PAGE  
2

FACULTY OF PHYSICS AND ASTRONOMY
ECTS COURSE CATALOGUE
2015/2016
Subject area of studies: 

PHYSICS and ASTRONOMY
Full-time doctoral studies
Semestr zimowy:

1. Doctoral seminar 
................................................................................3 

2. Lecture I – Introduction to plasma physics 
5 

3  Lecture II – Selected topics of general relativity theory 
7 

4. Doctoral seminar 
................................. 11 

5. Lecture III –  Radio Pulsars - Modern radio astronomy
.................. 14 

6. Lecture III – Linear and nonlinearwaves 
.................. 16 

7. Doctoral seminar 
.............................................................. 18 

8. Doctoral seminar 
................................... 21 

Semestr letni:

1. Doctoral seminar 
.........................22 

2. Lecture I – 
25 

3. Lecture I – Quantum optics ‒ elements 
26 

4. Lecture II – Astrophysics of Compact Objects 
28 

5. Lecture II – Quantum irreversible processes: decay processes 
31 

6. Doctoral seminar 
................................. 33 

7. Lecture III – Selected topics on dynamical systems investigations 
35 

8. Lecture III – Microscopic and macroscopic quantum phenomena
38 

9. Doctoral seminar 
.............................................................. 41 

 10. Doctoral seminar 
.............................................................. 44 

DOCTORAL SEMINAR
	Course code:
	13.2-WFiA-FiA-SD-ST

	Type of course:
	compulsory

	Language of instruction:
	Polish/English

	Director of studies:
	dr hab. Piotr LUBIŃSKI, prof. UZ

	Name of lecturer:
	dr hab. Piotr LUBIŃSKI, prof. UZ


	Forma
zajęć
	Liczba godzin w semestrze
	Liczba godzin w tygodniu
	Semestr
	Forma
zaliczenia
	Punkty
ECTS

	Full-time studies
	1

	Seminar
	30
	2
	1
	 PASS/FAIL
	


course AIM: 

Forming an ability of critical reading of scientific articles and other publications. Improvement of the skills of preparing and presenting orally a scientific report. Extending a knowledge in the fields of physics, astrophysics and medical physics 

ENTRY REQUIREMENTS:

Master degree in physics or astronomy. English competence level B2.

course contents:

Introductory material – presentation of the master thesis results.

Topics related to the planned PhD study 

- general characteristics of studied phenomena,

- review of research methods.

Nobel Prize 2015 in physics and medicine – discussion.

Recent discoveries in physics, astrophyics and medical physics.

New and planned satellite missions in X-ray astronomy.

Presentation of topics related to the subject of the PhD thesis.

TEACHING METHODS:

Unassisted reading of the literature, preparation and presentation of the oral report, discussion on the presented ideas and topics, consulting with the course lecturer.

learning outcomes, VERIFICATION AND assessment criteria:

	OUTCOME DESCRIPTION 
	OUTCOME CODES
	ASSESSMENT METHODS
	COURSE FORM

	PhD student exhibits a general knowledge at a most advanced level of physics and/or astronomy.
	SD_W01
	Assesment of the presentation performance,discussion
	seminar

	PhD student knows recent theories, research methods, rules and terms of physics and/or astronomy.
	SD_W02
	Assesment of the presentation performance,discussion
	seminar

	PhD student is able to formulate a research problem, to propose and perform a study leading to its solution.
	SD_U01
	Discussion, control during the seminar
	seminar

	PhD student understands a need of continuous self-study as a necessary condition of a creative participation in development of the practised discipline.
	SD_K01
	Discussion, control during the seminar
	seminar


EVALUATION TERMS:
Assesment of presentation performance, level of knowledge on a given subject, active participation in discussion. A necessary condition for the pass are at least two correct presentations and activity shown during seminar sessions.

