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Doctor of Philosophy Program in Theoretical Physics and Natural Philosophy
(International Program / New Program B.E. 2566)

Name of Institution Mahidol University
Campus/Faculty/Department Nakhon Sawan Campus/Centre for Theoretical Physics and
Natural Philosophy

Section 1 General Information
1. Curriculum Name
English  Doctor of Philosophy Program in Theoretical Physics and Natural Philosophy
(International Program)

. [ [ a o a a aa 4 a (Y a (Y a
Thai NANGNIUIVY B UUNG @19 NIWINANENG B UazUITYITITUYIR (MANFRTUIUITIA)

2. Name of Degree and Major

Full Title English: Doctor of Philosophy (Theoretical Physics and Natural Philosophy)
Abbreviation  English: Ph.D. (Theoretical Physics and Natural Philosophy)
Full Title Thai: USvaauidaudin @andngugiavUsvesssunia)

Abbreviation  Thai: Us.a. (Endnguiuavusve1sssuia)

3. Major Subjects (if any)

None

4. Required Credits
4.1 Plan 2.1 For students with Master's Degree: not less than 49 credits
4.2 Plan 2.2 For students with Bachelor's Degree: not less than 73 credits
5. Curriculum Characteristics
5.1 Curriculum type/model: Doctoral degree
5.2 Language: English
5.3 Recruitment: Both Thai and international students

5.4 Collaboration with Other Universities: This program is Mahidol University’s program.

5.5 Graduate Degrees Offered to the Graduates: One degree

6. Curriculum Status and Curriculum Approval
6.1 Program new B.E. 2566
6.2 Starting in semester 1, academic year 2023 onwards

6.3 Approval in principle by Mahidol University Council in its 579 meeting on April 20, 2022



6.4 Curriculum screening committee approved the program in its meeting 42/2565 on August
28, 2022.
6.5 The Mahidol University Council approved the program in its meeting 586 on November

16, 2022.

7. Readiness to Implement/Promote the Curriculum
The curriculum from the program is readily implemented and promoted its quality
and standard according to criteria set by Thai Qualification Framework for Higher Education 2009

in academic year 2568.

8. Career Opportunities of the Graduates
8.1 An academician or an expert in universities, government or private institutions.
8.2 A researcher in theoretical physics in research institutions.
8.3 A quantitative model analyst in financial institutions, private companies, other
institutions which acquire knowledges in physics, complex system, environment, social

system, economics and finances.

9. Name, ID Number, Title and Degree of the Faculty in Charge of the Program

No. Identification Card Degree (Field of Study) Department
Number University: Year of graduate
Academic position -

Name - Surname

T | XXO0KXRXXK=XKX Ph.D. (Cosmology) Nakhon Sawan
Professor Dr. Burin University of Portsmouth, U.K.: 2003 | Campus/Centre for
Gumjudpai M.Econ. (Financial Economics) Theoretical Physics and

National Institute of Development | Natural Philosophy
Administration, Thailand: 2020

M.Sc. (Physics)

University of Sussex, U.K.: 1999

B.S. (Physics)

Chiang Mai University, Thailand: 1996

2| XOKXXXXKXKX Ph.D. (Physics) Nakhon Sawan
Lecturer Dr. Nandan Roy | Indian Institute of Science Education | Campus/Centre for
and Research Kolkata, India.: 2015 Theoretical Physics and
M.Sc. First Class (Physics) Natural Philosophy
Vidyasagar University, India: 2008




No.| Identification Card Degree (Field of Study) Department
Number University: Year of graduate
Academic position -

Name - Surname

B.Sc. First Class Hons. (Physics)
Vidyasagar University, India: 2006

3| XOKXXXKXK-XKX Ph.D. (Physics) Nakhon Sawan
Lecturer Dr. Pradeep University of Delhi, India: 2016 Campus/Centre for
Bhadola M.Sc. First Class (Physics) Theoretical Physics and
University of Delhi, India: 2008 Natural Philosophy

B.Sc. First Class Hons (Physics)
University of Delhi, India: 2006

10. Venue for Instruction

Centre for Theoretical Physics and Natural Philosophy , Mahidol University, Nakhon Sawan

Campus

11. External Factors to Be Considered in Curriculum Planning
11.1  Economic Situation/Development
Technological progress in fields such as informatics, communication, biology,
energy, environment, and medical science etc. have delivered us our convenience and economic
growth both in production and consumer sides which in turn effect our everyday life. The
economics growth with too little concern in wealth distribution leads to inequality problem both
of wisdom and traditional wealth. Educating people so that they have enough wisdom to navigate
the unequal world with disruptive change would mitigate such problem.
11.2  Social and Cultural Situation/Development
Wisdom inequality is another reflection the educational opportunity. The
inequality leads to inappropriate interpretation of tradition, history, nation and democracy which
evidently reflect in our political unrest. The education that, develop more wholistic view and
analytical competency enough to create “ literacy” not only usage of technology, would

contribute toward solving such issues via wisdom inequality reduction.

12. The Effects Mentioned in No.11.1 and 11.2 on Curriculum Development and Relevance
to the Missions of the University/Institution
12.1  Curriculum Development
Centre for Theoretical Physics and Natural Philosophy aware that the wisdom and wealth
inequality lead to others issues such political unrests, crimes, environments, epidemics and

above all the state and social institution failures. Thus, the Centre develops curriculum to train




workforce in theoretical physics capable of criticize and contemplate knowledges of systems in
nature, in which we refer as natural philosophy. The graduates not only going to be the
workhorse of theoretical physics, which is quite in a scarcity, but they will be bridges that
connect many disciplines together to form new knowledge and fill in the gaps.

12.2 Relevance to the Missions of the University/Institution
Mission of Mahidol University is:

(1) Continuously research and support research to construct, develop knowledge, and
implement for the benefits of Thailand and the university.

(2) Produce graduates according to the Thailand Education Scheme, the National Economic
and Social Development Plan with emphasis on knowledge, professional competence,
ethic, social awareness and self-development.

(3) Promote, apply and develop academics and higher profession.

(4) Provide medical, academic and professional service at international standard.

(5) Research and development for continuously improve learning process.

(6) Support and motivate personnel from other institutions to participate in construction,
development and being transferred of knowledge.

(7) Collaborate with other institutions aligned with mission (1) to (6)

(8) Support religions, arts, traditions and sustainably used of environment.

The production of graduates in this field, those have the level of understanding and

knowledge enough to contribute to society both professionally, socially and academically via

research and knowledge transfer, would be in line with mission (1), (2), (3), (6) and (7).

13. Collaboration with Other Curricula of the University (if any)
Doctor of Philosophy Program in Physics, Department of Physics, Faculty of Science, Mahidol
University.
13.1 Course(s) offered by other faculties/departments/ programs: none
13.2 Course(s) offered to other programs: none
13.3 Coordination:

Joint graduate seminar will be organized once or twice per semester.



Section 2 Information of the Curriculum

1. Philosophy, Justification, and Objectives of the Curriculum
1.1 Philosophy and Justification of the Curriculum

Philosophy of the Curriculum

The curriculum focusses on natural phenomena and other phenomena research
using theoretical physics paradigm at the profound level of international standard by aiming at
students’ ability to see integrated structure in physic principle so that the students are able to
ask questions not only to the theory of nature but also the nature of theory itself. Thus, the
students are capable of applying and integrating theoretical physics to study systems of natures
and systems of other disciplines. The result is professional ethical fully aware academic leaders.

Justification of the Curriculum

The progress in knowledge of various disciplines has eluded us, humanity, that we
can, almost, contemplate the natural and social phenomena. However, no matter how advance
physics have become the almost forgotten question on what the knowledge is, on what the
paradigm is, on what shape of theories are, on what the nature of the theory is not yet fully
addressed. The criticism is questioning logical soundness of facts and knowledge. If one could be
critical about knowledge, paradigm, theories, and the one could notice what should be features
of the theory of interest with ability to see the connection among various disciplines then the
new paradigm emerge with one question remain to be addressed: can one discover the theory
of theories. The study of philosophy of nature, social system included, could borrow paradigm
and theories from science to arrive at rather more complete the social science and vice versa.

The discipline of theoretical physics has well defined paradigm and theories but
training on how to critique and analogue study of other systems both within and across discipline
are relatively unfocused unlike developing of mathematical skills. The ability to critique and make
such analogies will extend area of theoretical physics application e.g., the usage of thermal
complex non-equilibrium system and statistical mechanics of interacting individuals and
collective phenomena to explain strategic competition in economic system, application of
electrical circuit to the internal communication system in an institute, and towards the
understanding of the peace and conflict via theoretical physic lens one could start at constructing
different domain of thought and analyze the instability and stress of such system. Other
applications include attempts to understand catastrophe, system with rapid change, via physical
phenomena such as the butterfly effect and emergent phenomena; in explaining phase change
of an institution, inflation, unemployment in macroeconomic terms one may study the system
using statistical mechanics and network theory and with the same lens one may also study DNA
molecule and irrigation system.

Currently Thailand is in shortage of theoretical physicists who possess ability to

apply viewpoint in physics to solve issue in other disciplines such as social science, economics,



logistic, irrigation and biology as formerly mentioned. According to the National Economic and

Social Development Plan, the thirteenth plan (2022-2026), there is an emphasize on systematic

knowledge management which include application of a suitable integrated knowledge and

technologies. Therefore, the curriculum focuses on the study of fundamental in physics and

frontier of knowledge in the field so to create the level of understanding which allows integrating

usage of physics and critical consideration on the nature of knowledge and theories. The

curriculum aims to

develop academic leaders of international standard who possess great

research potential and profound knowledge in physics enough to teach in graduate level.

1.2 Objectives of the Program
By the end of the study, students :

1.21

1.2.2

1.23

1.24

1.2.5

1.3 Program
1.3.1

1.3.2

133

1.3.4

1.3.5

possess morals and ethics such as ability to resolve conflict of interests,
being honest by not conducting plagiarism in academic work, realization in
rights and duties of citizen.

possess deep knowledge and contemplating the unite structure of
theoretical physics.

possess self-motivation in studying, good skills in analyzing and synthesizing
of theoretical physics knowledge.

possess self-control ability, duty and personal responsibility, social relation
building capacity, understanding and realization of roles in teamwork as
leader and team members and acting accordingly to the roles

possess abilities to interpret, communicate (including listening, reading,
speaking and writing), select appropriate statistical and mathematical tools
in modeling and problems solving, and use computational skills and
information technology appropriately

Learning Outcomes (PLOs)

Understanding of rights and duties of themselves as a citizen of a country
and of the world, and possessing moral and theoretical physics professional
values.

Having profound knowledge and understanding core principles of theoretical
physics.

Having intellectual characters and skills in logically criticizing, analyzing and
synthesizing theoretical physics knowledge or philosophical concepts of
natural systems.

Having skills in building relation in team working environment and showing
self-responsibility and open-minded perspective.

Having good skills in communication, information technology and data

analyzing with appropriate mathematical and statistical tools.

2. Plan for Development and Improvement



Plan for Development/Revision

Strategies

Evidences/Indexes

1. Developing modern curriculum

with international standard.

1. Evaluating curriculum
every 2-year period

2. Bench mark the
curriculum with other
world leaders such as
Perimeter Institute for
Theoretical Physics, SISSA,
DAMTP University of
Cambridge

1. Evaluation reports
2. Documents of

curriculum development

2. Developing academic excellence

for faculties.

1. Arranging academic
seminar.

2. Encouraging faculties to
participate in advance
training both internally

and externally.

1. Frequency of which
each faculty member
attends academic
conference/ advance
training (at least 1 such

attendance per annum)




Section 3 Educational Management System,

Curriculum Implementation, and Structure

1. Educational Management System
1.1 System: Two Semester Credit system. 1 Academic Year consists of 2 Regular
Semesters, each with not less than 15 weeks of study.
1.2 Summer Session: None.
1.3 Credit Equivalence to Semester System: None.
2. Curriculum Implementation
2.1 Teaching Schedule Weekdays from Monday to Friday (08:00 A.M. — 4:00 P.M.)
- Semester 1 August — December
- Semester 2 January - May
2.2 Qualifications of Prospective Students
Plan 2.1 For students with Master's Degree
1) Holding a Master’ s Degree in theoretical physics, applied physics,

mathematical physics, engineering and other related subjects
accredited by the Office of the Higher Education Commission.

2) Having cumulative GPA not less than 3.50

3) Have and English Proficiency Examination score as the requirement of
Faculty of Graduate Studies

4) Students without any qualifications under 2 and 3 may be granted at
the discretion of the Program Administrative Committee and the Dean

of the Faculty of Graduate Studies.

Plan 2.2 For students with Bachelor's Degree

1) Holding a Bachelor’s Degree in theoretical physics, applied physics,
mathematical physics, engineering and other related subjects
accredited by the Office of the Higher Education Commission.

2) Having cumulative GPA not less than 3.50

3) Have and English Proficiency Examination score as the requirement of

Faculty of Graduate Studies

4) Students without any qualifications under 2 and 3 may be granted at
the discretion of the Program Administrative Committee and the Dean

of the Faculty of Graduate Studies.
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2.3 Problems Encountered by New Students

231

2.3.2 Financial difficulties

Insufficient background knowledge in physics and mathematics.

2.4 Strategies for Problem Solving/Limited Requirements in No.2.3

Problems of New Students

Strategies for Problem Solving

Insufficient background knowledge in physics

and mathematics.

Arrange teaching activities in form of
academic service to fill the knowledge or

skill gaps.

Financial difficulties

Monitoring opportunities for
scholarship/funding from Mahidol University,

National Astronomical Research Institute of

Thailand, National Research Council of
Thailand, and others as such.
2.5 Five-Year-Plan for Recruitment and Graduation of Students
(1) Plan 2.1 For students with Master's Degree
Academic Year 2023 2024 2025 2026 2027
1t 2 3 a4 5
2" 2 3
3¢ 2 4
Cumulative numbers 2 5 9 12 14
Expected number of students 2 3 a4
graduated
(2) Plan 2.2 For students with Bachelor's Degree
Academic Year 2023 2024 2025 2026 2027
1 2 3 3
2" 2 2 3
3 2 2
4t 2 2
5t 2
Cumulative numbers 2 4 6 9 12
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Expected number of students 2

graduated

2.6 Budget based on the plan

Budget: The budget is from Centre for Theoretical Physics and Natural Philosophy Mahidol
University.

(1) Plan 2.1 For students with Master's Degree

Estimated income per student

Registration fee

Qualifying examination 4,200
Tuition (13 credits) 117,000
Dissertation (36 credits) 54,000
Dissertation research fee 300,000
Total income per student 475,200

Estimated expenses

Variable expenses per student
Position allowance for qualifying examination committee 4,200
College/university allocation 23,400
Position allowance of dissertation advisor and committee 54,000
Total variable expenses per student 81,600

Fixed expenses (3 years)

Program director payment (5,000/months 36 months) 180,000
Teaching payment (1,000/hours 12 credits) 180,000
Utility fee (approx. 5,000/months 36 months) 180,000
Position allowance for distinguished curriculum 20,000

evaluating committee
Accommodation and travelling expense for 12,000

distinguished curriculum evaluating committee

Material fee 36,000

Total Fixed expenses 608,000
Number of students at break-even point 1.54 persons (3 years period)
Cost of students at break-even point 385,600  Baht
Expenses per student per academic year 128,533.33 Baht

(2) Plan 2.2 For students with Bachelor's Degree
Estimated income per student
Registration fee

Qualifying examination 4,200
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Tuition (25 credits) 225,000
Dissertation (48 credits) 72,000
Dissertation research fee 300,000
Total income per student 601,200

Estimated expenses

Variable expenses per student

Position allowance for qualifying examination committee 4,200

College/university allocation 45,000
Position allowance of dissertation advisor and committee 72,000
Total variable expenses per student 121,200

Fixed expenses (5 years)
Program director payment (5,000/months 60 months) 300,000
Teaching payment (1,000/hours 25 credits) 375,000
Utility fee (approx. 5,000/months 60 months) 300,000
Position allowance for distinguished curriculum 20,000

evaluating committee
Accommodation and travelling expense for 12,000

distinguished curriculum evaluating committee

Material fee 60,000

Total Fixed expenses 1,067,000
Number of students at break-even point 2.22 persons (5 years period)
Cost of students at break-even point 476,866.67 Baht
Expenses per student per academic year 95,373.33 Baht

2.7 Educational System: Classroom Mode
2.8 Transfer of Credits, Courses and Cross University Registration (If any)
Credits transferring must be in compliance with Mahidol University’ s regulations

on Graduate Studies. Additional information can be found at www.grad.mahidol.ac.th.

