumabek: September 2019-now
● Mr. Dias Tulegenov: September 2019-now
Past Students
● Mr. Zhenisbek Tagay September 2017 – June 2018
Current graduate student at Johns Hopkins University.
● Mr. Alisher Duspayev January 2018 – July 2018
Current graduate student at the University of Michigan.
CVs are enclosed.
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Anton
Desyatnikov,
Full Professor,
Chair of the
Department

Course

Physics I for Scientists and Engineers with Lab (PHYS 161)
Physics II for Scientists and Engineers with Lab (PHYS162)
Introduction to Quantum Technologies (PHYS 291)
Research project and internship (PHYS 299)
Research Methods (PHYS 395)
Physics Research Project (PHYS 399)
Directed Study of Advanced Physics Topics (PHYS 491)
Honors Thesis Research (PHYS 498)
Honors Thesis (PHYS 499)
Nonlinear Optics, Photonics, Quantum Physics

PhD in Laser
Physics, 2000,
Moscow State
Engineering
Physics
Institute

Area of
Expertise
Supervisor
Experience

School: SSH

Recent
publications

Aikaterini
Mandilara,
Assistant
Professor

Course

PhD in
Physics, 2005,
Washington
University in
St. Louis
School: SSH

Area of
Expertise
Supervisor
Experience
Recent
publications

https://research.nu.edu.kz/en/persons/aikaterini-mandilara
CVs are enclosed.

Ernazar
Abdikamalov,
Associate
Professor

Course

PhD in
Astrophysics,
2009, SISSA,
Italy

Area of
Expertise
Supervisor
Experience

Physics I for Scientists and Engineers with Lab (PHYS 161)
Physics II for Scientists and Engineers with Lab (PHYS162)
Introductory Astronomy I (PHYS 201)
Introductory Astrophysics (PHYS 202)
Computational Physics with Laboratory (PHYS 270)
Mathematical Methods of Physics (PHYS 315)
Astrophysics and General Relativity (PHYS 463)
Computational Physics, High-performance computing,
Theoretical Physics and Astrophysics. Fluid dynamics.
Currently supervising: Tair Askar (NU)
Previous co-supervising experience: Dr. Oleg Korobkin
(Louisiana State University), Dr. Sarah Gossan (Caltech)

Number of UG and MSc students supervised to completion;
7 PhD supervised, including Dr. Bernd Terhalle (2010), summa
cum laude thesis published in Springer Theses: Recognizing
Outstanding PhD Research (2011); Dr. Daniel Leykam (2015),
The Bragg Gold Medal for Excellence in Physics (2017).
https://research.nu.edu.kz/en/persons/anton-desyatnikovsergiyovich/
CVs are enclosed.
Physics I for Scientists and Engineers with Lab (PHYS 161)
Physics II for Scientists and Engineers with Lab (PHYS162)
Introduction to Quantum Technologies (PHYS 291)
Mathematical Methods of Physics (PHYS 315)
Advanced Mathematical Physics (PHYS 411)
Quantum Mechanics I (PHYS 451)
Quantum Mechanics II (PHYS 452)
Quantum Physics, Photonics
Supervised and advised 4 BSc, 2 MSc and 1 PhD students
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Previous MS students:
Shapagat Berdibek (NU, Physics Department),
Ayan Nussupbekov (NU, Physics Department)
https://research.nu.edu.kz/en/persons/ernazar-abdikamalov
CVs are enclosed.

School: SSH

Recent
publications

Sergiy Bubin,
Associate
Professor

Course

PhD in
Physics (minor
in Chemistry),
University of
Arizona, 2006
School: SSH

Area of
Expertise
Supervisor
Experience

Physics I for Scientists and Engineers with Lab (PHYS 161)
Physics II for Scientists and Engineers with Lab (PHYS162)
Classical Mechanics I (PHYS 221)
Classical Mechanics II (PHYS 222)
Computational Physics with Laboratory (PHYS 270)
Introduction to Chemical Physics (PHYS 443)
Quantum Mechanics I (PHYS 451)
Quantum Mechanics II (PHYS 452)
Atomic and Molecular Physics, Computational Physics, Highperformance Computing.
2 postdocs (including 1 current), 2 MS students (including 1
current), 9 BS students (including 1 current)

Recent
publications

https://research.nu.edu.kz/en/persons/sergiy-bubin/
CVs are enclosed.