STUDENT WORKLOAD:

Contact hours

1. seminar 30 hours,

2. consultation 3 hours

Individual work

3. preparation of the presentation 15 hours

In total 48 hours (1 ECTS)
Recommended reading:
1. http://www.sciencemag.org/

2. http://www.nature.com/
3. http://www.nobelprize.org/
optional reading:
http://arxiv.org/

COURSE DEVELOPment: dr hab. Piotr LUBIŃSKI
LECTURE I
Introduction to plasma physics
	Course code:
	13.2-WFiA- FiA-DNiTC-ST

	Type of course:
	optional

	Language of instruction:
	Polish/English

	Director of studies:
	prof. dr Krzysztof STASIEWICZ

	Name of lecturer:
	prof. dr Krzysztof STASIEWICZ


	Forma
zajęć
	Liczba godzin w semestrze
	Liczba godzin w tygodniu
	Semestr
	Forma
zaliczenia
	Punkty
ECTS

	Full-time studies
	4

	Lecture
	30
	2
	1
	EXAM
	


course AIM: 

To learn basic concepts and methods used to describe complex phenomena occuring in plasmas that represent a major part of the visible Universe. 

ENTRY REQUIREMENTS:

Electrodynamics, calculus
course contents:

Basic parameters of plasmas in space and laboratory

Charged particle motion in electromagnetic fields

Guiding centre motion, magnetic drifts, adiabatic invariants, magnetic mirrors

Plasma Fluid Theory

Kinetic equations, Moments of the distribution function, fluid equations, MHD, drift equations

Waves in Cold Plasmas

Plane waves, polarizations, cutoff and resonance, wave propagation, ray tracing

Applications of MHD equations
MHD waves, solar wind, interplanetary magnetic fields, magnetic dynamos, magnetic reconnection, MHD shocks

Kinetic theory of waves:

Dispersion functions, Landau damping, paralel and perpendicular propagation

Computer simulations used in plasma physics
TEACHING METHODS:

Lectures

LEARNING OUTCOMES VERIFICATION AND assessment criteria:

	OUTCOME DESCRIPTION
	OUTCOME CODES
	VERIFICATION METHODS
	COURSE FORM

	Knowledge
	SD_W02
	EXAM
	lecture

	Skills
	SD_U01
	EXAM
	seminar


EVALUATION TERMS:

Exam.

STUDENT WORKLOAD:

Participation in lectures, reading course literature, exercises.

Recommended reading:

1. R. Fitzpatrick, Introduction to Plasma Physics, 2010, dostępne na stronie: http://farside.ph.utexas.edu/teaching/plasma/plasma.html

optional reading:

1. T. Boyd, J. Sanderson, The Physics of Plasmas, Cambridge University Press, 2003.

2. M. Aschwanden, Physics of the Solar Corona, Springer, 2005. remarks:

remarks:

COURSE DEVELOPment: prof. dr Krzysztof STASIEWICZ
Lecture II

Selected topics of general

relativity theory
	Course code:
	13.2-WFiA-FiA- WZOTW-ST

	Type of course:
	optional

	Language of instruction:
	English

	Director of studies:
	dr hab. Maria PRZYBYLSKA, prof. UZ

	Name of lecturer:
	dr hab. Maria PRZYBYLSKA, prof. UZ

	Forma
zajęć
	Liczba godzin w semestrze
	Liczba godzin w tygodniu
	Semestr
	Forma
zaliczenia
	Punkty
ECTS

	Full-time studies
	4

	Lecture
	30
	2
	1
	EXAM
	


course AIM:
The aim of the first part of the course is to teach students the mathematical formalism of the general relativity theory. The main aim of the lecture is to familiarize  students with basic ideas of this theory, its consequences and applications to the description of certain physical and astronomical phenomena.
ENTRY REQUIREMENTS:
Knowledge of  mathematics on the level of ,,Analysis I  and II” and of physics on the level of ,,Fundamentals of physics i I, II, III i IV”  
course contents:
– Elements of differential geometry.  Notion of differential manifold, coordinates on differential manifold. Curves in Euclidean space, length of curve, Riemannian metrics, natural parametrisation of curve, curvature and torsions,  surfaces in R^3, hypersurfaces immersed in higher-dimensional flat spaces.  Tangent and cotangent spaces
– Elements of tensor algebra. Space dual to a vector space, multilinear mapping, transformation laws for tensors and tensor fields, algebraic operations on tensors, differential forms as skew-symmetric tensors, examples of applications of tensors in physics
· Elements of tensor analysis: affine connection, covariant derivative, Christoffel symbols, torsion, Riemannian connection, parallel displacement,  equation of parallel displacement, geodesics, curvature tensor, Euclidean coordinates, properties of the Riemann curvature tensor, curvature scalar

· Spacetime of general relativity, the relationship between spacetimes  of general and special relativity, the local inertial frames.