3. Curriculum and Instructors
3.1 Curriculum

3.1.1 Number of credits
(1) Students with Master’s Degree: not less than 49 credits
(2) Students with Bachelor’s Degree:  not less than 73 credits

3.1.2 Curriculum Structure
The curriculum structure is set in compliance with Announcement of Ministry

of Education on the subject of Criteria and Standards of Graduate Studies B.E. 2558, Doctoral

Degree, Plan 2 below:
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(1) Plan 2.1 for students with Master’s Degree
Required courses
Elective courses not less than
Dissertation
Total not less than
(2) Plan 2.2 for students with Bachelor’s Degree
Required courses
Elective courses not less than
Dissertation

Total not less than

11

36
a9

23

a8
73

credits
credits
credits

credits

credits
credits
credits

credits
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3.1.3 Courses in the curriculum

1) Required Courses

Students with Master’s Degree 11 credits

Credits (lecture - practice - self-study)
NWTP 641 Complex and Adaptive Systems 2 (2-0-4)
WY oo TzUUTUTOULAZUTULA
NWTP 691 Theoretical Physics and Natural Philosophy 1(1-0-2)

Seminar

WINN bre FUNUIMNIAENAN LAz UT¥YITITUYA
NWTP 701 Philosophy of Natural Systems 1(1-0-2)
WY soe UTVYIVDITLTUUSITUYA
NWTP 702 Symmetries and Lie Algebra in Physics 2 (2-0-4)
U wolo  aNNmsLaziivAtinuasaluidnd
NWTP 741 Non-linear Dynamics 2 (2-0-4)
U oo WaTnlailgady
NWTP 801 Geometry and Topology in Physics 3 (3-0-6)

YN Zoe L5VADRLAZaNBlagluNANd

Students with Bachelor’s Degree 23 credits
Credits (lecture - practice - self-study)
NWTP 511 Classical Dynamics 2 (2-0-4)
UINN ¢oo  WaAERTAATAEN
NWTP 512 Quantum Mechanics 2 (2-0-4)
WIN oo NAMERNTAIDUF
NWTP 521  Equilibrium Thermodynamics and Phase 2 (2-0-4)
Transitions
NN oo Qm%wamam%au@aLLasmiLUﬁEJui’gmﬂ
NWTP 531 Fluid Dynamics 2 (2-0-4)
W &ane NaFERSYOlMA
NWTP 601 Integrable System 2 (2-0-4)
W boe srULTUSHUSE
NWTP 611 Classical Field Theory 2 (2-0-4)
WY oo N EHAUIUAAIAEN
NWTP 641 Complex and Adaptive Systems 2 (2-0-4)
W bee TrUUTUgoULazUSUMLA
NWTP 691 Theoretical Physics and Natural Philosophy 1(1-0-2)
Seminar

WINN b FUNUIMNIENAN U LazUTUYITITUYA
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NWTP 701 Philosophy of Natural Systems 1(1-0-2)
W wloe UTVEYIVITEUUFITUYG

NWTP 702 Symmetries and Lie Algebra in Physics 2 (2-0-4)
U wolo  aNmsLaziivAtinuasaluidnd

NWTP 741 Non-linear Dynamics 2 (2-0-4)
W oo Wainluladu

NWTP 801 Geometry and Topology in Physics 3 (3-0-6)

YN oe L5UANRLaZNaNladluNaAnd

2) Elective Courses not less than 2 credits
Courses in foundation of theoretical physics and mathematics

Credits (lecture - laboratory - self-study)

NWTP 501 Mathematical Methods of Physics 2 (2-0-4)

UINN ¢oe NITUIIDNNALAAIERTANTUNENE

NWTP 502 Green’s Functions and Propagations 2 (2-0-4)

WINN ¢ob WATUNTULAZNITUHNTZANY

NWTP 503 Numerical Methods in Physics 2 (2-0-4)

W0 ¢oem T2ilUTBIBANavIUNENE

NWTP 513 Classical Electrodynamics 2 (2-0-4)

UINN ¢om Wamaasininaaiadn

NWTP 522 Equilibrium Statistical Mechanics and Kinetic 2 (2-0-4)
Theory

W ol NaransITatAaunawaL oY IaY

NWTP 532 Vibrations and Waves 2 (2-0-4)

WIN galo  M3duaziouLazAfL

NWTP 551 Special Relativity 2 (2-0-4)

WINN ¢e  AURNTAINALAY

NWTP 612 Relativistic Quantum Mechanics 2 (2-0-4)

UIN belo  NAAAASAIDUALLTIENRNS AN

NWTP 613 Quantum Mechanics and Path Integrals 2 (2-0-4)

WINN pem  NaAEATAIDUANLAZUSHUSAILAD

NWTP 614 Particles and Fields 2 (2-0-4)

WY boc  BUNALATHUIY

NWTP 631 Signals and Systems 2 (2-0-4)

WINN ome  AYYIULALITUY

NWTP 681 Statistics for Physics 2 (2-0-4)

W9 oo  adRdMIUNENE
NWTP 682 Computer Simulation for Physics 2 (2-0-4)
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NWTP 711
UINN vose
NWTP 712
UINN o
NWTP 713
UINN edam
NWTP 714
NN voc
NWTP 715
UINN o
NWTP 811
UINN oo
NWTP 812
UINN el
NWTP 813
UINN e
NWTP 814
UINN Roc
NWTP 815
UNN God
NWTP 816

UINN Rao

NWTP 751
UINN oo
NWTP 761
UINN evoe
NWTP 762
UINN evolo
NWTP 763
UINN ev'oen
NWTP 851
UINY c&e
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Courses in high energy physics

Credits (lecture - laboratory - self-study)

Relativistic Quantum Fields |
AUNUAIDUAILTIFUANSAN 1
Relativistic Quantum Fields II
AUNUAIDUAULTIFUANS AN 2
Soliton and Instanton
lganouLardUALAUNDL

Quantum Fields in Curved Spacetime
AUNAIBUALUUNIADINALAY
Finite Temperature Field Theory
neuiaunuiigumnliania
Supersymmetry and Supergravity
auuwmaaaméquazﬂaﬁmiﬁudaqaaﬂﬁq
String Theory

RVTGGIRN

Statistical Field Theory
AT GV HIGAG R

Loop Quantum Gravity
AnultuaeAleudinLuUgy
Advanced Quantum Field Theory
wqwaammmauéfwﬁ”’uqq

Topological Gauge Theory and Geometrical

Phases
o NTIeneladiazInniaLsuIAie

Courses in gravitational theory and cosmology

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

Credits (lecture - laboratory - self-study)

General Relativity
Fuimsamiialy

Cosmology

INTNAINYY

The Early Universe
ONANTZETUINISY
Observational Cosmology
INTNAIMLUTINTFUNANITEL
Advanced General Relativity
é’uﬁ'mmwﬁ"ﬂﬂ%u’uqq

4 (4-0-8)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)



NWTP 852
UINY c&lo
NWTP 853
UINN <&en
NWTP 854
NN s&e
NWTP 855
UINN &&
NWTP 856
UINN G&o
NWTP 861
UINN <oe
NWTP 862
UINY @ob
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Scalar-Tensor Theory of Gravitation
nguianultualsuuvainans-wiuges
Dark Energy and Modifications of Gravity
WasudaLarAU N TEIAIL
Gauge Symmetries in Gravitation
duansnaluanulines

Physics of Black Holes

Handvomaue

Theoretical Foundations of Cosmology
NPT B VBIINTINEINE

Cosmic Microwave Background Radiation
Lednoainlulasianiiunds

Quantum Cosmology
INTAINYIAIDUAY

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)



NWTP 721
UINN e
NWTP 722
UINN albole
NWTP 723
UINN el
NWTP 731
UINN evene
NWTP 732
UINN evenle
NWTP 733
UINN evenen
NWTP 734
UINN evene
NWTP 735
UINN elen
NWTP 742
UINY elcle
NWTP 743
UINN even
NWTP 744
NN olee
NWTP 771
UINN evele
NWTP 772
UINN avolle
NWTP 773
UINN eveven
NWTP 774
UINY elele
NWTP 781

UINY ol
NWTP 782
UINN oIkl
NWTP 783
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Courses in collective systems and complexity

Credits (lecture - laboratory - self-study)

Non-equilibrium Thermodynamics
Qauvnaranshiauna

Advanced Statistical Mechanics
namansidsadiniugs
Non-Equilibrium Statistical Mechanics
namansLBsanallauna

Turbulence

anmiutau

Fluctuations in Physical Systems
msnsefieluszuunanmn
Synchronization

nsalaslug

Condensed Matter Physics
WaAndaansmiunuu

Granular Physics
Wandvesansifinaviden

Complex Network

lAssvegutou

Scaling

nsUTuNIAg

Self-Organization and Pattern Formation
NTIALEBIAILBILAE NMTAALUUATY
Physics of Economy and Financial System
HAnduaaszuuAsEgnaLasnIsRY
Physics of Social System
Wandvesszuudnu

Physics of Ecological System
Wanduesszuuiml

Physics of Traffics

Wanduein1399193

Probability, Entropy, Information and

Communication

1 [~ = [l d‘
ANUUNz U UlnsY 919815 kagnsa@edans

Bayesian Data Analysis
MINATIVTOLALUULE

Time Series Analysis

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)

3 (3-0-6)
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WINN alen NTIATIRVOUNTULIAT

NWTP 784 Random Matrix Theory 3 (3-0-6)
W el Nuun3ndgy

NWTP 785 Stochastic Calculus for Physics 3 (3-0-6)
I oee upaRaaalauaaRndmsuand

NWTP 786 Applied Game Theory and Evolutionary Dynamics 3 (3-0-6)
WINN oo MO ufNNUTEYNALAENAINTIINUINTG

NWTP 821 Theory of Critical Phenomena 3 (3-0-6)
WINN oo NOEHUIINGNIIAINGH

NWTP 822 Phase Transitions in Classical Field Theory 3 (3-0-6)
UINN colo mim?{au’s’gmﬂiumwﬁauwmmaﬁﬂ

NWTP 841 Synergetics | 3 (3-0-6)
U Ge FULLDIAANE 1

NWTP 842 Synergetics I 3 (3-0-6)
WY o FULUDITIRANAZ

NWTP 843 Catastrophe Theory 3 (3-0-6)
WINN e N WMEULTUR

NWTP 844 Random Walk and Renormalizations 3 (3-0-6)

W cee NSAULUUgILasNISSuesTalawd

In addition to elective courses mentioned above, a student may register other courses in
international program offered by other faculties equivalent to graduate studies, Mahidol
University or the ones offered by other universities according to the student’s interest with the

approval of the program committee or the advisor.

3) Dissertation

Credits (lecture - laboratory - self-study)

NWTP 699 Dissertation 36 (0-108-0)
UINN ol INGTNUS
NWTP 799 Dissertation 48 (0-144-0)

UINN el INTNUS

3.1.4 Research Project of the Program
Guidelines for conducting a research project are as follows:

(1) Cosmology and Gravity
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Propose new models and model examinations of gravity and dark energy for
the early universe and its current state both theoretically and with
phenomenal calculation.

(2) Theoretical High Energy Physics
Examine and propose topics in integrable system of equation of motions
from high energy physics system and analysis of non-Hermitian systems in
field theory.

(3) Complexity and Natural Philosophy
Examine of nature of theories from various discipline. Extend notions and
paradigm of thermal system and entropy of thermodynamic equilibrium to
economic and financial systems. Apply network theory and random matrix to
the field of molecular biology, Thai irrigation system, international trade, and

pricing in stock market.

3.1.5 Definition of Course Codes
Four main alphabets are defined as follows:
The first two alphabets are abbreviation of the faculty offering the course.
NW is an abbreviation of Nakhon Sawan Campus

The latter two alphabets are abbreviation of the department or the major
offering the course.

TP means an abbreviation of Centre of Theoretical Physics and Natural
Philosophy

The first digit of numbers is indicated level of the courses which have 4
level denoted by number 5, 6, 7 and 8.

The second digit of numbers is indicated sub field of the courses with the
following:

0 associates with philosophy of theory describe nature, philosophy of
experiment, theoretical methods, and mathematical physics.

1 associates with fundamental physics with concept of equation of motions
including classical mechanics, quantum mechanics, electromagnetic field theory, high energy
physics, nuclear physics, and particle physics.

2 associates with fundamental physics of collective system with concept of
equation of states including thermodynamics and phase transition statistical mechanic.

3 associates with fundamental physics related to energy and mass transfer

including waves, vibration, fluid dynamics, nature of matters, state of matters.
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4 associates with non-linear dynamics, complex systems, and methods for
complex systems.

5 associates with relativity theories, classical gravitational theories, dark energies

6 associates with cosmology, astrophysics, subject related to phenomenal
cosmology

7 associates with applied physics paradigm to other systems such as economic
system, engineering, ecosystems, biology and social system.

8 associates with statistical methods, probability, sampling method, time series,
empirical data analysis, game theories, computation and computer.

9 associates with seminars, special topics, and dissertation

The last digit of numbers is indicated numeric order of the course.
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3.1.6 Study Plan
(1) Plan 2.1 For students with Master's Degree

Year Semester 1 Semester 2
1 NWTP 641 Complex and Adaptive NWTP 701 Philosophy of Natural Systems
Systems 2 (2-0-4) 1(1-0-2)
NWTP 702 Symmetries and Lie Algebra in | NWTP 801 Geometry and Topology in
Physics 2 (2-0-4) | Physics 3 (3-0-6)
NWTP 741 Non-linear Dynamics 2 (2-0-4) | Elective not less than 2 credits
NWTP 691 Theoretical Physics and Qualifying Examination
Natural Philosophy Seminar 1(1-0-2) (after the 2" semester)
Total 7 credits Total 6 credits
2 NWTP 699 Dissertation 6 (0-12-0) | NWTP 699 Dissertation 6 (0-12-0)
Total 6 credits Total 6 credits
3 NWTP 699 Dissertation 12 (0-24-0) | NWTP 699 Dissertation 12 (0-24-0)
Total 12 credits Total 12 credits
(2) Plan 2.2 For students with Bachelor's Degree
Year Semester 1 Semester 2
1 NWTP 511 Classical Dynamics 2 (2-0-4) | NWTP 512 Quantum Mechanics 2 (2-0-4)
NWTP 521 Equilibrium Thermodynamics | NWTP 611 Classical Field Theory 2 (2-0-4)
and Phase Transitions 2 (2-0-4) | NWTP 601 Integrable System 2 (2-0-4)
NWTP 531 Fluid Dynamics 2 (2-0-4)
Total 6 credits Total 6 credits
2 NWTP 641 Complex and Adaptive NWTP 701 Philosophy of Natural Systems
Systems 2 (2-0-4) 1 (1-0-2)
NWTP 702 Symmetries and Lie Algebra in | NWTP 801 Geometry and Topology in
Physics 2 (2-0-4) | Physics 3 (3-0-6)
NWTP 741 Non-linear Dynamics 2 (2-0-4) | Elective not less than 2 credits
NWTP 691 Theoretical Physics and Qualifying Examination
Natural Philosophy Seminar 1(1-0-2) (after the 2™ semester)
Total 7 credits Total 6 credits
3 NWTP 799 Dissertation 8 (0-16-0) | NWTP 799 Dissertation 8 (0-16-0)
Total 8 credits Total 8 credits
a4 NWTP 799 Dissertation 8 (0-16-0) | NWTP 799 Dissertation 8 (0-16-0)
Total 8 credits Total 8 credits
5 NWTP 799 Dissertation 8 (0-16-0) | NWTP 799 Dissertation 8 (0-16-0)
Total 8 credits Total 8 credits
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3.1.7 Course Description

Please see Appendix A.

3.2 Name, I.D. Number, Title and Degree of Instructors

3.2.1 Full time instructors of the curriculum (Please see Appendix B)
No.| Identification Card Degree (Field of Study) Department
Number University: Year of graduate
Academic position -
Name - Surname
T | XXXXX-XXXXX-XX-X Ph.D. (Cosmology) Nakhon Sawan

Professor Dr. Burin

Gumjudpai

University of Portsmouth, U. K. :
2003

M.Econ. (Financial Economics)
National Institute of Development
Administration, Thailand: 2020
M.Sc. (Physics)

University of Sussex, U.K.: 1999

B.S. (Physics)

Campus/Centre for
Theoretical Physics and
Natural Philosophy

Chiang Mai University, Thailand:
1996

2 | XEXXXXXXXXX XXX Ph.D. (Physics) Nakhon Sawan

Lecturer Dr. Nandan Roy | Indian Institute of Science Campus/Centre for

Education and Research Kolkata, Theoretical Physics and
India: 2015 Natural Philosophy
M.Sc. First Class (Physics)
Vidyasagar University, India: 2008
B.Sc. First Class Hons. (Physics)
Vidyasagar University, India: 2006

3| X=XXOKXXHXKK-XX-X Ph.D. (Physics) Nakhon Sawan

Lecturer Dr. Pradeep
Bhadola

University of Delhi, India: 2016
M.Sc. First Class (Physics)

University of Delhi, India: 2008
B.Sc. First Class Hons (Physics)
University of Delhi, India: 2006

Campus/Centre for
Theoretical Physics and
Natural Philosophy
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3.2.2 Full time instructors (Identical to the list above)

No.| Identification Card Degree (Field of Study) Department
Number University: Year of graduate
Academic position -
Name - Surname
1 XXXXXXOKKK-XX-X Ph.D. (Physics) Indian Institute of Nakhon Sawan

Lecturer Dr. Kumar
Abhinav

Science Education and Research
Kolkata, India:2015

M.Sc. First Class (Physics) Dibrugarh
University, India: 2005

B.Sc. First Class Hons. (Physics)
Dibrugarh University, India: 2003

Campus/Centre for
Theoretical Physics and
Natural Philosophy

3.2.3 Part time instructors

None

4. Details of Practicum (if any)

5. Dissertation requirement

development or applied theoretical physics paradigm to describe philosophical concept of other

systems stated in requiring the correct pattern and specific date of submission. The content in

None

5.1 Short Description

Considering dissertation, it must be relevant to knowledge of theoretical physics or

dissertation must include clearly novel synthesis of knowledge or viewpoints.

5.2 Standard Learning Outcomes

5.2.1 Students are able to set good example in academic domain and are able to

solve problems with ethical consideration.

5.2.2 Students are able to self-study and are intellectual in the sense that knowledge

have intrinsic value.

5.2.3 Students have fundamental knowledge in theoretical physics and are critical

minded about nature of theory such that researching, monitoring, synthesizing

and critic of new finding is allowed.

5.2.4 Students are able to utilize skill related to information technology in searching,

communication, and transferring knowledge to experts and general public.
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5.3 Time Frame

5.4

5.5

5.6

(1) Plan 2.1 For students with Master's Degree
From the first semester of the second academic year onwards or subject to the
discretion of the program committee

(2) Plan 2.2 For students with Bachelor's Degree
From the first semester of the third academic year onwards or subject to the
discretion of the program committee

Number of credits

(1) Plan 2.1 For students with Master's Degree : 36 credits
(2) Plan 2.2 For students with Bachelor's Degree : 48 credits

Preparation

5.5.1 Students are able to acquire possible research directions on the topic of interest
since the state of admission interview.

5.5.2 Student are oriented in research group selection and topics

5.5.3 The dissertation committee is appointed which include advisor as head of the
committee and 2-3 co-advisors

5.5.4 The dissertation progress monitoring includes 1 progress report per semester
started from the semester in which NWTP 699/799 Dissertation is registered with
attendance of academic deputy director or chairman of the program
committee.

Evaluation Process

5.6.1 The dissertation will be evaluated on the suitability of the topic and research
direction by the dissertation proposal committee.

5.6.2 The final oral examination is systematically evaluated by the g¢raduate
committee following the standards of the Faculty of Graduate Studies, Mahidol

University.
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Section 4 Learning Outcome, Teaching Strategies and Evaluation

Development of Students’ Specific Qualifications

Special Characteristics

Teaching Strategies or Student Activities

1. Possess Mahidol university core

values which includes

1.