Jean-Jacques
Zondy, Full
Professor

Course

PhD in
Physics, 1986,
University of
Paris-Sud XI
(Orsay,France)

Area of
Expertise
Supervisor
Experience

Physics I for Scientists and Engineers with Lab (PHYS 161)
Physics II for Scientists and Engineers with Lab (PHYS162)
Optics with Laboratory (PHYS 370)
Advanced Experimental Physics (PHYS 465)
Lasers and Photonics (PHYS 474)
Lasers, Optics and Photonics, nonlinear optics, nonlinear optical
materials, precision measurements in optics
Fully supervised 12 PhDs since 1989 (France); 8 Postdocs and
12 MSc students for their internship thesis

Recent
publications

https://research.nu.edu.kz/en/persons/jean-jacques-zondy
CVs are enclosed

Mikhail
Denisseniya,
Instructor

Course

Ph.D. in
Theoretical
Physics, 2015,
University of
Graz, Austria
School: SSH

Area of
Expertise
Supervisor
Experience

Physics I for Scientists and Engineers with Lab (PHYS 161)
Physics II for Scientists and Engineers with Lab (PHYS162)
Computational Physics with Laboratory (PHYS 270)
Mathematical Methods of Physics (PHYS 315)
Advanced Mathematical Physics (PHYS 411)
Mathematical Physics

School: SSH

Recent
publications

Advising BSc students

https://research.nu.edu.kz/en/persons/mikhail-denissenya
CVs are attached.
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Thomas
Oikonomou,
Assistant
Professor

Course

Physics I for Scientists and Engineers with Lab (PHYS 161)
Physics II for Scientists and Engineers with Lab (PHYS162)
Thermodynamics and Statistical Physics (PHYS 280)
Mathematical Methods of Physics (PHYS 315)
Statistical Mechanics (PHYS 483)
Statistical Physics and Thermodynamics

PhD in
Statistical
Mechanics,
2008,
University of
Athens
School: SSH

Area of
Expertise
Supervisor
Experience

Recent
publications

https://research.nu.edu.kz/en/persons/thomas-oikonomou/
CVs are attached.

Michael Good,
Associate
Professor

Course

PhD, 2011,
University of
North Carolina
at Chapel Hill)

Area of
Expertise
Supervisor
Experience

Physics I for Scientists and Engineers with Lab (PHYS 161)
Physics II for Scientists and Engineers with Lab (PHYS162)
Introductory Astronomy I (PHYS 201)
Introductory Astrophysics (PHYS 202)
Classical Electrodynamics I (PHYS 361)
Classical Electrodynamics II (PHYS 362)
Astrophysics and General Relativity (PHYS 463)
Quantum Fields, Gravitation, Thermodynamics

School: SSH

Recent
publications

https://research.nu.edu.kz/en/persons/michael-good-robertrogers/
CVs are attached.

Zhandos
Utegulov,
Associate
Professor

Course

PhD, 2003,
Oklahoma
State
University
School: SSH

Area of
Expertise
Supervisor
Experience
Recent
publications

Physics I for Scientists and Engineers with Lab (PHYS 161)
Physics II for Scientists and Engineers with Lab (PHYS162)
Modern Physics with Laboratory (PHYS 261)
Thermodynamics and Statistical Physics (PHYS 280)
Optics with Laboratory (PHYS 370)
Introduction to Solid State Physics (PHYS 473)
Topics in Material Science (PHYS 476)
Laser-based material science, fast and ultrafast photoacoustic
and photothermal techniques, laser spectroscopy, optical sensing
Supervisor of 4 postodcs, co-adviser of 2 PhD students, adviser
of 2 MS students and 5 BS students
https://research.nu.edu.kz/en/persons/zhandos-utegulov/
www.amrelat.nu.edu.kz
CVs are attached.

1 Post-doc, 1 PhD student, 3MSc students, 1 BSc student

1 Post-doc, 1 PhD student, 3 MSc students, 4 BSc students
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Askhat
Jumabekov,
Assistant
Professor

Course

PhD, 2014,
Ludwig
Maximilian
University of
Munich
School: SSH

Area of
Expertise
Supervisor
Experience
Recent
publications

Physics I for Scientists and Engineers with Lab (PHYS 161)
Physics II for Scientists and Engineers with Lab (PHYS162)
Modern Physics with Laboratory (PHYS 261)
Introduction to Solid State Physics (PHYS 473)
Topics in Material Science (PHYS 476)
Solid state and condensed matter physics, material science,
optoelectronics, nano- and micro-fabrication, semiconductor
device physics.
2 Postdoc, co-supervisor of 5 PhD students, 3 Bsc students and 2
MSc students
https://research.nu.edu.kz/en/persons/askhat-jumabekov/
CVs are attached.

2. New Staff Appointments
The Department expects two new Faculty members at the level of Assistant Professor to join in August
2020 and in January 2021, respectively.
3. Staff Development Needs
All faculty are internationally known experts in their respective area of teaching and research and
have active research projects. There is a wealth of expertise and trained personnel already in place
and no special training for faculty is required. At the same time, faculty will be encouraged to engage
in professional development training.
4. Additional Staffing
Taking into account the growing number of students, the complexity of the curriculum requirements
and the variety of different courses at different levels with different requisites the Department is
requesting from the School additional academic advising support for helping students to develop
their study plans and learning pathways.