· The principle of equivalence, relativity,  minimal gravitational coupling and correspondence.

· Geodesic deviation and Einstein's equations in empty space. Newtonian limit of geodesic equations.

· Tensors of energy and momentum.

· Einstein's equations. Reasoning leading to formulation of these equations. The structure of Einstein's equations and their general properties.

· The Schwarzschild's solution. Reasoning leading to obtaining of this metrics and its properties. Geodesics in this metrics. Trajectories of massive particles and photons

· Tests of general relativity: precession of perihelion, the bending of light Schwarzschild black holes, singularities in the Schwarzschild metric, worldlines of radial photon and massive particle in Schwarzschild coordinates, Eddington-Finkelstein and Kruskal coordinates, wormholes and the Einstein-Rosen bridge.
TEACHING METHODS:
Conventional lecture with elements of mathematical methods (differential geometry and tensor analysis) as well as its applications to general relativity theory.
learning outcomes, VERIFICATION AND assessment criteria :

	OUTCOME DESCRIPTION
	OUTCOME CODES
	VERIFICATION METHODS
	COURSE FORM

	Student knows various manners of determination of differential manifolds, determines tangent and contangent spaces
	SD_W05
	Exam
	Lecture

	Student mastered the tensor calculus. They can calculate Christoffel symbols, curvature tensor, to determine equations of geodesics, to read off  Christoffel symbols from  geodesics equations
	SD_W05
	Exam
	Lecture

	Student can change parametrisations of curves, calculate its lengths, knows and applies properties of geodesics 
	SD_W05
	Exam
	Lecture

	Student can use mathematical methods to describe and model physical phenomena and processes
	SD_W05

SD_W03
	Exam
	Lecture

	he student knows and understands the postulates of special and general theory of relativity. Students know and understand the theoretical results as well as  experiments  that led A. Einstein to his postulates
	SD_W01, SD_W02
	Exam
	Lecture

	 The student knows and understands  thought experiments with local and nonlocal lift and the relationship of this second experiment with Einstein's equations in empty space
	SD_W01, SD_W02
	Exam
	Lecture

	 The student knows examples of energy and momentum tensor
	SD_W01
	Exam
	Lecture

	The student knows the steps of reasoning leading to the formulation of Einstein's equations. Student know the properties of these equations and manners of their usage 
	SD_W01, SD_W02
	Exam,

discussion
	Lecture

	The student can explain the form of the Schwarzschild metric and knows  geodesics in this metric
	SD_W01
	Exam,

discussion
	Lecture

	The student knows the physical and astronomical phenomena confirming the validity of the general theory of relativity 
	SD_W01, SD_W02
	Exam
	Lecture


EVALUATION TERMS:
The course credit is obtained by passing a final written  test composed of tasks of varying degrees of difficulty.
STUDENT WORKLOAD:
- participation in lectures:  15 weeks x2 hour=30 hours
- preparation for lectures:  15 hours
- attending lecturers’ office hours: 3 hours
-  preparation for exam: 20 hours
 - participation in exam: 2 hours
Total: 70 hours. 
Workload connected with lectures and classes requiring direct participation of the teacher amounts to 35 hours. 
Recommended reading:

1. slides to the lecture prepared by lecturer.
2. J. Foster, J. D. Nightingale, Ogólna teoria względności, PWN, Warszawa 1985. English version: J. Foster, J.D. Nightingale, A shourt course in general relativity, 3-rd edition, Springer Science+Business Media, 2006.
3. J. B. Hartle, Grawitacja, Wprowadzenie do ogólnej teorii względności Einsteina, Wydawnictwo Uniwerystetu Warszawskiego, 2010.  English version: J.B. Hartle, Gravity, Addison Wesley, San Francisco, Boston, 2003.

4. R. D'Inverno, Introducing Einstein's relativity, Claredon Press, Oxford 1998. 

5. M. P.  Hobson, G. Efstathiou, A. N. Lasenby, General relativity: an introduction for physicists, Cambridge University Press, Cambridge 2006.