Ny kRN

M
A
H

— O O

Mastery
Altruism
Harmony
Integrity
Determination
Originality
Leadership

The Centre arranges and encourages doctoral students
to participate in activities to Mahidol University core
values. The activities can be organized by the Centre
or by other organizations. Examples are the Khaothong
Seminar Series, NAS Mana Physics Camp, and Newton
Society in Khaothong Pittayakhom sub- district high
school. Khaothong Seminar Series is a Centre’s weekly
traditional seminars run the whole year in semester
time. NAS Mana Physics Camp is a 2-3 days physics
volunteering teaching camp at high school in rural
areas. Newton Society in Khaothong Pittayakhom is a
society to promote and strengthen learning of physics
and mathematics in Khaothong Pittayakhom school
which is in rural area and is in needs of academic
supports. Special characters of this teaching style
include integration of ethics teaching and ethical
practice to students and to the staff themselves. This
surely encompasses the Mahidol University core values
where mindfulness, self- control, self- determination,
listening to others, and integrity in the presenting,
questing, and answering questions so to construct a
good example of an intellectual person. Each year
students are requested to join volunteering teams in
NAS Mana Physics Camp such that each doctoral
student teach 1- 2 hours in the camp and help
organizing camp’ s apparatus and other equipment in
setting up the activities. Doctoral students are
encouraged to join the Centre’s volunteering team in
teaching mathematics and physics to the Newton
Society’ s school students for an hour a month.
Doctoral students are also required to give one seminar
per year in the Khaothong Seminar Series. The

presentation of the seminar is under guidance and
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foreseeing of advisor who shall inspire honest practice
in preparing research literature survey and research

result reporting.

2. Possess academic abilities in

level.

theoretical physics at international

The Centre teaching team is ensured to be well-
qualified faculty members with capacity in publishing
research article at international level. There are weekly
Khaothong Seminar Series, weekly cosmology journal
club, and an annual summer advanced school on
theoretical physics subjects such as cosmology,
gravitation, high energy physics and complexities
organized at the Centre. Each month, doctoral
students regularly participate 5-8 seminar events and
and they have to participate in at least one advanced

training school a year.

2. Development of Learning Outcome in Each Objective

Expected Outcome

Teaching Strategies

Evaluation Strategies

1. Morality and Ethics
1.1 Possessing
consciousness and
awareness in order to act
according to complicated
ethics in academics and

generosity

1.1 Faculty members
create and maintain good
institutional culture wherein
duties, rights, using shared
resources and generosity are
of concerned.

1.2 Faculty members are
role model in academic
integrity and is mentioned in

the courses where suitable.

1.1 Punctual and rule
respect behaviors are
observed.

1.2 No plagiarism, and work
of others are fully respected
by include a proper accurate
reference when needed.

1.3 Role and generosity in

activities are observed.

2. Knowledge

2.1 Possessing profound
knowledge and
understanding in the
principle and theories of
(1) philosophy of natural
systems (2) physics with

equation of motion (3)

2.1 Encouraging questions in
class so that the knowledge
and theories are investigated
rigorously for validity and
soundness

2.2 Assigning work in from of

research, report and

2.1 Qualifying examination,
midterm examination, and final
examination

2.2 Assigned works

2.3 In class presentations

2.4 Behaviour in developing

the dissertation, proposal
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Expected Outcome

Teaching Strategies

Evaluation Strategies

physics with equation of
state

2.2 Possessing deep
knowledge in a sub-
discipline of theoretical
physic such that the
student is able to self-
motivated track the
subject progress in order
to synthesize one
themself

2.3 Possessing sufficient
knowledge in nature of
theory to analyses and
critique theories about

nature

presentation are given with
well-informed feedback from
faculty members.

2.3 Routinely arranging
academic seminar so to turn it
to culture

2.4 Supporting participation in
learning activities such as
presenting research works in

academic conference

examination, and dissertation

examination are observed

3. Intellectual
Development

3.1 Be able to analyze
theories in physics and
applied such principle to
the real world

3.2 Solving theoretical
physical problems with
appropriate principles
3.3 Being critical to the
connection between
physics and theories of

other disciplines

3.1 Training in critical thinking
and dialoguing with instructor
where appropriate in courses
3.2 Teaching based on
analysis of case study and
hypothetical situation

3.3 Assigned work to study,
analyze, synthesize, predict
and critique in form of reports

or presentations

3.1 Evaluating form works and
behaviour such as questions
asked to the case study and
hypothetical situation

3.2 Critical-thinking-based
examination or oral
examination

3.3 Answer given to the
question in proposal
examinations and dissertation

examinations

4. Interpersonal
Relationship and
Responsibility

4.1 Having
Responsibilities and
collaborating with others

with cautiousness and

4.1 Organizing class with group
works and assignments that

require collaboration

4.1 Participations and role in
the group activities are

observed.
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Expected Outcome

Teaching Strategies

Evaluation Strategies

good interpersonal skills
both as a leader and as a

member of the team

4.2 Organizing activities with
various duties and motivate

self-development

4.2 Working behaviors both in
individual works and group
works are observed.

4.3 Participations in discussion

and dialogue are observed.

5. Mathematical
Analytical Thinking,
Communication Skills,
and Information
Technology Skills

5.1 Able to study and
interpret presentation
in formats of table and
diagrams also able to
select an appropriate
statistic or advance
mathematics in
research and
suggesting problem
solving directions.

5.2 Able to utilize
information
technology to search,
compile, interpret and

present appropriately.

5.1 Analyzing hypothetical
situation related to numerical
analysis.

5.2 Setting up learning
experience to promote
student skills in selection and
usage of information
technologies.

5.3 Stimulating student to
communicate in various forms

and methods.

5.1 Evaluating form
presentation techniques that
use information technologies,
mathematic or statistics.

5.2 Evaluating skills of
delivering an explanation and
discussion in class.

5.3 Evaluating from critical
thinking skills reflect in
assignments and the

dissertation.

3. Curriculum Mapping

Please see Appendix C.
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Section 5 Criteria for Student Evaluation

1. Grading System
Grading system and graduation shall be complied with the criteria stated in Regulations

of Mahidol University on Graduate studies (cf. www.grad.mahidol.ac.th).

2. Evaluation Process for the Learning Outcome of Students

The program provides an evaluating process from students, lecturers, and the board of
the program committee in every course based on learning at the end of each semester and
academic year. Furthermore, the program provides an evaluating process from students’ theses

and duration to complete the theses.

3. Graduation Requirement

3.1 Students must graduate according to the study plan.

3.2 Students must complete courses to meet the following requirement.

3.2.1 Students with Master’s Degree must complete courses as stated in the
curriculum at least 13 credits, Dissertation 36 credits, and the total not less than 49 credits.

3.2.2 Student with Bachelor’s Degree must complete courses as stated in the
curriculum at least 25 credits, Dissertation 48 credits, and the total not less than 73 credits.

3.3 Student must have a minimum CUM-GPA of 3.00.

3.4 Students must meet the English Competence Standard of Graduate Students, Mahidol
University set by the Faculty of Graduate Studies, Mahidol University

3.5 Students must pass the qualifying examination.

3.6 Students must participate in and pass skill development activities of the Faculty of
Graduate Studies, Mahidol University

3.7 Students must submit dissertation and pass the dissertation defence examination by
following Regulations of Mahidol University on Graduate Studies. The dissertation examination
must be public and open to a general audience.

3.8 A Dissertation or a part of the Dissertation must be published or accepted for
publication in an international peer-reviewed academic journal at least 1 article in compliance
with the regulations of the Higher Education Commission on the subject of Criteria and Regulation
of Publishing.


http://www.grad.mahidol.ac.th/

32

Section 6 Faculty Development

1. The Orientation for New Faculty Members
1.1 New faculty members are introduced to know other faculties of the Centre and the
Campus
1. 2 The Centre explain concerned disciplines, curriculum, process of teaching, and
assisnments to the new faculty members.
1.3 New faculty members have to attend an orientation that aims to provide knowledge and
understanding about the policies of Mahidol University under Mahidol University Academic

Development Program.

2. Skill and Knowledge Development for New Faculty Members
2.1 Skills Development in Teaching and Evaluation
2.1.1 According to Mahidol university academic development program the new faculty
members are provided with training in teaching methods, teaching preparations,
appropriate measurements and evaluations.
2.1.2 Provide training to develop effective teaching such as developing lesson plan,
developing curriculum and courses, technique in teaching and evaluation and using

information technology in teaching and seminar.

2.2 Other Academic and Professional Skill Development
2.2.1 Support instructors to do research, produce, and present academic and research
work, and in some case encourage instructors to pursue higher degrees or conduct
research training in the country or abroad.
2.2.2 Support instructors to submit a research grant in their sub-fields.
2.2.3 Support instructors to attend national and international conferences and publish
proceedings.
2.2.4 Support instructors to attend meetings, training sessions, and seminars at Mahidol
University or other institutes and organizations.
2.2.5 Encourage instructors to participate in academic service work such as being invited
to an academic conference and being a reviewer for journals, research grants, and

academic promotion.
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Section 7 Quality Assurance

Regulatory Standard

1.1 Mechanism in Faculty/ Campus level is responsible for management and control
systematically the educational activities to adhere to the standard of curriculum by
developing execution plan and allocate sufficient support budget those allow efficiency and
effectiveness.

1.2 Implementing the Quality Assurance to ensure that quality is in compliance with Mahidol
university policy by evaluation criteria setting both on study grades of students and teaching
results of faculty members.

1.3 Implementing of the Quality Assurance follow KPIs given by Office of national education
standards and quality assessment (Public Organization)

1.4 Executing the program evaluation every 5 years for up to date curriculum both in term of

technological progression and social/user demand of graduates.

Graduate Students

2.1 The success of the program management will be evaluated based on graduates’
characters according to the program objectives and the demand for graduates after their
graduation

2.2 Stakeholder satisfaction surveys of both graduates and their employers will be conducted
and updated regularly.

Students

3.1 Academic advising and counseling

3.1.1 AWl incoming students will have to go through the orientation at the beginning of
the program, where course objectives, study plan, class schedule, and academic counseling
by faculty members will be explained and provided.

3.1.2 An academic advisor is assigned to advise and assist students on all aspects including
academic and personal problems.

3.1.3 Students are encouraged to participate in field trips, short-term research abroad,
and national/international conferences to advance their academic and research skills.
3.2 student appeal

Student appeals can be made to the dean of the Faculty of Graduate Studies via chairman
of curriculum both verbally or through filing a document. The dean will consider the appeals
and take necessary action to deal with the concerned issues.

Instructors
4.1 New Faculty Members
Searching for and appointing a new faculty member are handled by Faculty of Science

and the department in compliance with the university regulations, which state that the



34

appointment of a new faculty member must be based on [1] educational qualifications, [2]
working experience, and [3] interview in order to evaluate the applicants’ competence,
attitude, interest, interpersonal relation, and other personality traces.
4.2 Human resource development

The Centre of Theoretical Physics and Natural Philosophy, Mahidol university, Nakhon
Sawan Campus has a policy to encourage faculty members to grow and develop knowledge,
abilities, and skills according to their academic and research interests for the betterment of
teaching, learning, and conducting research of students in the program (more details in section
6).

Program, Study and Student Assessment

5.1 Participation of faculty members in planning and reviewing the curriculum

Curriculum meeting is arranged every semester to plan, consult, and exchange opinion
on learning and teaching of each course in order to review the curriculum and to evaluate
the progress of students. Suggestions from course assessment are evaluated and used as an
input for revising the curriculum.
5.2 Appointment of special instructors

A course coordinator can select a special instructor, who is not a regular faculty member,
based on qualification and experience consistent with course content in order to provide
students with specific theoretical and practical knowledge. The selected instructor must be
approved by the program director.
5.3 Student Evaluation

Student evaluation of each course includes not only midterm and final examinations but
also other components such as quizzes, homework, class participation, class report, and
presentation. The percentage of each component towards the total grade will be included
in the course description or TQF. 3, which an instructor will inform students on the first day
of class. This course evaluation is in compliance with the Regulations of the Graduate Studies
of 2013 issued by Mahidol University.
Learning Support

6.1 Budget management

The Graduate School and Office of the President, Mahidol university allocate an annual
budget to acquire textbooks, teaching facilities, computers, IT infrastructure, and other
materials to support and create suitable environment for teaching and learning of student
both in and out of a classroom. The budget is also used for supporting lecturers and
administrative staffs to assist them to excel in their work.
6.2 Existing learning/teaching resources

6.2.1 High quality modern research facilities where by the Centre is waiting for

facilities improvement budget approval in fiscal year 2022
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6.2.2 Stang Mongkolsuk Library of the Faculty of science has large and diverse

collections of books, e-books, and resources to support students in searching and

accessing academic publications in both domestic and international databases.

6. 2.3 Project’ s room for student with working desk for self- study, lesson

preparation, and other require activities.

6.2.4 Lecture rooms, media, learning equipment and audio- visual equipment

adequate for enhanced learning in the curriculum.

6.2.5 The environment and atmosphere to support effective learning and studying

6.3 Evaluation of sufficiency of learning and teaching resources and additional sourcing

Curriculum is planned to accommodate students and faculty members needs by

responding to result in satisfactory surveys of students and faculty members on resource

issues.

7. Key Performance Indicators

The doctoral program, Centre for Theoretical Physics and Natural Philosophy divides key

performance based on the curriculum that meets the standards of Thai Qualifications Framework

following conditions: (1) the compulsory performance indicators (numbers 1-5) must pass beyond

expectations and (2) the total number of performance indicators must reach their goal by no less

than 80 percent each year. The Key Performance Indicators are as follows:

Key Performance Indicators

Academic Year

2023

2024

2025

2026

2027

At least 80% of all full-time instructors in each
program have to participate in meetings that set up

plans to evaluate and revise the curriculum.

v

v

v

The program must have the details of the curriculum
according to TQF2 which is associated with the Thai
Qualifications Framework or the standards of the

program (if any)

The program must have course specifications and
field experience specifications (if any) according to
TQF3 and TQF4 before the beginning of each

trimester

Instructors must produce course reports and file
experience reports (if any) according to TQF5 and
TQF6 within 30 days after the end of the trimester.

Instructors must produce program reports according
to TQF7 within 60 days after the end of the academic

year
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Key Performance Indicators

Academic Year

2023

2024

2025

2026

2027

6. Instructors must revise the grading of students
according to learning standards indicated in TQF3 and
TQF4 (if any) for at least 25 percent of courses that are

offered each academic year.

7. Instructors must assess the development and/ or
improvement of teaching methods, teaching
techniques or the grading system from the evaluation

results in TQF 7 of the previous year.

8. Every new instructor (if any) has to participate in the
orientation and receive adequate information on the

college’s teaching requirements.

9. Full- time instructors must demonstrate academic

and/or profession improvement at least once a year.

10. The number of supporting staff (if any) who
demonstrate academic and/ or professional

improvement by at least 50 percent each year.

11. The level of satisfaction from the previous year’s
students and new graduates toward curriculum

quality, with an average score of at least 3.5 out of 5

12. The level of satisfaction from employers of new
graduates with an average score of at least 3.5 out of
5

13. Instructors have been evaluated by students after

teaching at 100 percent.

14. The number of accepted students in accordance with

the program’s plan.

15. Graduates who get a job with a starting rate salary
not lower than the rate stated by the Office of the

Civil Service Commission (OCSQ).

Total key performance indicators (items) for each

year

11

12

13

15

15

Required performance indicators (items)

Performance indicators that need to pass

expectations

10

11

12

12
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Section 8 Evaluation and Improvement of the Curriculum Implementation

1. Evaluation on the Teaching Efficiency
1.1 Evaluation of Teaching Strategies

1.1.1 Evaluation of student’s behaviours in class in questioning and joining the
discussion.

1.1.2 Evaluation of students’ learning performance from midterm examinations and
final examinations.

1.1.3 Assessing from students’ evaluation towards courses and instructors.

1.2 Evaluation of Instructors’ Skills in Using Teaching Strategies

Instructor evaluation will be conducted using all aspects such as teaching
techniques, punctuality, ability to cover all goals and objective of a course, using efficient
methods to evaluate students, and the use of appropriate teaching materials. The
evaluation will be performed using information from

1.2.1 Student survey about courses and instructors.

1.2.2 Students’ performance in class and grades.

1.2.3 Evaluation by in class observations or inquiries from instructors themselves,

colleagues, or a committee.

2. Overall Evaluation of the Curriculum

The overall evaluation of the curriculum is processed by gathering information using
satisfaction survey from stakeholders (students, instructors, experts, graduate users and other
stakeholders) to analyze for possible improvement directions and development of curriculum

together with improving in teaching methods both on overall picture and individual courses.