12. Resources
1. Library Resources
The required lists of books and journals are provided in the library. Also, new books and journals are
regularly submitted to the library for purchasing. The Library’s collection of books and journals
covers various areas of Physics education and research now and continues to grow each year
thereafter. NU library also has an extensive subscription to electronic databases which is comparable
to the internationally leading universities and its capacity is sufficient to provide students the majority
of necessary periodic literature. Specialist texts may be required but these are expected to be provided
via the research groups with which the students are working and also through interlibrary loans.
2. IT Resources
No specialist resources are required for the program, though individual research projects may require
specific software or resources. These will be arranged through the student's supervisor.
3. Facilities
No additional facilities are required for the B.Sc. program in Physics. Classroom, experimental lab
space and computational lab space for the program is adequate. Furthermore, in 2018 a new C4
research building with 17,000 m2 space opened its doors for research in different areas of science and
engineering. The building is fully equipped with modern instruments and facilities that provide the
necessary capacity to conduct world class research. Different equipment for Physics related research
are/will be added to this research building. Further, teaching equipment and laboratories are available
in SSH and in the other schools to support studies for Physics and other cognate disciplines.
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13. Quality Assurance and Enhancement
1. Program Design and Approval
Modifications of the program is reviewed by the departmental Curriculum Committee. The
modification or new program proposal will then be submitted and presented to the SSH Teaching and
Learning Committee and Academic Quality Enhancement Committee for review and approval. An
external advisor shall be consulted before modification proposal is finalized. Finally, the modified
program must be approved by the NU Academic Council.
Internal quality assurance: Evaluations of individual course elements are carried out via
questionnaire, completed by students at the end of each course element. From each course element,
a report will be written with a summary of the outcome, an action plan of the lecturer in the form of
proposed changes to the course element and of the effect of previous measures, undertaken following
a previous evaluation. Annual Program Monitoring is used to capture all stakeholder inputs.
2. Continuous Improvement
According to the NU Academic Quality Framework, the degree will be subject to annual program
monitoring The departmental Undergraduate Curriculum Committee shall facilitate the quality
monitoring, review and discussions on modifications for improvements with active involvement of
faculty members. Continuous assessment of the quality of program delivery and general compliance
with NU’s Quality Assurance Framework will be conducted through reviewing syllabi and course
content to be deposited by course instructors into departmental file sharing folder, student feedback
questionnaires, instructor reports and responses to student feedback, faculty peer reviews and exit
survey of graduates upon completion of the program by each cohort. An annual program monitoring
report shall be prepared by a departmental Undergraduate Curriculum Committee together with Chair
of the Department, and submitted after the completion of each academic year. The report shall be
reviewed and approved by the School's Teaching and Learning Committee before being forwarded to
the Dean for endorsement.

14. Accreditation
1. Professional/Accrediting Bodies
N/A
2. Accreditation Standards
N/A

15. Supplementary Information
1. Supporting Material
1. External reviewer’s feedback with regard to the proposed program;
2. Recommendations by the School Teaching and Learning Committee;
3. Dean’s formal letter to support this Proposal covering: the rationale for the introduction of the
program; arrangements made to assure the availability of academic staff and other resources (IT,
library, facilities, laboratories, equipment, and technology) to offer a quality program.
2. E-Learning
N/A
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APPROVAL SHEET/КЕЛІСУ ПАРАҒЫ/ ЛИСТ СОГЛАСОВАНИЯ
PROPOSAL FORM FOR AN ACADEMIC PROGRAM / АКАДЕМИЯЛЫҚ
БАҒДАРЛАМАНЫ БЕКІТУ ФОРМАСЫ / ФОРМА ДЛЯ УТВЕРЖДЕНИЯ
АКАДЕМИЧЕСКОЙ ПРОГРАММЫ

Item/
Атауы/
Наименование

Structural subdivision/
Құрылымдық бөлімшенің
атауы/
Наименование структурного
подразделения

Name and signature
of a responsible
person, date of
approval/
Т.А.Ж., жауапты
тұлғаның қолы,
визаның қойылған
күні/
Ф.И.О., подпись
ответственного
лица, дата
визирования

DEVELOPMENT/
ӘЗІРЛЕУ/
РАЗРАБОТКА

REVIEW/
КЕЛIСУ/
СОГЛАСОВАНИЕ

Legal Department
Заң департаменті
Юридический департамент
Department of Documentational
Support
Құжаттамамен қамтамасыз
ету департаменті
Департамент
документационного
обеспечения

Bakyt Abisheva
Б.Абишева
Leila Nurgaziyeva
Л.С. Нургазиева

Position, name and
signature of a resp.
person, date of
approval /
Лауазымы,
Т.А.Ж., нақты
орындаушының
қолы, визаның
қойылған күні /
Должность,
Ф.И.О., подпись
конкретного
исполнителя, дата
визирования