6. Ta-Pei Cheng, A college course on relativity and cosmology, Oxford, 2015.
7. L. D. Landau, J. M Lifszyc, Teoria pola, Wydawnictwo Naukowe PWN, Warszawa 2009. 

8. A. Mishchenko, A. Fomenko, A course of differential geometry and topology, Mir Publisher, Moscow, 1988.

9. B. A. Dubrovin, A.T. Fomenko, S.P. Novikov, Modern Geometry – Methods and Applications, Springer 1992.
optional reading:

4. B. F. Schutz, Wstęp do ogólnej teorii względności, Wydawnictwo Naukowe PWN, Warszawa 2002.

5. P.M. Gadea, J. Munoz Masque, Analysis and Algebra on Differentiable Manifolds, Springer 2009.

remarks:

COURSE DEVELOPment:  Maria Przybylska
DOCTORAL SEMINAR
	Course code:
	13.2-WFiA-FiA-DS-ST

	Type of course:
	compulsory

	Language of instruction:
	Polish/English

	Director of studies:
	prof. dr Krzysztof STASIEWICZ

	Name of lecturer:
	prof. dr Krzysztof STASIEWICZ

	Forma
zajęć
	Liczba godzin w semestrze
	Liczba godzin w tygodniu
	Semestr
	Forma
zaliczenia
	Punkty
ECTS

	Full-time studies
	1

	Seminar
	30
	2
	3
	 PASS/FAIL
	


course AIM:

The aim of the course is to teach PhD students some useful skills:  presentation of scientific results with use of multimedia techniques and utilization of modern information technology for preparation of their PHD thesis. 

ENTRY REQUIREMENTS:

Knowledge of modern experimental and theoretical physics and/or astronomy on the level of master studies
course contents:

· Review of literature databases: Scopus, arXiv, ADS, MathSciNet, Google Scholar, Web of Knowledge.
· Introduction to ethical and legislative regulations concerning copyright law in application to master/PhD thesis, rules concerning bibliographical citations, warning against plagiarism.
– 
Getting acquainted with the leading physical and/or astronomical journals, their classification and publication system.
– 
Getting acquainted with topics of PhD theses of all participants.

–
Introduction to the theoretical and experimental research methods related to the topics of PhD thesis.
– 
Reading original monographs and articles that will be used in the preparation of papers for the seminar and for PhD thesis.
TEACHING METHODS:

Working with sources of scientific knowledge including databases, monographs and original scientific articles. Preparation and delivery the talk on a selected topic of contemporary physics and astronomy  as well as on the subject of PhD thesis using  multimedia presentations
LEARNING OUTCOMES VERIFICATION AND assessment criteria:

	OUTCOME DESCRIPTION
	OUTCOME CODES
	VERIFICATION METHODS
	COURSE FORM

	Students are familiar with recent theories and methods used in their discipline and are able to make progress in the field of their dissertation
	SD_W02
	presentations
	seminar

	Students speak English to the extent that enables effective  communication with partners and reading/writing scientific articles
	SD_W07
	
	

	Student has a basic knowledge on regulations concerning copyright law, intellectual property protection, rules of usage of various source materials. He/she is aware of the importance of the rules of ethics.
	SD_W09
	
	

	Student can present own scientific results in the form of a seminar
	SD_U03
	
	


EVALUATION TERMS:

To pass the seminar  PhD student should   prepare presentations  on the thesis subject and some selected current problem of contemporary physics/astronomy. Active participation during presentations of other students is also necessary.
STUDENT WORKLOAD:

Participation in seminars

            – 30 godz.
Preparation of seminars 


–  6 godz.
Consultations


            –  4 godz.

Recommended reading:

1. M. Alley, The Craft of Scientific Presentations, Springer, New York, 2003

2. Monographs related to topics of prepared presentations and PhD thesis of other participants of the seminar.

3. Original articles in scientific journals related to selected topics of presentation and PhD thesis of the seminar's participants.
4. Books and articles in scientific journals related to research and calculation methods, which were used for preparation PhD thesis of the seminar's participants.