3. Evaluation of Curriculum Implementation in Accordance with the Curriculum

Evaluation is made annually by the chairman and instructors according to the key
performance indicators of section 7, item 7. The committee must comprise 3 persons: One of
them must be a specialist of the field or an instructor of the program. The criteria of curriculum
revision are

“Fair” means the program does not cover the first 10 Key Performance Indicators,
“Good” means the program shows all first 10 Key Performance Indicators,

“Excellent” means the program has all Key Performance Indicators
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4. Review of the Evaluation and Plans for Improvement
The program committee gathering information from:
4.1 Evaluating results of individual course teaching by students.
4.2 Curriculum satisfaction evaluation results by graduates.
4.3 Graduate satisfaction evaluation results by graduate users.
4.4 Curriculum evaluation reports by quality assurance committee (experts/externals).
For the curriculum annual performance reports submit to the department meeting for
collecting idea and planning the curriculum improvement to stay up to date and relevant to
stakeholders and to be in compliance with Announcement of Ministry of Education on the subject
of Criteria and Standards of Graduate Studies B.E. 2558 in which every curriculum is subject to
evaluation and report annually for improvements of curriculum by the curriculum interval or

every 5 years.
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Appendix A
Course Description

Required Courses
NWTP 511 Classical Dynamics 2(2-0-4)
UINN ¢oo WaAIERIAAEEN

Principles of Newtonian mechanics; Lagrange equations of motion; variational
principles; Kepler motion; kinematics of rigid body; eigenvalue equation for oscillations; Hamilton
equations of motion; canonical transformations; conservation theorems; generating functions;
Hamilton-Jacobi theory

wanvesnamanswuuiafy aun1snisedeuiivesainsis wanvesnsuUsiy nsiadoud
wuiaed saumanivesinquianis aumsidnvaziomzresisunds aumsnsiedouiivesusiadu
nssUasuwuudyeld ngufunvesniseysnyg fMendunaiiile nauueladu-a1lad

NWTP 512 Quantum Mechanics 2(2-0-4)
UINN &olo NAANEATAIDUAY

Selective measurements; inner-product spaces; Hermitian operators; eigenvalue
problem; Hilbert space; Wigner’s theorem; symmetries and transformations; uncertainties’
principle; localization; stability and decay of quantum systems; spectra of Hamiltonians; angular
momentum; spin; harmonic oscillators; Hydrogen atom; Green functions; path integrals; the
quantum dynamical principle; quantum scattering

m3tdendmiunsin Uigiiduweslusdn mdndunisigesiiien Yymiailewnu U39isa
e vgufvedinues mMswlamazanuaunng vananulibuuey n1sseudumie @esnm wag
mMsaanefwesszuumaudy aunnsvesustalmiey Tusmdudam allu Miudefueindeznen
lalastau fenduniu nsUSNUSAAAD wanwamansAmBuAN N19NIZIINTIAIDURLY

NWTP 521 Equilibrium Thermodynamics and Phase Transitions 2(2-0-4)
UINN oo qmwwamaﬂ'gauqaLtazmsm’ﬁlﬂuﬁ'gmﬂ

Temperature and the zeroth law of thermodynamics; state and process; equation
of state; ideal gas and real gas; paramagnetic substance; energy transfer; internal energy and the
first law of thermodynamics; Carnot cycle; entropy and the second law of thermodynamics;
thermodynamics potentials; structure of thermodynamics; first and second order phase
transitions; the third law of thermodynamics; open system; statistical mechanics and finding
equation of state; correlation function; critical exponent; universality; free energy and phase
transition; Ising model; mean field theory; Landau theory; Landau-Ginzburg theory

QmwgﬁLLazﬂg%ﬁ@uﬁ%aﬂqmwwamam% ANITUALNTTUIUNT AUNITANIE UNAQANAR
wazufaade ansvnsuunudn mateloundsn ndwunelusazngieiivilsvesgummamans
nsanslud Loulnstuazngdetiaesvesgaumamans dndiisgummanmans lnssairsvesgummanans
mswasuigmesusuniluassuduaes npdefauvesgmmmanani szuuda namandlisatnuas
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N1IMEUNI3NTIL TATUaANENRUS lWITMEINGA @1NaNIN WAINUESAUNTUREWINNIA LUUTIEDY
leBagufjaunuiade nquuaun ngufwauai-Audidsn

NWTP 531 Fluid Dynamics 2(2-0-4)
UIN &me  WaAERSvDIlYA

Definition of fluids; lines of flow; Bernoulli's theorem; potential flow; boundary
layers; Euler fluid; continuity equation; Euler's equation; transverse gradients in steady flow;
compressible flow; potential flow; vortex lines; viscosity; shear stress in Newtonian fluids; bulk
viscosity; Navier-Stokes equation; turbulence; instabilities in fluids

fenuvewadtiva WWunslva Nouiunvesuesud nistuakuudng Yautu vedlwauuy
goulaed aunsanusaLiies aunsessiaes nsufswituvnslumslvawuuass mslranuusasle
Winesmnglunsivawuudng  Aanunta  AnueseaRauluvedlvawuuiagy  Anuniadalsunng
aunsudes-alang mnutluthy sadesnmluveslina

NWTP 601 Integrable System 2(2-0-4)
UINN boo TTUUTIUINUSLK

Finite dimensional Hamiltonian systems on R": Poisson brackets; Poisson manifolds:;
generalized Darboux theorem; Liouville integrability; symmetries in integrability; moment map;
Noether’s principle; Hamiltonian systems; loop algebras; infinite dimensional integrable systems;
KdV equation; pseudo-differential operators; infinite dimensional Poisson structure

szuualialnfoudfdinuuligivesdivussueuid  wdulhwes  unliladthyes
nouunansyd anwusiusleagdan anunasluanimuiusld nsdduaud winnnsvesiiises seuy
weflalniloy  fvadlnvesgy szuuiviRusIARENRotud aumsed  ddudunsiBeeyimsiiien
Tnssasatheesfifamdueiiud

NWTP 611 Classical Field Theory 2(2-0-4)
UINN boo NYBAUINAAEEN

Review of classical electrodynamics and classical dynamics; electromagnetic
radiation; formulation of scattering problem; scalar field; optical theorem; invariance and special
relativity; covariant electrodynamics; Lagrangian field theory; interacting fields and particles;
gauge field; gauge symmetries; Noether’s theorem; general covariance; Lagrangian for
gravitational field

numunamansiraadnuasnarmansnataan nsuwaHssdutmantuii sunuuteym
NSNSERT auana1s  vguiunesnifa  dunssuikazdieaniiiay  JULuUlALSEuYIves
waran s i VO BAUILLUUAINT 1T Y au’mLLazaﬁémﬂﬁﬁﬁumﬁ%mﬁu AUIULNY  AUNIRNTIND
nguiunvesiised ndnmislanBewiily amnsadeudmduaunsliudag
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NWTP 641 Complex and Adaptive Systems 2(2-0-4)
WINN bee  FEUVTUFDULATUTUATLA

Graph theory and small-world networks; chaos, bifurcations and diffusion;
complexity and information theory; random Boolean networks; cellular automata and self-
organized criticality; Darwinian evolution, hypercycles and game theory; synchronization
phenomena; element of cognitive system theory; research applications

nouinsvuaziasetislantuidn weea luesiadunaznisifinszane anududounas
NOUUIENT 1ATBVIBYAURUUEN Lsziaqms‘aaimmmLLazamW%ﬂqﬁiumﬁﬂL'%EN{?TJLEN FTAUINITHUY
iy lewosluAawasnguiing Unngmsainisdddaslud mquissuunismsentingidesiu  ms
Uszgynaluauiae

NWTP 691 Theoretical Physics and Natural Philosophy Seminar 1(1-0-2)
UMW bte  AUNUIMNAENIVQufuazUTvgy1535uvR

Training students in oral presentation concerning scientific works; students must
perform literature review and give a seminar on their chosen topics related to theoretical physics
and natural philosophy; students must also attend the seminar organized by the Centre; their
performance will be evaluated by faculty members.

dnAnwiniinwelunsilinaznmsiiaus umaineimans diunmuniussanssuly
vhdefifeatesiuiidndnguiuassvanssmmnilaefinanansdluguds [Judusyiiu

NWTP 701 Philosophy of Natural Systems 1(1-0-2)
UINN woe  UTUYIVDITZUUSTTUYIA

Concept, definition, function of laws, rules, hypotheses and theories in physics;
qualitative and quantitative data and fact; postulate and axiom; definition of fact, knowledge
and paradigm; postulative and empirical laws; induction and deduction, classifying of subjects;
system paradigm; source paradigm; duality paradigm; interaction paradigm; structure of
mechanics; structure of thermodynamics; research methodology

wnAn dow wagwihil vesng Yoty auRguuarnauimaiiand deyauazdeiiiaase
\BanmuninuaziBeUiun danerd Jouvesderiionis domvesesdnnuiuasdowmensyuiuviad ngd
lpandanauuasng@euszdny  nstisdeuasnisguids  nswladiwunanandn  nssuiuvietszuy
NTTUIUIALLIAGY NTZUIAUINTIE NTeIUiAtsunsAsen Tnssassssnamaniaanadn Tasasna
vaagauvrnamans warsuleuiside

NWTP 702 Symmetries and Lie Algebra in Physics 2(2-0-4)
UING ol AUUINTHASNYANAVDIEA LUWANE

Groups and representations; definition of a group; permutation group; conjugacy
classes; subgroups; homomorphisms; group representations; induced transformation of the

guantum mechanical wavefunction; characters; reducibility; unitary representations; irreducible
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representations; orthogonality of characters; physical applications; continuous groups SO(N);
SU(N) groups and particle physics; Young tableaux; representations of the Poincaré group; gauge
groups; gauge transformations

nyUuagsawn donuvesngy nUmsSesduldou amadign nyUdes afiadgiu
funuvesngy msudasviloniwesilaidundulunamandmenusdu dnvazianz nsanguldl daunug
ﬁLLw%ﬁaLquamgﬂlﬂﬁ AIRIRINTBEN YN N5UsEENANIINIEAIN ﬂqﬂeiaLﬁaa waloldu n3u
LaagLSuLLaﬁ\Iﬁﬂﬁaymﬂ A15989 Munureensluans nunae Msudaana

NWTP 741 Non-linear Dynamics 2(2-0-4)
UINN oo WaTn LT

Second-order differential equations in the phase plane; plane autonomous systems
and linearization, geometrical aspects of plane autonomous systems; periodic solutions;
averaging methods; perturbation methods; singular perturbation methods; forced oscillations;
harmonic and sub-harmonic response; stability; determination of stability by solution
perturbation; Liapunov methods for determining stability of the zero solution; existence of
periodic solutions; bifurcations and manifolds; Poincaré sequences; homoclinic bifurcation and
chaos

aumsidseuiusiudvaetluszuiuma szuvaunsdasslsssnuiarnsvhlidudadu
Snuundusnadavesszuvaunsdassdssuny mamasiiduau sudeuiinsede sadeuisnis
sumu susuismssunudaengiu msduundeiigndsdu mIneuausILUUsNeinLATIUUSIE
ingee afesnin Msseyaesnmlaenssuniukaeay Tadeyuandmiunisseuiaiesnmuama
aeiquinstiegvessaasiiiumu gausnasssnlumediatunaziniliad drduvisnus gauen
aossnlumesintunuulslupdtinuazinosd

NWTP 801 Geometry and Topology in Physics 3(3-0-6)
UINN Qoo  LSVIANALASNBONDLAE NGNS

Basics of space R"; mappings; real analysis; group theory and linear algebra;
differentiable manifolds; curves; functions on a manifold; basis vector fields; fiber bundles;
integral curves; a differentiation of vector field; one-forms; tensor fields; tensor operations; metric
tensor fields; Lie derivatives; submanifolds; Killing vector fields; Lie algebras and Lie groups;
differential forms; definition of volume; fields of forms; metric volume element; calculus of
forms; exterior derivatives; applications to physics

ﬁugmt‘umﬂ%qﬁmaﬁi’mfmﬁaLauﬁa NN3de NITIATWATINIUDTY N nTUsariivads
Badu indlnadfieyiusld Wulde feiduuuniliad aumnnmessu Trwestuda Wldasius
AUIVISURIAUININANDS TunasH auuTiuees N15ANTUNITINULES AUIUVBNLUEDS BUWLSE 1
Ulladeges  autunnwesfade Nvadleduazniud Wesuowus HeuvesUsuing  auiuvenasy

s
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2AUsENUUSINATIUVEN upaRdavesasy NMseuiusneuen n1sussendlulviland
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Elective courses

NWTP 501 Mathematical Methods of Physics 2(2-0-4)
UINN &oa NIZUIUIBNNARIAAEASEMSUNENE

Fields and vector spaces; inner-product space; Hilbert space; Fourier transform;
Dirac’s delta function; Heaviside step function; functions of complex variables; contour integrals;
Cauchy residue theorem; special functions

auuuazUIginmes  Usgiduweslusan U3gligauus niswdaslSies Asniaan
Handu wilenamuileidu Heiduvesinuiudou rouisduiinia nqul33niavedad fandufivay

NWTP 502 Green’s Functions and Propagations 2(2-0-4)
UINN &olo  WIATUNTURAZNITURINTZANY

Dirac’s delta function; Green’s function for initial-value problems and for boundary-
value problems; partial differential equations; time and space variables; Poisson’s equation in
physics; Dirichlet problems; Neumann problems; the diffusion equation; simple—harmonic
solutions; the propagator and Green’s function; the Schrodinger equation; the wave equation;
radiation sources; the Lienard-Wiechert potential; Larmor’s formula; the Helmholtz equation and
diffraction; Fourier transformation of the wave equation; the Huygens-Fresnel model of diffraction

faddupusnmant  HleitunsudmiulymenSudusazdmiudgmevouin  aunis
auiustey fudsawazeinia aunstdgeduiviid@nddymasiea Jeymdaunud aunisnisuns
naasssueiinetsiiy fudnsreuasileituniu aunstlsfasesaunisadu unasiidnnisuned
dndideuninliimodngrsvesaues aunseduleaviuarnisfieny nswawTiofvosannisady
LLUU§W€‘1EN€JE]EJLﬂuéLL68LW'iﬂLua“Uaﬂﬂ’]iLgﬂ’JLUu

NWTP 503 Numerical Methods in Physics 2(2-0-4)
UINN o  setlBuITIBIAnavluNEnd

Solution of linear algebraic equations; interpolation; integration of functions;
evaluation of functions; root finding and nonlinear sets of equations; Fast Fourier Transform (FFT);
Markov chain Monte Carlo simulations with Metropolis-Hastings algorithm

NTIAINDUTIAUNITRYAAMTUAU N1TUTZLIUATULTIN AIUSHUSTRIHSATY N3
Uszidiuanilaidunsmanuvesaunishidadu nsulasfBesuuuss msdaesasldunsneueuing
Talnglddumerianinsindaoaned

NWTP 513 Classical Electrodynamics 2(2-0-4)
UINN Com  WaAERSINAIAANEEN

Advanced treatment of electrostatics; boundary-value problem in electrostatics;
Green’s theorem; Green’s function; multipole expansion; electrostatics in dielectrics; advanced

treatment of magnetostatics; boundary-value problem in magnetostatics; Maxwell’s equation;
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gauge transformation; electromagnetic wave in media and its boundary condition; polarization;
wave guides and cavity; electromagnetic radiation; Lienard-Wiechert potential; Cherenkov
radiation

InifhadslusUuuuiugs Jamameusluliiinadn nauiunvesniu feiduvesniu ns
nszedailng Tiihadeluladidnvin  windnadelusiuuuduas  damemeuslusivinads
aun1sTeLNdad nsulanny Aduwimdnlndluinansuasdeulvaveunn nanlsedy vieth
mauLazINgs NsunSsauimanlui ﬂ’]iLLBJ%Q%%’Wﬂ‘Ui%ﬁ;‘ﬁlLﬂgauﬁ;ﬁﬂéguﬁﬂ—%lﬁ%m SARLTUADN

NWTP 522 Equilibrium Statistical Mechanics and Kinetic Theory 2(2-0-4)
I Golo  NAANEASITIADRFNBLASNG I IAU

Statistical mechanics and classical dynamics; phase space; ensemble and
distribution function; isolated system; density of states; microcanonical ensemble; Gibbs paradox;
system in thermal contact with reservoir; partition function; canonical ensemble; Boltzmann
factor; grand canonical ensemble; Maxwell-Boltzmann statistics; Fermi-Dirac statistics; Bose-
Einstein statistics; black-body radiation; phase transition; singularities; symmetry breaking; order
parameter; mean-field theory; correlation function; critical exponent; universality and scaling;
transport phenomena; diffusion; fluctuations; Brownian motion

anudeulessgninnamandiieaifuaznaraninanadn Uigiignia eeswesndauay
feftunsuanuas ssuulamiien  AnunuIRiNYeInTIE poweNiUakuuatydd  UfnssauAvud
syuufiduiadannudeutuwaadnfiuainuien feuituwtsdn  sswoudauwuutydh maaluad
1t eesweldanuudyaivey) afauwunguas-luaduiul anawesi-ausn afalua-loualad nsuw
Yidvesingin nswasuignia anuduengiu madsaunes wndne sy ngufjauueds
laruavdiuiug wedhddingd ananin uaznisuiuines Usngnisaivuds msdls manssdien ns
\wAouTikuuu1Y

NWTP 532 Vibrations and Waves 2(2-0-4)
YN &mls  N15dUazTioukazARY

Mechanical vibrations and waves; normal modes; forced vibrations; resonance;
coupled oscillations; driven coupled oscillators; vibrations of continuous systems; reflection and
refraction; longitudinal and transverse wave motion; electromagnetic waves; boundary effects
and standing waves; interference; multidimensional waves; Rayleigh polarization; scattering;
Snell's Law; Fresnel equations; thin films; Huygens's principle; Fraunhofer diffraction; grating

mMyduBinanazraudang Tuuaund mMsdunieldnse msdumios msLLﬂiﬂﬂi’ﬂ@ij $n
wnNIAAMIUTY MyduvessEUURBLes nsavTiouLaznTEIM MsiAdsuTivesnduniusIuaza
YIN HANTENUTBWOULALAsAALTS nsunsnden Adunanedn Inslswdunuuised msnseds N
yesaad aun1siisduua Hduune ndnnisvessesnud mstaeuusuumsilaes nsais
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NWTP 551 Special Relativity 2(2-0-4)
UINN ¢&o  FUNNSANNLAY

Four-vectors; Lorentz transformations; causality; foundation and intricacies of the
special theory and the Lorentz group; dynamics in special relativity; covariance of Maxwell’s
equations; rediscovering the Lorentz force; Green’s functions; solutions of electrodynamics and
high energy collisions; introduction to general relativity

LNwesd nsulasaaisund msﬁaﬂm@&mm&; 31ﬂg’mLLazm’maé'U%JU%Jamawqwﬁ
duivsmnievwaznilassund  wamanslunguiduivsnmiiey  lavsouduesaunisudndad
mesurgIusiaasundidunanndusimsnmiawlaodsls Heidunsy namasvesarmansiniuas
M3vuiindanugs; vmihgdusinsnmsily

NWTP 612 Relativistic Quantum Mechanics 2(2-0-4)
UINN bolo  NAAIEATAIDUANLTIFUANSAIN

Review of quantum mechanics; Klein-Gordon equation; interacting states and
asymptotic boundary conditions; particle detection; differential cross sections; optical theorem;
Coulomb scattering; functional treatment of scattering theory; Dirac equation; Lorentz
covariance; Boosts and spatial rotations; spin; helicity and PCT transformations; general solution
of the Dirac equation; massless Dirac particles; physical interpretation; localization and particle
content

numunamanimeusin  aunslaat-nednou  annurdunsnietuazitenluveuiun
wuuaBdlniin  N1IRTIATUBNAIA  ABUITUSAIARRYINY NauunesUifa MInszdmasuy N3
widgymlumguinisnsuidamedsiaitula aunsiusn nsudasaaisund laniseudyariuaznisvyu
Tueana alu 1eAtRkaynsulaniitszquazing awaeluvesaunsiusn suniadusnliing
nsAAMULTENdvateunIafLIn lafaladiuuazeunia