5. Motion Mountain, C. Schiller, 2014, Monograph of physics available at:  www.motionmountain.net
optional reading:

Review articles in such journals as: „Science”, „Nature”, “Europhysical News”, „Scientific American”,, Reviews of Modern Physics” about new achievements in the modern physics and astronomy.
COURSE DEVELOPment: prof. dr Krzysztof Stasiewicz
LECTURE III

Radio Pulsars - Modern radio astronomy

	Course code:
	13.7-WFiA-FiA-RP-MRA-ST

	Type of course:
	optional

	Language of instruction:
	Polish/English

	Director of studies:
	 dr hab. Jarosław KIJAK, prof. UZ

	Name of lecturer:
	 dr hab. Jarosław KIJAK, prof. UZ


	Forma
zajęć
	Liczba godzin w semestrze
	Liczba godzin w tygodniu
	Semestr
	Forma
zaliczenia
	Punkty
ECTS

	Full-time studies
	4

	Lecture
	30
	2
	3
	EXAM
	


course AIM:

Gaining knowledge about modern radio astronomy. Overview modern research instruments and techniques of observation. Presentation of the current knowledge about radio pulsars.  Overview of key research projects.
ENTRY REQUIREMENTS:

Radio astronomical fundamentals
course contents:

Modern techniques of  observations in radio astronomy. Radio pulsars. Projects: LOFAR, LWA, SKA.

TEACHING METHODS:

Lecture

learning outcomes. LEARNING OUTCOMES VERIFICATION:
	DESCRIPTION OF THE EFFECT
	SYMBOLS OF EFFECTS
	VERIFICATION METHODS
	FORM OF CLASSES

	1. The student is able to define and explain the fundamental problems of radio astronomy
	SD_W01
	Discussion/ Exam
	Lecture


	2. Student can discuss the modern tools and techniques of observation in radio astronomy
	SD_W02, SD_U01
	Discussion/ Exam
	Lecture

	3. Student can discuss the basic properties of radio pulsars
	SD_W02,
	Discussion/ Exam
	Lecture

	4. Student can describe the projects: LOFAR, LWA and SKA.
	SD_W02
	Discussion/ Exam
	Lecture


STUDENT WORKLOAD:

- Participation in lectures: 15 weeks x 2 hours = 30 hours

- Preparation for the lecture: 10 hours

- Participation in the consultations: 5 hours

- Preparation for the test: = 15 hours

TOTAL: 60 hours, 4 ECTS.

Workload involving direct teacher participation: 60 hrs corresponding to 4 ECTS.

Recommended reading:

[1] Astronomia popularna, praca zbiorowa, PWN, Warszawa 1990.

[2] F. H. Shu, Fizyka Wszechświata, Prószyński i S-ka, Warszawa 2003.

[3] J. D. Kraus, 1986, Radio Astronomy, 2nd edition, Cygnus-Quasar Books, Powell, OH.

[4] T. L. Wilson, K. Rohlfs, S. Huttemeister, Tools of  Radio Astronomy, Fifth Edition, Springer-Verlag, Berlin 2009.
[5] B. F. Burke and F. Graham-Smith, An Introduction to Radio Astronomy, Third Edition, Cambridge University Press, 2010. 

[6]D. Lorimer and M. Kramer, Handbook of Pulsar Astronomy, Cambridge University Press,  Cambridge, 2005

optional reading:

[1] D. Lorimer and M. Kramer, Handbook of Pulsar Astronomy, Cambridge University Press,  Cambridge, 2005.

[2] Single-dish radio astronomy techniques and applications : proceedings of the NAIC-NRAO Summer School held at National Astronomy and Ionosphere Center, Arecibo Observatory, Arecibo, Puerto Rico, USA, 10-15 June 2001.

[3] A.R. Thompson, J. M. Moran, G.W. Swenson Jr., Interferometry and Synthesis in Radio Astronomy, Second Edition; WILEY-VCH Verlag GmbH & Co. KgaA, Weinheim, 2004.
Program Opracował: dr hab. Jaroslaw kIJAK
Lecture III

LINEAR AND NONLINEARWAVES

	Course code:
	13.2-WFiA-Fiz i Ast-SD-s.3-ST

	Type of course:
	compulsory

	Language of instruction:
	English

	Director of studies:
	prof. dr hab. Piotr ROZMEJ

	Name of lecturer:
	prof. dr hab. Piotr ROZMEJ


	Form of instruction
	Number of teaching hours per semester 
	Number of teaching hours per week
	Semester
	Form of receiving a credit 

for a course
	Number of ECTS credits allocated   

	Full-time studies
	4

	Lecture
	30
	2
	3
	EXAM
	


course AIM:
To teach the student theory of linear waves and in particular nonlinear waves. 
ENTRY REQUIREMENTS:

Knowledge of basics of classical mechanics and fluid mechanics.

course contents:
· Nonlinear phenomena in Nature.

· Universal wave equations.

· The Korteweg – de Vries equation.

· The Kadomtsev – Petviashvili equation.

· The nonlinear Schroedinger equation.

· Properties of solutions to nonlinear wave equations

· Soliton solutions.

· Periodic (cnoidal) solutions.
· Nonlinear equations of higher order.
· Analytic and numerical solutions.
· Stability of solutions.
· Lagrange and Hamilton approach.
· Invariants of equations and conservation laws.
TEACHING METHODS:
Lectures on problems and discussions.
learning outcomes, VERIFICATION AND assessment criteria :

	OUTCOME DESCRIPTION
	OUTCOME CODES
	VERIFICATION METHODS
	COURSE FORM

	Student ia able to explain why nonlinear equations appear in many fields of physics
	SD_W01
	Written exam
	Lecture

	Student knows basic properties ofequations solutions to important nonlinear 
	SD_W01
	Written exam
	Lecture

	Student recognizes processes leading to creation of solitons
	SD_W01

SD_W03
	Written exam
	Lecture

	Student is able to calculate low order invariants of Korteweg – de Vries equation
	SD_W01

SD_W03
	Written exam
	Lecture


EVALUATION TERMS:

Written exam containing a description of severalproblems.
STUDENT WORKLOAD:STUDENT WORKLOAD:

‒ Participation in lectures 15 weeks x 2 hours = 30 hours

‒ Preparation for lectures an exam - 20 hours

‒ Participation in consultations = 5 hours

‒ Participation  in exam = 2 hours

TOTAL: 57 hours (4 ECTS points)

Recommended reading:
1. E. Infeld, G. Rowlands, Nonlinear Waves, Solitons and Chaos, Cambridge University Press, Cambridge, 2000 (second edition).

2. G.B. Whitham, Linear and Nonlinear Waves, Wiley, 1974.
optional reading:

remarks:

COURSE DEVELOPment: prof. dr hab. Piotr Rozmej
DOCTORAL seminar
	Course code:
	13.2-WFiA- FiA-SD-ST

	Type of course:
	compulsory

	Language of instruction:
	English

	Director of studies:
	prof. dr hab. Giorgi MELIKIDZE

	Name of lecturer:
	prof. dr hab. Giorgi MELIKIDZE
prof. dr hab. Krzysztof STASIEWICZ

	Forma
zajęć
	Liczba godzin w semestrze
	Liczba godzin w tygodniu
	Semestr
	Forma
zaliczenia
	Punkty
ECTS

	Full-time studies
	1

	Seminar 
	30
	2
	5
	PASS/FAIL
	


AIM OF SEMINAR:

The main objective of the doctoral seminar  is to support students in the development of doctoral theses in accordance with the requirements of the law and scientific standards. Another important objective of the course is to provide students with the knowledge and skills of planning and carrying out scientific projects and research, as well as how to cooperate with the team while working on scientific problems.
Initial requirements:

Knowledge of the basics of theoretical physics and astrophysics, as well as advanced knowledge of the subject of PhD theses. Master's degree in physics / astronomy or a related discipline.

course contents:

The main goal and specific objectives of PhD theses; Topics, concept and methodology of work; Analysis of the literature; Preparation of the concept of PhD theses; Preparation the basic assumptions of PhD theses; The implementation of the research project; Development of consecutive chapters od PhD theses; Verification and evaluation of PhD theses.