NWTP 613 Quantum Mechanics and Path Integrals 2(2-0-4)
UINN bem  NafEATAIDUANLAZUTNUSAIUAD
Classical action; quantum amplitude; sum over paths; Gaussian integrals;
Schrodinger equation; measurements; transition element; applications of path integrals
udndunanadn uewUdgameusiu HasmynIa UiuSimddou auniselsiaaes s
aeRUsEnauNTsaneloy N1sUseenAldUTiusnuin

NWTP 614  Particles and Fields 2(2-0-4)
UINN boc Bléﬂ']ﬂLLaﬁ‘;ﬂ‘U’]SJ

The structure of the standard model; relativistic wave equations; quantum
electrodynamics; quark model; quantum chromodynamics; gauge theory; Yang-Mills theory;

spontaneous broken symmetry; Higgs mechanism; particle detectors; charged current; weak
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interactions; CP violation; electroweak unification; neutrinos and astro-particle physics; beyond
the standard model

1ASIEF VDI UUTIADIINTFIU aunnIAdudLivsn M warmanslviiaoudiy
LUUTIABIRIANNSN  SIANAMARSABLRl Vquing nquiveesdad msdvauasiAntues
nalnuesdnd inTesilonsnndueyne nsvuaiiusyy Sunsisetedisdeu Msasdndil MsTINLIsBian
Tnsia oumeiisslusasiidndoynanmmaniesdeiuidudaluanuuusaonnsgu

NWTP 631 Signals and Systems 2(2-0-4)
UINN e HUYINUAZIZUY

Definition of signals and system; linear-time invariant systems; continuous time
systems; frequency domain; Laplace transform; CT system analysis; bode plots; discrete signals
and Z-transforms; discrete-time systems; generalized functions; impulse response and
convolution; discrete-time convolution; continuous-time convolution; deconvolution; causality
and stability; filters; modulation; sampling; Fourier analysis of discrete and continuous time
signals; linear feedback systems

VUV Y IULALTZUY szuudaduiiliulsnuna ssuunaidedios Tawunud
mMawlatanans  Msiasessuuwuudi mandenlun dyanailideidomarnisulad  svuy
dyanaunailideiles flsiduinly  msmevausduiaduazaeuligiu  reuligduvesnauuyl
foLilos ﬂauhq%"usuaﬂnmLLUUGi’eJL‘ijaQ miﬁﬂﬁﬂauhg%u mit,%aaﬂaﬂL%Qmmql,t,amaﬁmmw TN
dyann weguadu nmstndodns melesgiySesvesdyanudedeuar iifellosszuulounduids
LAY

NWTP 681 Statistics for Physics 2(2-0-4)
WINN bze  adREIMTUNANE

Experiments and data; probability; probability distributions; sampling and
estimation; sampling distributions associated with the normal distribution; parameter estimation;
maximum likelihood and minimum variance; least-squares and other methods; interval
estimation; hypothesis testing with parameters; other methods for hypothesis testing.

msveaedazdeya Anwnazly Mswanuasruiasdu nsdudiognuaznisaziy
MsuanuassdNFeaiduusiunsuLanuasUnd  msaziudniwes  anudululfgeanuas
mulsUTIuingn  Mdsaeseniigauazi®nisdu 9 msAzutinaT  nsvedeUALLAgIU Y
WIsEmed MIvadeUALLRzLTEITY 4

NWTP 682 Computer Simulation for Physics 2(2-0-4)
UINN bele  MITBBIRIBABNN MDA MIUNENE

Models and simulation; finite-difference methods; simulation with particles; the
Monte Carlo method; wave equation simulation; finite-element method; computational fluid

dynamics
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LUUTIA0MAZNITIE0IIANITAl  IBNITNEANTINR  N1591a0IN1SAAouNTaseLNA
FFn1susuiaisla NsInassaun1sAay Fon1sludduuy waransvaalraLTaR I

NWTP 711 Relativistic Quantum Fields | 3(3-0-6)
WINN oo  HUINAIDUANLTITUANSAN

Lagrangian field theory; Klein-Gordon field; Dirac field; Photons and the
electromagnetic field; photon: covariant theory; Feynman diagrams and rules in QED; QED
processes in lowest order; radiative correction; regularization

nuiaumainsedou  auwleat-nesnou  a@wndusn Trneulasaumwsivantni
nguilanseuidmiuliney  lnezunsuuazngowheuwiulunamansiniianioudy  nszuiung
warmansliihmeusiiluddiumgn msudluansunssd msisganlsd

NWTP 712 Relativistic Quantum Fields I 3(3-0-6)
UINN elolo  AUNUAIDUANTIFUNNSAIN

Gauge theory; field theory methods; path integrals; quantum chromodynamics;
asymptotic freedom and renormalization; weak interaction; gauge theory of weak interaction;
spontaneous symmetry breaking; the standard electroweak theory

NN DM INMguaun USusnain ssenamansaiouiu idsnmedulninuas
n1ssuesiialad dunsiseregrgeu nqujinadiniudunsisenetseeu naLdsauLsTiinduos
nguiBianinsinunsgiu

NWTP 713 Soliton and Instanton 3(3-0-6)
UINN wom  LGANDULATUALAUADY

Non-topological soliton; KdV equation; generality of KdV equation; topological
soliton; sine-Gordon equation; envelope soliton; non-linear Schrédinger-type equation;
linearization around soliton solution; collective coordinates; inverse-scattering transform; solitons
in quantum field theory; kink; monopoles; tunneling and instantons; topology of gauge
transformation; Yang-Mills instantons and U(1)

Twanouuuubifitenenelad aunswed ermduiiluvesaunised® ledneuiuune
wolad aunsnasnaugulel lednounuuaagy aunisylstasesuuulidadu meiidudadusouna
waglednou Aidavy Msuvaamsnszilwndy lednsulunguauiuateudy  diunndweslades
LUURSA wimEntaien ﬂ’]iaaﬂqiml,l,azﬁummumau Nanoladuasn1silaung duaLAUADULEIad
uaznsUy U

NWTP 714 Quantum Fields in Curved Spacetime 3(3-0-6)
UINN o  FUINAIDUANUUNIABINIALAY
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Quantum fields in Minkowski spacetime; basics concepts of quantum fields in
curved spacetimes; expectation values quadratic in fields; particle creation by black holes; one-
loop effective action; effective action for non-gauge theories; effective action for gauge theories;
quantized inflaton perturbations

auumsudulusInAluuiiuaan LLmﬁmﬁugmmaaamumaué‘fﬂumaaamﬁiﬁq A
mavdaiiduileifuidsdvosauy  msaeynalasvauin udndudmassiuguifes udndudima
é’w%mwﬁﬁiﬂ%mﬁ]LLaxLLUULﬂﬁ]GiN‘] mssumudunameuiiinsandunious

NWTP 715 Finite Temperature Field Theory 3(3-0-6)
UM wed NQuFUINTgAMATiain

Imaginary time formalism; real time formalism; thermofield dynamics; gauge theories;
cutting rules at non-zero temperature; symmetry breaking; Nielsen identities; subtleties at non-
zero temperature; supersymmetry at non-zero temperature; derivative expansion; non-
equilibrium phenomena

sUsuudmisunanuanm sUkUUIa1ase  wadnauueaunll  MguinaluUsieg
fotafulunsineantigamgilidugud msvhargauums lendnunifaifu mnuuevuiigamgilll
Hugud ausnaseindeiigamgilidugud nsnszaadseyiud Usngmsalamizliauna

NWTP 721 Non-equilibrium Thermodynamics 3(3-0-6)
UIMN olwe  @UUWAAIEAS iU

Gibbs stability theory; critical phenomena and configurational heat capacity;
stability and fluctuations based on entropy production; local equilibrium; local entropy
production; energy conservation in open system; Onsager relations and symmetry principle;
stationary state under non-equilibrium conditions; minimum entropy production principle;
nonlinear thermodynamics; far-from-equilibrium system; linear stability analysis; dissipative
structures

N ufLadesnINVeIRUE UiﬂﬂgmiaﬁﬂqaLLaxmmﬁgmnﬁaw%ﬂIﬂﬁﬂLLUU @dusnInLaY
nsnszfienannsuaneulngy amamwwﬁ msuaneulnsUanisd mimﬁﬂﬁwé’\mﬂmwmﬂm
Auduiusueseaur e fuazManmsaLIns nmgasngldteulliauga nénnsnanoulnsdes
flgn ammarnansliBady suuieguonaugalilna mslessiiadiosnmdadu Tassadanszang
28}

NWTP 722 Advanced Statistical Mechanics 3(3-0-6)
UINN ool NaFARSITERATUGS

Review of thermodynamics; thermodynamics potentials; Gibbs-Duhem and
Maxwell relations; response function; statistical ensembles; mean field theory and Landau
theory; Ising model; dense gases and liquids; critical phenomena; universality; renormalization

group; quantum fluids; linear response theory; disordered system
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UNUMIUQUVNAAMARS Andvnsgamnamans Aanuduiusivd-geuwazauduius
windiad fleidunevaues oosweudaiBada nquijaunmedsuaznguiuauan wusiasdleds ufa
fnunuiuuazyeaman Unngmisalingd ananm ngiuesialawdu vedluamousu nquins
MOUAUDILUUTNEY ssuusulisedey

NWTP 723 Non-Equilibrium Statistical Mechanics 3(3-0-6)
UMW oo NAANEASLBERR LdUAA

Brownian motion; fluctuations in equilibrium; response to applied forces; linear
response theory; time translation invariance; vector operators; relaxation from constrained
equilibrium; field operators; scattering; fluctuation-dissipation theorem; time-correlation
functions; Nyquist theorem; Drude model for charge transport; linearized Langevin functions;
hydrodynamic description of time-correlation functions; hydrodynamic spectrum of normal
fluids; kinetic theory; critical phenomena and broken symmetry; dynamic renormalization group;
unstable growth

mMaedouiuuvusnd  manseiieslunnzann  MImeuaussioussil  nguing
povausdudy Msduniuslunisideunal ddidumsnnmes msaanefanaugaiigniadu ¢
Fuiumsaum NM13nseids nquunmsnseiiten-nmsnsganeds MaiduavduiudiBana nquiumne
Aent wuudiaesagadmunsuudssyy feiduassdneivilidudaduud feiduavduiusidana
dewssaulunuugnnnamans aldnasuidsonnnamanivesuedlvaund naufas Usngnisafingd
wagnseaunns nyUsuesialawdumadn nmsiulanuvelaiss

NWTP 731 Turbulence 3(3-0-6)
UINN oo dnwdutiou

Nature of turbulent flows; equations of fluid motion; continuum fluid properties;
Eulerian and Lagrangian fields; continuity equation; random nature of turbulence;
characterization of random variables; random fields; probability and averaging; mean-flow
equations; free-shear flows; energy cascade and Kolmogorov hypotheses; structure functions;
two-point correlation; Fourier modes; velocity spectra; channel flow; pipe flow; boundary layers;
turbulent structures
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NWTP 732 Fluctuations in Physical Systems 3(3-0-6)
UINN el minsmﬁaﬂuswumamw



50

Basics of statistical analysis; fluctuations in electric circuits; fluctuation-dissipation
theorem; Kramers-Kronig relations; Brownian motion; random walks; density fluctuation in gases;
a reference model; Markov processes; diffusion of particles; thermal fluctuation in a diode; Fermi
acceleration
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NWTP 733 Synchronization 3(3-0-6)
UINN oo N15TIAT LU

Definition of synchronization; self-sustained oscillator and its phase; synchronization
of a periodic oscillator by external force; synchronization of two and many oscillators;
synchronization of chaotic systems; detecting synchronization in experiments; synchronization of
periodic oscillators by periodic external action; mutual synchronization of two interacting periodic
oscillators; synchronization in the presence of noise; phase synchronization of chaotic systems;
synchronization in oscillatory media; populations of globally coupled oscillators; complete
synchronization; complex systems; synchronization of complex dynamics by external forces
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NWTP 734 Condensed Matter Physics 3(3-0-6)
UINN olne WANdda1sAULLY

Simple liquids; approach to electron systems; electron correlations; two-
dimensional electron systems; quasi one-dimensional system; hopping and localization;
magnetism; superconductivity; liquid “He; liquid *He; liquid crystals, polymer

VOUNAIBENNY TTUUBANATOU ANFUWUSURIBIANATOU TEUUBLANATOUARIR SYUU
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NWTP 735 Granular Physics 3(3-0-6)
UINN e WAndvasansidinaziden
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Interaction at the grain level; granular solid; statics, elasticity and plasticity of
granular solid; granular gases; granular liquid; immersed granular media; erosion and sediment
transport; geomorphology

Supsizoniiseiuingy adamand  anudanduuazenandunanafnvesudadazidonn
TR UAANTIYAT VBUMAINTIYAT FINANNTIYAITYN NISAANTOULAZNNTALAEMENOY §dUFIU
Ny

NWTP 742 Complex Network 3(3-0-6)
WINN ol TATIUI8TULDY

History related to graph theory in physics, sociology, finance, and other disciplines;
nodes; edges; matrix forms; types of graph; types of degree; types of paths; weighted networks;
Erdos-Renyi random graph models; small-world networks; Watts-Strogatz model; scale-free
networks (power law); spectral properties of complex network; hierarchical clustering methods;
statistical physics of networks; network topology; computational and statistical tools; non-
equilibrium perspective on growing networks; robustness; control and evolution; effect of
feedbacks

UseRvemguinswiluiidnd dauingr mitulazanndug Tuua veu sULuUWRINgG
¥iaveunsn slinvesesen siavedid infetierisimin wudaesnsmdueaslad-sud wiodelan
Tudn wuusaesTned-alasunnd wietelifufumnes (gddy  audfidsadnesuredassdeg
Fudeu nszuitadamesddiuty Mandidsetnvonndetis neneladvenaiety wissenvadn
warnsFInTAedes gmﬁﬂﬁuuﬂﬁau@maﬁLﬂ%@ﬁ’]ﬂﬁﬁﬂé’ﬂlﬁﬂim AUDAAINY N1TAIUANLALNNT
i wavesnistounau

NWTP 743 Scaling 3(3-0-6)
UINN olen  NITUTUNINT

Dimensional analysis and physical similarity; self-similarity and intermediate
asymptotics; complete and incomplete similarity and self-similar solutions of the first and second
kind; scaling and transformation groups; renormalization group; self-similar phenomena and
travelling wave; scaling laws and fractals; scaling laws for turbulent wall-bounded shear flows at
very large Reynolds numbers
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NWTP 744 Self-Organization and Pattern Formation 3(3-0-6)
UINN ol NITIALTLIALDILATNITAALUUATY

Convection; reaction-diffusion systems; Faraday waves; bifurcation and symmetries;
groups; lattice patterns; superlattices; hidden symmetries; modulation and envelope equations;
instability of stripes and travelling plane waves; spirals; defects; Cross-Newell equation
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LUUANVDILARN A ﬁULﬂaﬁLLamﬁ% aunnnsiideuly aumﬁma@LLa%'uLLazanmiLauLﬂaU LEDYIN NV
LOULAYARUSTUIUIAEUT AALNGE7 ANNUNNTEY dUnNNSASea-Tad

NWTP 751 General Relativity 4(4-0-8)
UIMN wide FuMsAIWIALY

Equivalent principle in mechanics; special relativity; non-inertial effects and
electromagnetism; four vectors; differential forms and Hodge duality; absolute differentiation;
geodesics; curvature; Einstein field equations; Schawarzchild solution; Gravitational Lensing; PPN
formalism; experimental tests of general relativity; gravitomagnetism; tetrad formalism; Killing
vector and conservation laws; gravitational collapse; black holes; wormholes; Penrose diagram;
thermodynamics of black holes; singularities; cosmic censorship; gravitational action; Cauchy
problem; weak field approximation; gravitational radiation; Petrov classification; Friedmann-
Lemaitre-Robertson-Walker geometry; basics of cosmology; electrodynamics as abelian gauge
theory; non-abelian gauge theory; gauging Lorentz symmetry; Dirac equation in Schwarzchild
spacetime; gravity and electromagnetism in five dimensions
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NWTP 761 Cosmology 3(3-0-6)
UIMN obe  INTANAINN

Expansion of the Universe; spacetime geometry; cosmological redshift; Hubble
constant; distance measurement in cosmology; dynamical expansion; equilibrium era;
recombination and last scattering; the early universe; cosmological nucleosynthesis; baryon

synthesis and lepton genesis; inflation
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NWTP 762 The Early Universe 3(3-0-6)
U oibls  LONANTZHZUINSY

Matter density fluctuations; field equations; Fourier decomposition and stochastic
initial conditions; gauge transformations; conservation theorem; evolution of cosmological
fluctuations; scalar perturbations; tensor perturbations; linear growth factor; structure formation;
anisotropies of the cosmlc microwave background; temperature fluctuations; poLanzatlon
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NWTP 763 Observational Cosmology 3(3-0-6)
UINN eom  INTIAIMNBUIINITEUNANTTAL

Introduction to cosmological models; distance scale; contents of the universe;
Hubble’s observation; cosmic microwave background; Supernova observations; Baryon Acoustic
Oscillations; large scale structure; gravitational lensing; other cosmological observations
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NWTP 771 Physics of Economy and Financial System 3(3-0-6)
U oo WaANdvasszuUIATEFRILAZNITRY

Thermodynamics formulations of microeconomics and macroeconomics; random
walk, stochastic process in financial physics; cross-correlation; power law; financial market and
model of turbulence; model of wealth distribution; modeling financial fluctuation with statistical
mechanics; application of complex network in financial physics
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NWTP 772 Physics of Social System 3(3-0-6)
UINN ool WAndvasszuudsau

Basic features of social systems and modelling; opinion formation in a society; social
choices and popularity; crowd-avoiding dynamical phenomena; social phenomena on complex
networks; flows and transports social agents
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NWTP 773 Physics of Ecological System 3(3-0-6)
UINN oevn  WANHVDITZUUTLIAL

Thermodynamics; irreversible thermodynamics; an ecophysical definition of life and
living; environmental conditions necessary for life; sources of energy; population and carbon in
the biosphere; population of an individual species; evolution in the past; evolution in the future;
territoriality; a measure of psychological behavior; behavior predicted by energy needs
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NWTP 774 Physics of Traffics 3(3-0-6)
UINN ool WANHVBINITAIT

Definition of traffic flow; tree traffic phases; traffic breakdown at bottleneck; hishway
capacities; emergence of moving jam; hypotheses of three-phase traffic flow theory; pattern of
congested traffics; traffic description and control based on fundamental diagram of traffic flow;
applications in traffic engineering
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NWTP 781 Probability, Entropy, Information and Communication 3(3-0-6)
UINN coe mwﬁwmﬁu ulnsy 9198135 LLa&’ﬂ'ﬁgaﬁ'ﬁ

Combinatorics; sets and measures; probability; discrete random variables;
information and types of entropy; communication; random variables with probability density
functions; random vectors
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NWTP 782  n1s3iasnzsidayanuuiud 3(3-0-6)
UMN e/cle  Bayesian Data Analysis

Probability theory; deductive logic; Bayesian inference; single-parameter models;
informative and non-informative prior distributions; multi-parameter models; model selection;
hierarchical models; non-parametric models; nested sampling

ngefAunandu assnivendsidy NseYNIUMULLE LuUSasInslwesifes ns
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NWTP 783 Time Series Analysis 3(3-0-6)
UINN ol NITAATIEVDUNTULIAN

Time series embedding and reconstruction; stochasticity and determinism;
embedding lag and dimension; dynamic measure and topological invariants; entropy, complexity
and information of time series; estimation of correlation dimension; the method of surrogate
data; non-standard and non-linear surrogates; identifying the dynamics
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N

NWTP 784 Random Matrix Theory 3(3-0-6)
U ik NOBTLnINGEY

Motivation from nuclear physics and L-functions; historical introduction; eigenvalue;
semi-circle law; adjacent neighbor spacings; thin sub-families; number theory; similarities
between random matrix theory and L-functions; eigenvalue densities; non-semi-circle behavior;
sparse matrices; Gaussian-Wigner ensemble
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NWTP 785 Stochastic Calculus for Physics 3(3-0-6)
UMW oice  uAapAsalauAaRnaMSUNENd
Probability theory; differential equations; further properties of stochastic processes;

stochastic equation and Gaussian noise; numerical methods for Gaussian noise; Fokker-Plank
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equations and reaction-diffusion systems; jump processes; Levy processes; modern probability
theory

nguienaniiasdu aunsdeyiud aumcRdunvesnszuumsalaunain aunisale
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NWTP 786 Applied Game Theory and Evolutionary Dynamics 3(3-0-6)
UM oz NOBNNUTTYNALATWAINLTITAUING

Game; strategies; backward induction; finite horizon game; eliminating dominated
strategies; Nash equilibria; games in extensive form with incomplete information; mixed strategy
Nash equilibria; games in extensive form with complete information; symmetries of games;
alternatives to the Nash equilibrium; review of dynamical system; evolutionary dynamics;
replicator system; evolutionary dynamics with two pure strategies; equilibrium and strategies of
replicator game; evolutionary game
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NWTP 811 Supersymmetry and Supergravity 3(3-0-6)

UINN oo ﬁ&l&ﬂ(ﬂ‘éﬁl’)ﬂ?j\iLLﬁSﬂ')’]&IIﬁﬁJﬁ’NEI’Jﬂ?IIQ

Supersymmetric algebra and multiplets; chiral superfield Lagrangian; renormalisable
supersymmetric chiral field Lagrangians; Feynman rules for chiral supermultiplets; F-term
supersymmetry breaking; D-term supersymmetry breaking; supersymmetric non-abelian gauge
theories; supersymmetric electroweak theory; supergravity coupling to matter; Wess-Zumino
model; super-Higgs mechanism and gravitino mass; gaugino condensate; supergravity grand
unified theory
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NWTP 812  String Theory 3(3-0-6)
WINN Qolo  NYUHANTS

String unification; special relativity and higher dimensions; electromagnetism in
various dimensions; nonrelativistic strings; relativistic point particle; classical relativistic string;
Nambu-Goto and Polyakov action; world-sheet currents; solutions of the open and closed string
equations of motion; quantum harmonic oscillator; relativistic quantum open and closed string;
ligsht-cone relativistic string; covariant and light-cone quantization; T-duality of closed string
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NWTP 813 Statistical Field Theory 3(3-0-6)
UM Rom  NOWHFUINTIHDA

Order parameter and broken symmetries; example of physical situations modelled
by the Ising model; a few results for Ising model; high-temperature and low-temperature
expansions; some geometric problems related to phase transitions; phenomenological
description of critical behaviors; mean field theory; beyond the mean field theory; concepts and
ideas of conformal field theory (CFT); renormalization group; renormalization group for the ? 74
theory; renormalized theory; Goldstone modes; large n limit
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NWTP 814 Loop Quantum Gravity 3(3-0-6)
UM o AMUITNG9AYBURNLUUGY

Special relativity and electromagnetism; some elements of general relativity;
Hamiltonian mechanics including constraints and fields; Yang-Mills theories; quantum mechanics
and elements quantum field theory; canonical gravity; Ashtekar’s variables; loop representation
for general relativity; classical canonical cosmology; Wheeler-De Witt quantization; loop quantum
cosmology; black hole entropy in loop quantum gravity; spin foam; problem of time
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NWTP 815 Advanced Quantum Field Theory 3(3-0-6)
U 2o MOBfauILAIBURLITUGe

Higher spin fields; field theory anomalies; Poincaré/super-Poincaré algebras; particle
states/supermultiplets superspace; quantum dynamical principle; vacuum-to-vacuum transition
amplitudes and solution of field theory; generalized Faddeev-Popov factors; CPT; spin & statistics
connection; intricacies of abelian and non-abelian gauge theories; theory of renormalization;
proof of finiteness to any order; high-energy/short distance behavior; fixed points methods and
asymptotic freedom; superfields; supersymmetric extensions; strings; superstrings and low energy
effective actions; aspects of quantum gravity
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NWTP 816 Topological gauge theory and geometrical phases 3(3-0-6)
UINN Rob  NQEfNATINanalaguazignasvIndin
Field theory in 1+1 and 2+1 dimensions; Chern-Simons theory and gauge-invariant

mass; Coleman-Hill theorem; spontaneous symmetry breaking; parity anomaly; topological
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techniques in physics; solitons; instantons; vortices; monopoles; fractional statistics and anyons;
mean-field Hall effect; topological quantum fluids; conformal fields
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NWTP 821 Theory of Critical Phenomena 3(3-0-6)
UM <ee  NOBUITINGNITAIINGA

Continuous phase transitions and critical points; order parameter; correlation
functions; universality; thermodynamics potentials; fluctuations;, spontaneous symmetry
breaking; Ising model; lattice gas; percolation model; high temperature expansions; real-space
renormalization; critical exponents; scaling laws; mean-field theory; Landau-Ginzburg theory;
diagrammatic perturbation theory; renormalization group
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NWTP 822 Phase Transitions in Classical Field Theory 3(3-0-6)
UM cals  MaABuignalunguiauiueansdn

Geometry of surfaces; kinematics of surfaces; balance laws for a continuous system
with an interface; phase equilibrium; stationary and time dependent problems; phase changes
in mixtures; crystal grovvth systems with mterfaces and ferroelectrloty
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NWTP 841 Synergetics | 3(3-0-6)
UM g TULUDITIANE

Probability; information; chance; necessity; chance and necessity; self-organization;
physical systems; chemical and biochemical systems; applications of biology; sociology and
economics; chaos
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FEUUNENIN FEUUALLAETIAT SEUUTTINGT SPUUSIPLINE AL IEUULATYENA LA
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NWTP 842 Synergetics |l 3(3-0-6)
WINN ccle TuupsIAnd 2

Linear ordinary differential equations; linear ordinary differential equations with
quasiperiodic coefficients; stochastic nonlinear differential equations; coupled nonlinear
oscillators; nonlinear coupling of oscillators; persistence of quasiperiodic motion; nonlinear
equation; the slaving principle; qualitative macroscopic changes; spatial patterns; inclusion of
noise; discrete noisy maps; unsolvable problem in dynamics; relations between synergetics and
other sciences

aunsdseyiusaipdaduitdussdviuoviaduny  aunsdseyiusalaunain
wouldiBady  fduuuuliiBaduiinegmu  nsgmunuuliiBaduvesindu  mnunmuYeINTg
idouiuuuianiu aunsliidadu vdnuwisanuan MaAsuldasseRuinnaBeaam wuuae
msRansanTnedyasuniu wuilidedowedyyasuni Jymivnawaslildluivssuu
wa¥m AnuduiusseninaduueSafnduazinemansanundun

NWTP 843 Catastrophe Theory 3(3-0-6)
UM G NOURMBULHURA

Smooth and sudden changes; multidimensional geometry; multidimensional
calculus; critical points and transversality; Zeeman machine; cusp catastrophe; structural stability;
Thom’s classification theorem; determinacy and unfolding; seven catastrophe geometries;
applications in thermodynamics and phase transition; applications in ecology; applications in
social modeling

mMswAsuLasuUBsueuasLUUIdeUnaY 1svAdavaeiia unagdavaneiii 9aing
LAYANINLYIN 1Te3dNTURTIU MeuzRTRTIUMoson lafesamiddlaseadne nquiunnisduun
yessen  dnTdstTuRaENsAANEWU  LuusTIAdameus TRt SauLUY ﬂﬂiﬂiz&gﬂﬁﬂuqmwwa
mansuaznsldsuignia Malszendnisineiven msdssgndldaanuuiiaosdsay

NWTP 844 Random Walk and Renormalizations 3(3-0-6)
UINY g m’a‘uﬁmmmjmLtaznﬂigua'§ﬁa1aL%°fj'u

Random walk; generating function; recurrence, boundary conditions; steady state and
the electrostatic analogy; variations on the random walk; shape of a random walk; path integrals and
self-avoidance; scaling of walks and critical phenomena; walks and the O(n) model: mean field theory
and spin waves; fractal, and renormalization; renormalization group

Maduuuudy flsddudetiia mafing deulvweuian anugasiuasnsguiniuids
Tnihadio nsiuduiuusingeg JUS19vaInIsAuLUUEY USviugnnaAtuagmavanidenuies msUiuing
PYDINITHUKAZUTINGMININGR NITAULALKULTIABIEFUIY mwﬁaummﬁmmmﬁua@u wnsNYaLaY

ms3usuelad Sueuealawtungy
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NWTP 851 Advanced General Relativity 3(3-0-6)
U e Suimsamiialudugs

Differential manifolds; tangent vector spaces; Lie derivatives; torsion and curvature;
spinor algebra; Petrov classification; Newman-Penrose formalism; Asymptotics; conformal gauge;
the characteristic initial value problem; Cauchy problem; Lagrangian and Legendrian maps

wnillvafieyiusls Usginnmesunuiawi oyiudd nsdauazanulis fvadinvesaliu
Wes  NTILUALAYIVITON EULLUUﬁ’]LLﬂJu—LﬁuIiﬂ nwgRnIsULduAY LAY ﬂtymﬁwﬁuﬁuﬁﬂ
dnwaglaniz Jaymlad WNUNHAINTUALLADA

NWTP 852 Scalar-Tensor Theory of Gravitation 3(3-0-6)
WIN cdle  NoBANITNEHUUENATS- IS

Origin of scalar field; weak equivalence principle; prototype Brans-Dicke model,
conformal transformation; Brans-Dicke model with cosmological constant; two-scalar model,
scale invariance; dilaton as Nambu-Goldstone boson; coupling to matter; temporal variation of
fine structure constant; generalized scalar theories

ANHIAVDIAUINANGTT TENNITAUYAUUUOU WUUTIBMUTUA-ANAAULUY N1ThUas
g5y LUUARUTUA-ANAfUAIANENTIEINET LuudassdesauINanans anaduwiSeud Manou
Tuunumvedlugeuuuy-indalay  msdaivivaans  nswdsmunavesmawilasiasvasidun
nguiananiimueesnsdliiluiial
NWTP 853 Dark Energy and Modifications of Gravity 3(3-0-6)
UINN & WAIUAALAZAMNTTNAIVINBAY

Observational evidence of dark energy; cosmological constant; fine-tunning and
coincident problem; anthropic principle; quintessence; k- essence; phantoms; coupled dark
energy; chameleons; future singularities; f(R) gravity; scalar-tensor theories; Gauss-Bonnet dark
energy models; brane worlds; void models; backreactions; dark energy cosmological
perturbations

nangIueNdunansaivesndanuiln A1psidnsnainet waaasuiuuas Jam
ANUUTEIIUMNIE TANNITNUIEEINEGT WUUTIA0IAIUNALUS WUUTIR0UA-LRaud huUIIaes
wiusew wuuasmatuiingaiu wuudassmiideu nzenguluswnan Anulduaiuuuenels
NOBYANANT-NUYDT BUUTIADINGINULALUUNIE-UBULUY ANLEY WUUT1809998a URAT81NaY
& nssunuddnsnainefiduraanndsde

NWTP 854 Gauge Symmetries in Gravitation 3(3-0-6)
UINN e aUNIRTNAIUAMNTTNGAS

Spacetime symmetries; Poincare gauge theory; Weyl gauge theory; Hamiltonian
formulation; gauge symmetries, asymptotic symmetries and conservation laws; gravity in flat
spacetime; nonlinear effects in gravity; supersymmetry and supergravity; Kaluza-Klein theory;
string theory
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AUNINTVRINIADINIA  Nounaveslnnns  nquinavedhid  sUsuuwedialnifieu
ANNINTNIUUUANY  dURImIMBFUIITULaENN1ToYsNY  ANULTNELUEINIALLLTIY NaNTENY
wuuldBaduluanaliuge auuinseinduasanulduneInds nguvengu-laau nudansa

NWTP 855 Physics of Black Holes 3(3-0-6)
WM c¢e  Wandvaanquan

Gravitational collapse; Schwarzschild black holes; Killing vectors; free collapse of
spherically symmetric pressure; Carter-Penrose diagrams; asymptotia; event horizon; charged
black holes; Cauchy horizons; rotating black holes; uniqueness theorem; Kerr solution; Penrose
process; covariant formulation of charged integral; ADM energy; Komar integrals; the laws of black
hole thermodynamics; Hawking radiation

msguiilasanuliugng viaudvnedad Lnwesdads mIgufdasyresnrsuil
aUAATNTINAN U menSined-tiulsa edulailled vouiungnal neudiiiiuszq veulihlad nau
fiifnsvau noufunginiua naleasvesness nszuumaiulsa suuulawnFewiveaTiuviuse
WAERDNUIIWAlAINS ngnINaMNamanveIque NsuNSdseii

NWTP 856 Theoretical Foundations of Cosmology 3(3-0-6)
WINN R&® SINFUTIN BN V29INTINAINN

Manifold model of spacetime; relativistic model of spacetime; method of fiber bundles;
frame bundle and general relativity; cosmological problem; geometry of standard cosmological
model; evolution of dynamical spacetime theories

wuudraesnillnavesniaednia LUUANADIFUANTAINUDINGDINA Wnsiues

tudawsuiufauasdnimsnminly Jymdngnaine isnadavesuuudiassingainennasgiu
Wanmsvemguinmaoinmaidunais

NWTP 861 Cosmic Microwave Background Radiation 3(3-0-6)
U @oe  Sednosfinlulasianitunds

Statistical properties of random field; correlation functions; power spectra; ergodic
theorem; cosmic variance; Newtonian perturbation; Boltzmann’s equations; Jean mass; gauge
transformation; cauge invariance; perturbation equations; the Bardeen equation; transfer
function; acoustic oscillation; Liouville equation; Silk damping; CMB multipoles; spherical
expansion; Sachs-Wolfe effect; reionization; Stokes’ parameters; power spectrum of CMB
polarization

AaNURAdatAve s NwULdY Henduanduius awnnsumas nguuniesingn Ay
wlsUTIUIEAUINTIIE nssumuuuiilndeu aunsvesluaduiul wadu ASLUasnD 1Naduw)
Boud aunsnssumu aumsunsiu feidudelou msdudsaumans aunisgiad nsvinsdad
foflnavesisdneadnlulasmiiunds manssaseynsuuuLmssnau Unngnsaiuead-gail Sleveslu
wiunsfimesvesdlnad anmsurdwodnarlsiwduluSdneainlilasnitund
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NWTP 862 Quantum Cosmology 3(3-0-6)
UINN <ole  INTINAIMNYIAIDUAY

Hamiltonian treatment of general relativity; classical boundary-value problem;
path-integral in quantum gravity; spin 1/2 fermions; Hamiltonian formulation of supergravity;
quantum amplitude; semi-classical expansion; Ashtekar variables in general relativity and in
supergravity; quantum loop

Brsuslalmdeuluduivsamiily Jgmnanveuwauuupanadn nsusiusanuitiy
analifusismoudy esioaudsiialunse suuvuueialniloudmiuamaliuiieinds Lounage
mewdil Msnszanefananadn fulsuevnailudiimsawinluuarlumialiuniends aeusigy

Dissertation

NWTP 699 Dissertation 36(0-108-0)
UINN ol INGITNUS
Carrying out literatures review; developing research proposals with advisor and

conducting research in theoretical physics with academic ethics; noticing and applying of critical skills
in the spirit of paradigms in the philosophy of natural theories; dissertation writing; dissertation
presenting; dissertation defending; publishing research outputs in high standard journals

MMUMUITTINTIIUAINs IR e eI femailandvgui Samfuenansdiuinw
Inenlinud anfiufanssuidenivasusssumivinisuazldnszuiuirmliddninslunisaumau
aumnaunavaensyuIrdluUS v e mgu AT usruusTIuYIA MsWigwineinug nsdaueuay
aovinendnug msafssinanAdelunsansifnnsgiugs

NWTP 799 Dissertation 48(0-144-0)
UINN ol INGITNUS

Carrying out literatures review; developing research proposals with advisor and conducting
research in theoretical physics with academic ethics; noticing and applying of critical skills in the spirit
of paradigms in the philosophy of natural theories; dissertation writing; dissertation presenting;
dissertation defending; publishing research outputs in high standard journals

MIMUMUTIINTIIRUAINs IR e eI femailAndvgui amiuenansdiuinwm
Inefnus adiufanssuidenigatesssuniaivinsuazlynszuiuimilginnglunisaiuniau
aumnaNnavraInsyUIAlluUS v wemg u AT usTuUsTINYIA NsWiswineninug nsdLaueuay
aeUInendnus msdfainaniAdelunsmsitinasgugs



1 Name: Professor Dr. Burin Gumjudpai

Curriculum Vitae of the Faculty in Charge of the Program
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Appendix B

Education
Degree Degree Name Institute Year of
Graduation
Ph.D. Cosmology University of Portsmouth, U.K. 2003
M.Econ. Financial Economics National Institute of 2020
Development Administration
M.Sc. Physics University of Sussex, U.K. 1999
B.S. Physcis Chiang Mai University, Thailand 1996
Affiliation: Centre for Theoretical Physics and Natural Philosophy, Nakhon Sawan Campus,

Mahidol University

Interesting Research Topics or Specialties

1. Gravity

2. Cosmology

3. Thermodynamics

4. Physics of social system

Academic work as not part of the study for degree certificate and published and

disseminated

in accordance with the stipulated criteria

appointment in five retrospective years *

regarding academic rank
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Types of

Academic Work

Title

Published

research work

[1] Kaeonikhom, C., Rangdee, P., Hooshyar, A., Ssadullahi,
Gumjudpai, B., Schewtschenko, J., & Wands, D. (2020,
December). Qualitative dynamics of interacting vacuum
cosmologies. Physical Review D, 102,
10.1103/PhysRevD.102.123519.