Methods:

At each seminar one or two students make presentations about subjects, purposes and achieved or expected results of their research. The presentation should include a justification of the scientific validity of the research topic, the basic research problems and the methods used in these studies. Presentation should take approximately 20-30 minutes, followed by a discussion. Lecturers should pay attention to: the proper use of scientific terminology, the correctness of compiling of the presentation, the optimality of the use of illustrations, photographs and drawings, as well as a content and designs. In addition, some seminars are in the form of conventional lectures prepared by the lecturer on topics of common interest of doctoral students. The aim of the lectures is to complete the knowledge in the basic, as well as in the related research problems.

Intended educational effects:

	OUTCOME DESCRIPTION
	OUTCOME CODES
	VERIFICATION METHODS
	COURSE FORM

	The student demonstrates understanding of the most complex principles of physics and/or astronomy, as well as of related fields with regard to the interaction between the different fields of science
	SD_W03
	Assessment of the report preparation and presentation, discussion
	seminar

	The student knows the methodology of physics and/or astronomy to the extent that allows him planning independently solutions to the problems of research
	SD_W04
	Assessment of the report preparation and presentation, discussion
	seminar

	The student has knowledge of legal, customary and ethical issues related to scientific activity
	SD_W09
	Assessment of the report preparation and presentation, discussion
	seminar

	The student is able to formulate independently a research problem, propose and perform research to solve this problem
	SD_U01
	Discussion, control during the contact hours
	seminar

	The student is able to relate in a critical way their results to the results of other researchers, to evaluate their importance and quality, point out the way to optimize the research program
	SD_U02
	Discussion, control during the contact hours
	seminar

	The student has ability to work in the team of researchers and has responsibility for the consequences of his as well as team’s activities
	SD_K01
	Discussion, control during the contact hours
	seminar


Verification of learning outcomes and credit conditions:

Participant of PhD seminars should prepare and deliver two presentations. The marking depends on an assessment of presentations.

Students Involvement:

1. participation in lectures 15 × 2 = 30 h.

2. participation in consultations 5 h.

3. Preparation for presentations 50 h.

TOTAL: 85 h., 1 ECTS
Basic Reading

Literature is given by the teacher, according to the subject of the presentations and lectures.

COURSE DEVELOPment: prof. dr hab. Giorgi MELIKIDZE
Doctoral Seminar
	Course code:
	13.2-WFiA- FiA-SD-ST

	Type of course:
	compulsory

	Language of instruction:
	English

	Director of studies:
	prof. dr hab. Piotr ROZMEJ

	Name of lecturer:
	prof. dr hab. Piotr ROZMEJ

	Forma
zajęć
	Liczba godzin w semestrze
	Liczba godzin w tygodniu
	Semestr
	Forma
zaliczenia
	Punkty
ECTS

	Full-time studies
	1

	Seminar 
	30
	2
	7
	PASS/FAIL
	


course AIM:
PROGRAM Preparation: prof. dr hab. Piotr rozmej
Doctoral Seminar
	Course code:
	13.2-WFiA- FiA-SD-ST

	Type of course:
	compulsory

	Language of instruction:
	English

	Director of studies:
	prof. dr Krzysztof STASIEWICZ

	Name of lecturer:
	prof. dr Krzysztof STASIEWICZ


	Forma
zajęć
	Liczba godzin w semestrze
	Liczba godzin w tygodniu
	Semestr
	Forma
zaliczenia
	Punkty
ECTS

	Full-time studies
	1

	Seminar 
	30
	2
	7
	PASS/FAIL
	


course AIM:

The aim of the course is to teach PhD students some useful skills:  presentation of scientific results with use of multimedia techniques and utilization of modern information technology for preparation of their PHD thesis. An extension of the knowledge of modern research in physics is also an important goal of the seminar.

ENTRY REQUIREMENTS:

Knowledge of modern experimental and theoretical physics and/or astronomy on the level of master studies

course contents:

– Learning of new research topics in physics on the basis of recent articles in scientific journals and review monographs e.g. www.motionmountain.net 

– Review of literature databases: Scopus, arXiv, ADS, MathSciNet, Google Scholar, Web of Knowledge.
– Introduction to ethical and legislative regulations concerning copyright law in application to master/PhD thesis, rules concerning bibliographical citations, warning against plagiarism.
– Getting acquainted with the leading physical and/or astronomical journals, their classification and publication system.
– Getting acquainted with topics of PhD theses of all participants.