[2] Kritpetch, C., Muhammad, C., & Gumjudpai, B. (2020,

December). Holographic dark energy with non-minimal

derivative coupling to gravity effects. Physics of the Dark

Universe, 30, 10.1016/j.dark.2020.100712

[3] Gumjudpai, B., “Thermodynamics Formulation of
Economics,” Proceedings of International Conference
on Thermodynamic 2.0., 22-24 June 2020. Worcester,
MA, USA, 9-12.

[4] Kritpetch, C., Sanongkhun, J., Vanichchapongjaroen, P.,
& Gumjudpai, B. (2020, May). Nonlinear Schrédinger-
type formulation of scalar field cosmology: Two
barotropic fluids and exact solutions. Modern Physics
Letters A, 35, (19),10.1142/50217732320501576.

Books

a 1

Y3uns Mdnde (2563), 315918381 Uguum, AnENITUNIS
MLaFaFSEUUAI TN IUNING ), 381 BTN
(ISBN 978-616-7902-34-0)

Standard

Criteria | Year of
and [Publication

Weights
12,1 2020
12,1 2020
11,0.4 2020
12,1 2020
7,1 2020

Assigned Teaching Load for the Proposed Program
NWTP 701 Philosophy of Natural Systems 1(1-0-2)
NWTP 751 General Relativity 4(4-0-8)

NWTP 699 Dissertation 36 (0-108-0)
NWTP 799 Dissertation 48 (0-144-0)
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2. Name: Lecturer Dr. Nandan Roy

Education
Degree Degree Name Institute Year of Graduation
Ph.D. Physics Indian Institute of Science 2015
Education and Research
Kolkata, India

M.Sc. (First Class) Physics Vidyasagar University, India 2008

B.Sc. (First Class Physics Vidyasagar University, India 2006
Hons.)

Affiliation: Centre for Theoretical Physics and Natural Philosophy, Nakhon Sawan Campus,
Mahidol University

Interesting Research Topics or Specialties

1. Study of scalar field models of dark energy using dynamical systems analysis and recent
cosmological data.

2. Dynamical system analysis and it’s application in cosmology and general relativity.

3. The Critical phenomenon in gravitational collapse.

4. Signature of chaos in gravity and cosmology.

5. Stability properties of the astrophysical fluid under strong gravity through the linearized
and non-linear perturbation analysis.

6. Application of Machine learning to cosmology.

Academic work as not part of the study for degree certificate and published and
disseminated in accordance with the stipulated criteria regarding academic rank

appointment in five retrospective years *
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Types of Title Standard| Year of
Academic Work Criteria [Publication
and
Weights
Published [1] Linares Cedeno, F. X., Roy, N., & Urena-Lopez, L. A. 12,1 2021
research work (2021, December). Tracker phantom field and a

cosmological constant: dynamics of a composite dark
energy model. Physical Review D, 104, (12),
10.1103/PhysRevD.104.123502

[2] Urena-Lopez, L. A.,, & Roy, N. (2020, September). 12,1 2020
Generalized tracker quintessence models for dark
energy. Physical Review D, 102, (6),
10.1103/PhysRevD.102.063510.

[3] Das, S., Banerjee, M., & Roy, N. (2019, August). Dynamical 12,1 2019
system analysis for steep potentials. Journal of
Cosmology and Astroparticle Physics, 2019, (8),
10.1088/1475-7516/2019/08/024

[4] Roy, N., & Bamba, K. (2019, June). Arbitrariness of 12,1 2019
potentials in interacting quintessence models. Physical
Review D, 99, (12), 10.1103/PhysRevD.99.123520.

Assigned Teaching Load for the Proposed Program
NWTP 741 Non-linear Dynamics 2(2-0-4)
NWTP 699 Dissertation 36 (0-108-0)
NWTP 799 Dissertation 48 (0-144-0)




3. Name: Lecturer Dr. Pradeep Bhadola

Education
Degree Degree Name Institute Year of
Graduation
Ph.D. Physics University of Delhi, India 2016
M.Sc. (First Class) Physics University of Delhi, India 2008
B.Sc. (First Class Hons.) Physics University of Delhi, India 2006

Affiliation: Centre for Theoretical Physics and Natural Philosophy, Nakhon Sawan Campus,

Mahidol University

Interesting Research Topics or Specialties

1. Complex system and Network

2. Computational Physics
3. Statistical Mechanics
a4

Econophysics

Academic work as not part of the study for degree certificate and published and

disseminated in accordance with the stipulated criteria regarding academic rank

appointment in five retrospective years *

Types of

Academic Work

Title

Standard
Criteria
and
Weights

Year of

Publication




69

Published

research work

[1] Sujaritpong, O., Yoo-Kong, S., & Bhadola, P. (2021,
January). Analysis and dynamics of the international coffee
trade network. Journal of Physics: Conference Series, 1719,
(1), 10.1088/1742-6596/1719/1/012106.

[2] Saichaemchan, S., & Bhadola, P. (2021, January).
Evolution, structure and dynamics of the Thai stock market:
A network perspective. Journal of Physics: Conference Series,
1719, (1), 10.1088/1742-6596/1719/1/012105.

[3] Bhadola, P., Saichaenchan, S., & Deo, N. (2020,
December). Spectral analysis of financial threshold networks.
Indian Academy of Sciences Conference Series, 3, (1), 151-
160.

[4] Bhadola, P., & Deo, N. (2019, April). Evolution and
dynamics of the currency network. New Economic Windows:
New Perspectives and Challenges in Econophysics and
Sociophysics, 133-145.

[5] Bhadola, P., & Deo, N. (2019, October). Spectral and
network method in financial time series analysis: A study on
stock and currency market. Network Theory and Agent-Based

Modeling in Economics and Finance, 331-351.

11,04

11,0.4

11,0.4

11,0.4

12,1

2021

2021

2020

2019

2019

Assigned Teaching Load for the Proposed Program
NWTP 641 Complex and Adaptive Systems — 2(2-0-4)
NWTP 699 Dissertation 36 (0-108-0)
NWTP 799 Dissertation 48 (0-144-0)
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Full time instructors

1. Name: Lecturer Dr. Kumar Abhinav

Education
Degree Degree Name Institute Year of
Graduation
Ph.D. Physics Indian Institute of Science 2015
Education and Research
Kolkata, India
M.Sc. (First Class) Physics Dibrugarh University, India 2005
B.Sc. (First Class Physics Dibrugarh University, India 2003
Hons.)

Affiliation: Centre for Theoretical Physics and Natural Philosophy, Nakhon Sawan Campus,
Mahidol University

Interesting Research Topics or Specialties

1. Topological gauge theory
2. Effective gravity

3. Integrable and non-integrable deformations, pseudo-Hermitian systems.

Academic work as not part of the study for degree certificate and published and
disseminated in accordance with the stipulated criteria regarding academic rank

appointment in five retrospective years *

Types of Title Standard Year of
Academic Work Criteria Publicati
and on
Weights
Published [1] K. Abhinav , |. Mukherjee & P. Guha. 12,1 2022

research work | (2022,May). Non-holonomic and quasi-integrable
deformations of the AB equations. Physica D:
Nonlinear Phenomena, (433),
10.1016/j.physd.2022.133186.

12,1 2020
[2] Abhinav, K., Guha, P., & Mukherjee, I. (2020,

January). Analysis and comparative study of non-

holonomic and quasi-integrable deformations of
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the nonlinear Schrodinger equation. Nonlinear
Dynamics, 99, (2), 1179-1194.

[3] Abhinav, K., Guha, P., & Mukherjee, I. (2018,
October). Study of quasi-integrable and non-
holonomic deformation of equations in the NLS
and DNLS hierarchy. Journal of Mathematical
Physics, 59, (10), 10.1063/1.5019268.

12,1

2018

Assigned Teaching Load for the Proposed Program
NWTP 702 Symmetries and Lie Algebra in Physics 2(2-0-4)
NWTP 801 Geometry and Topology in Physics 3(3-0-6)
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Appendix C

Curriculum Mapping

o Major responsibility

2 Minor responsibility

Interpers
onal
Morality . Mathematical
d « led Intellectual | relations Analytical
: an nowledge nalytica
Subjects 3 skills hip and
Ethics . thinking
Responsi
bility
1.1 2112223 |31|32|33 4.1 5.1 5.2
1.Required courses
NWTP 511 Classical Dynamics o ® &6 6 6 & o ® o o
NWTP 512 Quantum Mechanics o ® &6 6 6 &6 o o o o
NWTP 531 Fluid Dynamics o ® &6 6 6 &6 ©o o o o
NWTP 601 Integrable System o ® &6 6 & & o ® o ®
NWTP 611 Classical Field Theory o ® &6 6 6 & o ® o ®
NWTP 641 Complex and Adaptive Systems o ® 6 6 &6 & ©° o o o
NWTP 691 Theoretical Physics and Natural
_ _ y ® © &6 6 o6 o o o [ ®
Philosophy Seminar
NWTP 701 Philosophy of Natural Systems o O &6 6 &6 & o o ® o
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Interpers

onal
Morality Mathematical
q « led Intellectual | relations Analviical
. an nowledge nalytica
Subjects s skills hip and 4
Ethics . thinking
Responsi
bility
1.1 21 (22|23 |31|32|33 4.1 5.1 5.2
NWTP 702 Symmetries and Lie Algebra in
C ey : © o 00000 o o o
Physics
NWTP 741 Non-linear Dynamics o ® &6 6 6 &6 ©o o o o
NWTP 801 Geometry and Topology in Physics o ® &6 6 6 &6 ©o o o o
2. Elective courses
NWTP 501 Mathematical Methods of Physics o ® &6 6 6 &6 o o o o
NWTP 502 Green’s Functions and Propagations o O &6 6 &6 & ©° o o o
NWTP 503 Numerical Methods in Physics o ® 6 6 &6 & ©° o o o
NWTP 513 Classical Electrodynamics o ® &6 6 & & o ® o ®
NWTP 521 Equilibrium Thermodynamics and
4 g ® ©6 0600600 o© o o
Phase Transitions
NWTP 522 Equilibrium Statistical Mechanics
oo ® ©6 060000 © o o
and Kinetic Theory
NWTP 532 Vibrations and Waves ® ® &6 6 &6 6 ©o ® o ®
NWTP 551 Special Relativity ® o &6 6 6 0 © o o o
NWTP 611 Classical Field Theory o O &6 6 & & o o ® o
NWTP 612 Relativistic Quantum Mechanics ® ® &6 6 6 6 o o o o
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Interpers

onal
Morality Mathematical
q « led Intellectual | relations Analviical
. an nowledge nalytica
Subjects s skills hip and 4
Ethics . thinking
Responsi
bility
1.1 2112223 |31|32|33 4.1 5.1 5.2
NWTP 613 Quantum Mechanics and Path
o O &6 6 &6 0 o ® o ®
Integrals
NWTP 614 Particles and Fields ® o & &6 &6 0 o ® o ®
NWTP 631 Signals and Systems o ® &6 6 6 &6 o o o o
NWTP 681 Statistics for Physics o ® &6 6 6 &6 ©o o o o
NWTP 682 Computer Simulation for Physics o ® &6 6 &6 & ©° o o o
NWTP 711 Relativistic Quantum Fields | o o 6 6 6 6 ° o o ®
NWTP 712 Relativistic Quantum Fields I ® o 6 6 6 0 ° ® o ®
NWTP 713 Soliton and Instanton o ® &6 6 6 &6 ©o o o o
NWTP 714 Quantum Fields in Curved
. ® o 6 &6 6 6 ° ® o ®
Spacetime
NWTP 715 Finite Temperature Field Theory o ® 6 6 &6 & o o o o
NWTP 721 Non-equilibrium Thermodynamics ® o &6 6 6 0 © ® o ®
NWTP 722 Advanced Statistical Mechanics o ® &6 6 6 &6 o o o o
NWTP 723 Non-Equilibrium Statistical
, i ® o &6 6 6 0 o ® o ®
Mechanics
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Interpers

onal
Morality Mathematical
q « led Intellectual | relations Analviical
. an nowledge nalytica
Subjects s skills hip and 4
Ethics . thinking
Responsi
bility
1.1 21 (22|23 |31|32|33 4.1 5.1 5.2
NWTP 731 Turbulence o BN BN BN BN BN J o o o
NWTP 732 Fluctuations in Physical Systems o ® &6 6 & & o o o ®
NWTP 733 Synchronization o ® &6 6 6 &6 o o o o
NWTP 734 Condensed Matter Physics o ® &6 6 6 &6 ©o o o o
NWTP 735 Granular Physics o ® &6 6 & & o ® o ®
NWTP 742 Complex Network o O &6 6 &6 & ©° o o o
NWTP 743 Scaling o ® &6 6 & & o ® o ®
NWTP 744 Self-Organization and Pattern
| : ® o o 060600 o o o
Formation
NWTP 751 General Relativity o ® &6 6 & & o o o ®
NWTP 761 Cosmology o ® &6 &6 &6 & ©° o o o
NWTP 762 The Early Universe o ® &6 6 6 & o o o ®
NWTP 763 Observational Cosmology o ® &6 6 &6 & ©° o o o
NWTP 771 Physics of Economy and Financial
Y Y ® BN BN BN BN BN J ® o ®
System
NWTP 772 Physics of Social System o ® 6 &6 &6 & ©° o o o
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Interpers

Morality onal Mathematical
Intellectual | relations .
Subjects and Knowledge kills hip and Analytical
Ethics thinking
Responsi
bility
1.1 21 (22|23 |31|32|33 4.1 5.1 5.2
NWTP 773 Physics of Ecological System o ® &6 6 6 &6 o o o o
NWTP 774 Physics of Traffics o O &6 6 6 & o o o ®
NWTP 781 Probability, Entropy, Information P o o oo 0 o P Py P
and Communication
NWTP 782 Bayesian Data Analysis o ® 6 &6 &6 & ©° o o o
NWTP 783 Time Series Analysis o ® &6 6 &6 6 ©o o o ®
NWTP 784 Random Matrix Theory o ® &6 6 6 &6 o o o o
NWTP 785 Stochastic Calculus for Physics o ® &6 6 6 &6 ©o o o o
NWTP 786 Applied Game Theory and P o o oo 0 o P Py P
Evolutionary Dynamics
NWTP 811 Supersymmetry and Supergravity o ® 6 6 &6 & ©° o ® o
NWTP 812 String Theory o ® &6 6 6 &6 ©o o o o
NWTP 813 Statistical Field Theory o ® &6 6 6 & o o o ®
NWTP 814 Loop Quantum Gravity o O 6 &6 &6 & ©° o o o
NWTP 815 Advanced Quantum Field Theory o ® &6 6 6 & o o o ®
NWTP 816 Topological gauge theory and PY o oo 0 0 o PY P PY
geometrical phases
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Interpers

onal
Morality Mathematical
q « led Intellectual | relations Analviical
. an nowledge nalytica
Subjects s skills hip and 4
Ethics . thinking
Responsi
bility
1.1 21 (22|23 |31|32|33 4.1 5.1 5.2
NWTP 821 Theory of Critical Phenomena o ® &6 6 6 & o o o ®
NWTP 822 Phase Transitions in Classical Field
® o 6 &6 6 6 o ® o ®
Theory
NWTP 841 Synergetics | ® ® &6 6 &6 & © ® o ®
NWTP 842 Synergetics Il o O &6 6 6 &6 o ® o o
NWTP 843 Catastrophe Theory o ® 6 6 &6 & ©° o ® o
NWTP 844 Random Walk and Renormalizations o O 6 &6 &6 & ©° o o o
NWTP 851 Advanced General Relativity o ® &6 6 6 &6 o o o o
NWTP 852 Scalar-Tensor Theory of Gravitation o ® &6 6 6 & o o o ®
NWTP 853 Dark Energy and Modifications of
_ > ® © &6 6 o6 o o ® [ ®
Gravity
NWTP 854 Gauge Symmetries in Gravitation o ® &6 6 6 &6 ©o o o o
NWTP 855 Physics of Black Holes o ® &6 6 6 & o o o ®
NWTP 856 Theoretical Foundations of
o o 6 &6 6 0 o ® o ®
Cosmology
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Interpers

onal
Morality Mathematical
q « led Intellectual relations Analviical
. an nowledge nalytica
Subjects s skills hip and 4
Ethics . thinking
Responsi
bility
1.1 211 22|23 |31 |32| 33 4.1 5.1 5.2
NWTP 861 Cosmic Microwave Background
o : o ® &6 6 6 o o o o o
Radiation
NWTP 862 Quantum Cosmology o ® &6 6 6 &6 o o o o
3. Dissertations
NWTP 699 Dissertation o ® &6 6 6 o o o o o
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Table of Relationship between Learning Outcomes of the Program and Core Value of Mahidol University
Learning Outcomes (as stated in Section 5, item no. 2) Core value of Mahidol University
1. Morality and Ethics
1.1 Possessing consciousness and awareness in order to act according to complicated Integrity, Altruism
ethics in academics and generosity
2. Knowledge
2.1 Possessing profound knowledge and understanding in the principle and theories of (1) Mastery
philosophy of natural systems (2) physics with equation of motion (3) physics with equation
of state
2.2 Possessing deep knowledge in a sub-discipline of theoretical physic such that the Mastery, Determination
student is able to self-motivated track the subject progress in order to synthesize one
themself
2.3 Possessing sufficient knowledge in nature of theory to analyses and critique theories Mastery, Harmony, Determination, Originality
about nature
3. Intellectual Skills

3.1 Able to analyze theories in physics and applied such principle to the real world. Mastery, Determination
3.2 Solving theoretical physical problems with appropriate principles. Determination
3.3 Being critical to the connection between physics and theories of other disciplines. Mastery, Determination, Originality

4. International Relationship and responsibility
4. 1Having Responsibilities and collaborating with others with cautiousness and good
interpersonal skills both as a leader and as a member of the team Altruism, Leadership, Harmony, Originality
5. Mathematical Analytical Thinking, Communication Skills, and Information
5.1 Able to study and interpret presentation in formats of table and diagrams also able to Mastery, Determination, Originality, Leadership
select an appropriate statistic or advance mathematics in research and suggesting problem

solving directions.
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Learning Outcomes (as stated in Section 5, item no. 2) Core value of Mahidol University
5.2 Able to utilize information technology to search, compile, interpret and present Mastery, Determination, Originality

appropriately.
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Appendix D

Program Learning Outcomes

Table 1: Comparison between before and after revised objective of the program

Objective of the Program (2023)

1. Students possess morals and ethics such as ability to resolve conflict of interests,
being honest by not conducting plagiarism in academic work, realization in rights

and duties of citizen.

2. Students possess deep knowledge and contemplating the unite structure of

theoretical physics.

3. Students possess self- motivation in studying, good skills in analyzing and

synthesizing of theoretical physics knowledge.

4. Students possess self- control ability, duty and personal responsibility, social
relation building capacity, understanding and realization of roles in teamwork as

leader and team members and acting accordingly to the roles.

5. Student possess abilities to interprete, communicate (including listening, reading,
speaking and writing), selecte appropriate statistical and mathematical tools in

modeling and problems solving, and use computational skills and information

technology appropriately.
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Table 2: Relationship between objective of the program and program learning outcome

Objective of the Program Program Learning Outcome*
PLO1 | PLO2 | PLO3 | PLO4 | PLO5

Students possess morals and ethics such as v
ability to resolve conflict of interests, being
honest by not conducting plagiarism in
academic work, realization in rights and duties

of citizen.

Students possess deep knowledge and v
contemplating the unite structure of

theoretical physics.

Students possess self-motivation in studying, v
good skills in analyzing and synthesizing of

theoretical physics knowledge.

Students possess self-control ability, duty and v
personal responsibility, social relation building
capacity, understanding and realization of
roles in teamwork as leader and team

members and acting accordingly to the roles.

Student possess abilities to interprete, v
communicate ( including listening, reading,
speaking and writing) , selecte appropriate
statistical and mathematical tools in modeling
and problems solving, and use computational

skills and information technology

appropriately.

PLO1

PLO2
PLO3

PLO4

PLOS

Understanding of rights and duties of themselves as a citizen of a country and of the
world, and possessing moral and theoretical physics professional values

Having profound knowledge and understanding core principles of theoretical physics
Having intellectual characters and skills in logically criticizing, analyzing and synthesizing
theoretical physics knowledge or philosophical concepts of natural systems

Having skills in building relation in team working environment and showing self-
responsibility and open-minded perspective

Having good skills in communication, using information technology and data analyzing with

appropriate mathematical and statistical tools
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Domains

Standard Learning Outcomes
(TQF)

Program Learning Outcomes

PLO1

PLO2

PLO3

PLO4

PLO5

Morality and
Ethics

1.1 Possess consciousness and
awareness in order to act
according to complicated ethics

in academics and generosity.

Knowledge

2.1 Possess profound knowledge
and  understanding in  the
principle and theories of ( 1)
philosophy of natural systems (2)
physics with equation of motion

(3) physics with equation of state

2.2 Possessing deep knowledge in
a sub- discipline of theoretical
physic such that the student is
able to self-motivated track the
subject progress in order to

synthesize one themself

2. 3 Possessing sufficient
knowledge in nature of theory to
analyses and critique theories

about nature

Intellectual Development

3.1 Being able to analyze theories
in  physics and applied such

principle to the real world.

3.2 Solving theoretical physical
problems  with  appropriate

principles.

3. 3 Being critical to the
connection between physics and

theories of other disciplines.

Interpersonal
Relationship and

Responsibility

4.1 Having Responsibilities and
collaborating with others with
cautiousness and good
interpersonal skills both as a
leader and as a member of the

team
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Standard Learning Outcomes

Program Learning Outcomes

interpret and present

appropriately.

Domains
(TQF) PLO1 PLO2 | PLO3 | PLO4 | PLO5
5.1 Able to study and interpret
i) presentation in formats of table
Lf and diagrams also able to select
o an  appropriate  statistic  or v
‘% advance mathematics in research
§ and suggesting problem solving
g directions.
S 5.2 Able to utilize information
g technology to search, compile, y
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Table 4: Learning and Assessment Strategies for Program Learning Outcomes Evaluation

PLOs

Learning Method

Assessment

PLO1

Understanding of
rights and duties of
themselves as a
citizen of a country
and of the world,
and possessing
moral and
theoretical physics

professional values

1.1 Faculty members create and
maintain good institutional culture
wherein duties, rights, using shared
resources and generosity are of
concerned.

1. 2 Faculty members are role
model in academic integrity and is
mentioned in the courses where

suitable.

1. 1 Punctual and rule

behaviors are observed.

respect

1.2 No plagiarism, and work of others
are fully respected by include a
proper accurate reference when
needed.

1.3 Role and generosity in activities

are observed.

PLO2 Having
profound

knowledge and
understanding core
principles of

theoretical physics

2.1 Encouraging questions in class
so that the knowledge and theories
are investigated rigorously for
validity and soundness

2. 2 Assigning work in from of
research, report and presentation
are given with well- informed
feedback from faculty members.
2.3 Routinely arranging academic
seminar so to turn it to culture

2. 4 Supporting participation in
learning activities such as presenting
academic

research  works in

conference

2.1 Qualifying examination, midterm
examination, and final examination
2.2 Assigned works

2.3 In class presentations

2.4 Behaviour in developing the
dissertation, proposal examination,
and dissertation examination are

observed

PLO3 Having
intellectual
characters and
skills in logically
criticizing,
analyzing and

synthesizing
theoretical physics

knowledge or

3.1 Training in critical thinking and

dialoguing with instructor where
appropriate in courses

3.2 Teaching based on analysis of
case study and hypothetical
situation

3.3 Assigned work to study, analyze,
synthesize, predict and critique in

form of reports or presentations

3.1 Evaluating form works and
behaviour such as questions asked
to the case study and hypothetical
situation

3.2 Critical-thinking-based
examination or oral examination
3.3 Answer given to the question in
proposal examinations and

dissertation examinations
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PLOs

Learning Method

Assessment

philosophical
concepts of natural

systems

PLO4 Having skills
in building relation
in team working
and
self-

responsibility and

environment
showing
open- minded

perspective

4.1 Organizing class with group
works and assignments that require
collaboration

4.2 Organizing activities with various
motivate  self-

duties and

development

4.1 Participations and role in the
group activities are observed.

4.2 Working behaviors both in
individual works and group works
are observed.

4.3 Participations in discussion and

dialogue are observed.

PLO5 Having good
skills  in using
information

technology and in
data analyzing with
appropriate

mathematical and

statistical tools

5.1 Analyzing hypothetical situation
related to numerical analysis.

5.2 Setting up learning experience
to promote student skills in
selection and usage of information
technologies.

5.3 Stimulating student to
communicate in various forms and

methods.

5.1 Evaluating form presentation
techniques that use information
technologies, mathematic or
statistics.

5.2 Evaluating skills of delivering an
explanation and discussion in class.
5.3 Evaluating from critical thinking
skills reflect in assignments and the

dissertation.




87

Table 5: Relationship between Courses of the Program and Program Learning Outcomes

Code Name Credits PLOs
1 2 3 4 5
1.Required courses
NWTP 511 | Classical Dynamics 2(2-0-4) | P P P
NWTP 512 | Quantum Mechanics 2(2-0-4) | P P R P
NWTP 521 Equilibrium Thermodynamics and Phase | 2(2-0-4) | P P R P
Transitions
NWTP 531 | Fluid Dynamics 2(2-0-4) P |P |R |R |P
NWTP 601 | Integrable System 2(2-04) P |P |R |R |P
NWTP 611 | Classical Field Theory 2(2-0-4) |P |P |R |R |P
NWTP 641 | Complex and Adaptive Systems 2(2-0-4) | P P R R P
Theoretical ~ Physics  and Natural | 1(1-0-2) |M |R M | P P
NWTP 691
Philosophy Seminar
NWTP 701 | Philosophy of Natural Systems 1(1-0-2) | P P R R P
NWTP 702 | Symmetries and Lie Algebra in Physics 2(2-0-4) | P P R R P
NWTP 741 | Non-linear Dynamics 220-4) |P |P |R |R [P
NWTP 801 | Geometry and Topology in Physics 3(3-0-6) | P P R R P
2. Elective courses
NWTP 501 | Mathematical Methods of Physics 2(2-0-4) | P P R R P
NWTP 502 | Green’s Functions and Propagations 2(2-0-4) | P P R R P
NWTP 503 | Numerical Methods in Physics 2(2-0-4) | P P R R P
NWTP 513 | Classical Electrodynamics 2(2-0-4) | P P R R P
NWTP 522 Equilibrium  Statistical Mechanics and | 2(2-0-4) | P P |R |R [P
Kinetic Theory
NWTP 532 | Vibrations and Waves 220-4) |P |P |R |R [P
NWTP 551 | Special Relativity 22-0-4) |P |P |R |R |P
NWTP 612 | Relativistic Quantum Mechanics 2(2-0-4) | P P R R P
NWTP 613 | Quantum Mechanics and Path Integrals 2(2-0-4) | P P R R P
NWTP 614 | Particles and Fields 2(2-0-4) | P P R R P
NWTP 631 | Signals and Systems 2(2-0-4) | P P R R P
NWTP 681 | Statistics for Physics 2(2-0-4) | P P R R P
NWTP 682 | Computer Simulation for Physics 2(2-0-4) | P P |R |R [P
NWTP 711 | Relativistic Quantum Fields | 3(3-0-6) | P P R R P
NWTP 712 | Relativistic Quantum Fields |l 3(3-0-6) | P P R R P
NWTP 713 | Soliton and Instanton 3(3-0-6) |P |P |R |R |P
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PLOs

Code Name Credits
2| 3|4 |5
NWTP 714 | Quantum Fields in Curved Spacetime 3(3-0-6) | P P |R |R [P
NWTP 715 | Finite Temperature Field Theory 3(3-0-6) |P P R R P
NWTP 721 | Non-equilibrium Thermodynamics 3(3-0-6) | P P R R P
NWTP 722 | Advanced Statistical Mechanics 3(3-0-6) |P |P |R |R |P
NWTP 723 | Non-Equilibrium Statistical Mechanics 3(3-0-6) | P P R R P
NWTP 731 | Turbulence 3(3-0-6) | P P R R P
NWTP 732 | Fluctuations in Physical Systems 3(3-0-6) | P P R R P
NWTP 733 | Synchronization 3(3-0-6) | P P R R P
NWTP 734 | Condensed Matter Physics 3(3-0-6) | P P |R |R |P
NWTP 735 | Granular Physics 3(3-0-6) | P P R R P
NWTP 742 | Complex Network 3(3-0-6) | P P IR |R |P
NWTP 743 | Scaling 3(3-0-6) P P R R P
NWTP 744 | Self-Organization and Pattern Formation 3(3-0-6) | P P R R P
NWTP 751 | General Relativity 44-0-8) |P |P |R |R |P
NWTP 761 | Cosmology 33-06) |P |P |[R |R |P
NWTP 762 | The Early Universe 3(3-0-6) P P R R P
NWTP 763 | Observational Cosmology 3(3-0-6) |P |P |R |R [P
NWTP 771 | Physics of Economy and Financial System | 3(3-0-6) | P P R R P
NWTP 772 | Physics of Social System 3(3-0-6) |P |P |R |R |P
NWTP 773 | Physics of Ecological System 3(3-0-6) | P P R R P
NWTP 774 | Physics of Traffics 3(3-0-6) |P |P |R |R |P
NWTP 781 Probability, Entropy, Information and | 3(3-0-6) |P P R R P
Communication
NWTP 782 | Bayesian Data Analysis 3(3-0-6) |P |P |R |R [P
NWTP 783 | Time Series Analysis 3(3-0-6) |P P R R P
NWTP 784 | Random Matrix Theory 3(3-0-6) | P P R R P
NWTP 785 | Stochastic Calculus for Physics 3(3-0-6) | P P R R P
NWTP 786 Applied Game Theory and Evolutionary | 3(3-0-6) (P |P |R |R |P
Dynamics
NWTP 811 | Supersymmetry and Supergravity 3(3-0-6) | P P R R P
NWTP 812 | String Theory 3(3-0-6) | P P R R P
NWTP 813 | Statistical Field Theory 3(3-0-6) |P |P |R |R [P
NWTP 814 | Loop Quantum Gravity 3(3-0-6) |P |P |R |R |P
NWTP 815 | Advanced Quantum Field Theory 3(3-0-6) | P P R R P
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PLOs

Code Name Credits

2 3 4 5

NWTP 816 Topological gauge theory and geometrical | 3(3-0-6) | P P |R |R [P
phases

NWTP 821 | Theory of Critical Phenomena 3(30-6) |P |P |R |R [P
NWTP 822 | Phase Transitions in Classical Field Theory | 3(3-0-6) | P P R R P
NWTP 841 | Synergetics | 3(3-0-6) |P |P |R |R [P
NWTP 842 | Synergetics |l 3(3-0-6) |P |P |R |R [P
NWTP 843 | Catastrophe Theory 3(3-0-6) |P |P |R |R |P
NWTP 844 | Random Walk and Renormalizations 3(3-0-6) | P P R R P
NWTP 851 | Advanced General Relativity 3(3-0-6) |P |P |R |R |P
NWTP 852 | Scalar-Tensor Theory of Gravitation 3(3-0-6) | P P R R P
NWTP 853 | Dark Energy and Modifications of Gravity 3(3-0-6) | P P R R P
NWTP 854 | Gauge Symmetries in Gravitation 3(3-0-6) | P P R R P
NWTP 855 | Physics of Black Holes 3(3-0-6) | P P R R P
NWTP 856 | Theoretical Foundations of Cosmology 3(3-0-6) | P P R R P
NWTP 861 | Cosmic Microwave Background Radiation 3(3-0-6) | P P R R P
NWTP 862 | Quantum Cosmology 3(3-0-6) | P P R R P
3. Dissertation
NWTP 699 | Dissertation 36(0(;)108_ R e L
NWTP 799 | Dissertation 48(0(;)144' S e R R

| = ELO is introduced & assessed

P = ELO is practiced & assessed

R = ELO is reinforced & assessed

M = Level of Mastery is assessed
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Table 6: The expectation of learning outcomes at the end of the academic year

Students with Master’s Degree

Year of
tud Knowledge, skills, and any other expected learning outcomes
study

1 - Having profound knowledge and understanding core principles of theoretical physics

- Having skills in building relation in team working environment and showing self-
responsibility and open-minded perspective

- Having good skills in communication, using information technology and data analyzing

with appropriate mathematical and statistical tools

2" - Having profound knowledge and understanding core principles of theoretical physics

- Having skills in building relation in team working environment and showing self-
responsibility and open-minded perspective

- Having good skills in communication, using information technology and data analyzing
with appropriate mathematical and statistical tools

- Havingintellectual characters and skills in logically criticizing, analyzing and synthesizing

theoretical physics knowledge or philosophical concepts of natural systems

3" - Having profound knowledge and understanding core principles of theoretical physics

- Having skills in building relation in team working environment and showing self-
responsibility and open-minded perspective

- Having good skills in communication, using information technology and data analyzing
with appropriate mathematical and statistical tools

- Havingintellectual characters and skills in logically criticizing, analyzing and synthesizing
theoretical physics knowledge or philosophical concepts of natural systems

- Understanding of rights and duties of themselves as a citizen of a country and of the

world, and possessing moral and theoretical physics professional values

Students with Bachelor’s Degree

Year of ) )
tud Knowledge, skills, and any other expected learning outcomes
study
1% - Having skills in building relation in team working environment and showing self-
responsibility and open-minded perspective
2" - Having skills in building relation in team working environment and showing self-

responsibility and open-minded perspective
- Having good skills in communication, using information technology and data analyzing

with appropriate mathematical and statistical tools

3" - Having profound knowledge and understanding core principles of theoretical physics
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Having skills in building relation in team working environment and showing self-
responsibility and open-minded perspective

Having good skills in communication, using information technology and data analyzing
with appropriate mathematical and statistical tools

Having intellectual characters and skills in logically criticizing, analyzing and synthesizing

theoretical physics knowledge or philosophical concepts of natural systems

4th

Having profound knowledge and understanding core principles of theoretical physics
Having skills in building relation in team working environment and showing self-
responsibility and open-minded perspective

Having good skills in communication, using information technology and data analyzing
with appropriate mathematical and statistical tools

Having intellectual characters and skills in logically criticizing, analyzing and synthesizing
theoretical physics knowledge or philosophical concepts of natural systems
Understanding of rights and duties of themselves as a citizen of a country and of the

world, and possessing moral and theoretical physics professional values

5th

Having profound knowledge and understanding core principles of theoretical physics
Having skills in building relation in team working environment and showing self-
responsibility and open-minded perspective

Having good skills in communication, using information technology and data analyzing
with appropriate mathematical and statistical tools

Having intellectual characters and skills in logically criticizing, analyzing and synthesizing
theoretical physics knowledge or philosophical concepts of natural systems
Understanding of rights and duties of themselves as a citizen of a country and of the

world, and possessing moral and theoretical physics professional values