– Introduction to the theoretical and experimental research methods related to the topics of PhD thesis.
– Reading original monographs and articles that will be used in the preparation of papers for the seminar and for PhD thesis.

TEACHING METHODS:

Working with sources of scientific knowledge including databases, monographs and original scientific articles. Preparation and delivery the talk on a selected topic of contemporary physics and astronomy  as well as on the subject of PhD thesis using multimedia presentations
learning outcomes, VERIFICATION AND assessment criteria:

	OUTCOME DESCRIPTION
	OUTCOME CODES
	VERIFICATION METHODS
	COURSE FORM

	Students are familiar with recent theories and methods used in their discipline and are able to make progress in the field of their dissertation
	SD_W02
	presentations
	seminar

	Students speak English to the extent that enables effective  communication with partners and reading/writing scientific articles
	SD_W07
	
	

	Student has a basic knowledge on regulations concerning copyright law, intellectual property protection, rules of usage of various source materials. He/she is aware of the importance of the rules of ethics.
	SD_W09
	
	

	Student can present own scientific results in the form of a seminar
	SD_U03
	
	


EVALUATION TERMS:
To pass the seminar  PhD student should   prepare presentations  on the thesis subject and some selected current problem of contemporary physics/astronomy. Active participation during presentations of other students is also necessary.

STUDENT WORKLOAD:

Participation in seminars

            – 30 godz.
Preparation of seminars 


–  6 godz.
Consultations


            –  4 godz.

Recommended reading:

1. M. Alley, The Craft of Scientific Presentations, Springer, New York, 2003

2. Monographs related to topics of prepared presentations and PhD thesis of other participants of the seminar.

3. Original articles in scientific journals related to selected topics of presentation and PhD thesis of the seminar's participants.

4. Books and articles in scientific journals related to research and calculation methods, which were used for preparation PhD thesis of the seminar's participants.

5. Motion Mountain, C. Schiller, 2014, Monograph of physics available at:  www.motionmountain.net
optional reading:

Review articles in such journals as: „Science”, „Nature”, “Europhysical News”, „Scientific American”,, Reviews of Modern Physics” about new achievements in the modern physics and astronomy.
COURSE DEVELOPment: prof. dr Krzysztof Stasiewicz

LECTURE I
s
	Course code:
	13.2-WFiA- FiA-WFP-ST

	Type of course:
	optional

	Language of instruction:
	English

	Director of studies:
	prof. dr Krzysztof STASIEWICZ

	Name of lecturer:
	prof. dr Krzysztof STASIEWICZ

	Forma
zajęć
	Liczba godzin w semestrze
	Liczba godzin w tygodniu
	Semestr
	Forma
zaliczenia
	Punkty
ECTS

	Full-time studies
	4

	Lecture
	30
	2
	2
	EXAM
	


course AIM:

COURSE DEVELOPment: prof. dr Krzysztof STASIEWICZ
LECTURE I

quantum optics ‒ elements
	Course code:
	13.2-WFiA- FiA-MiMZK-ST

	Type of course:
	optional

	Language of instruction:
	English

	Director of studies:
	dr hab. Wiesław LEOŃSKI, prof. UZ

	Name of lecturer:
	dr hab. Wiesław LEOŃSKI, prof. UZ


	Forma
zajęć
	Liczba godzin w semestrze
	Liczba godzin w tygodniu
	Semestr
	Forma
zaliczenia
	Punkty
ECTS

	Full-time studies
	4

	Lecture
	30
	2
	2
	EXAM
	


course AIM:

Acquaint students with the basics of modern quantum optics. 
ENTRY REQUIREMENTS:

Mathematical (algebra and math. analysis) skills and knowledge in the field of electromagnetism gained during previous studying (during the study of the physics and astronomy of the first and second degree). 

course contents:
1. Interference of light, coherence and correlation functions.

2. Electromagnetic (EM) field in resonator, quantization of EM field, multimode fields.

3. N-photon states, coherent states and their properties,

4. Intelligent states.

5. Uncertainty principle and squeezed states of light,

6. Caves' diagrams – description of quantum state of light.

7. Elements of nonlinear quantum optics – some examples of optical processes.

TEACHING METHODS:

Lecture (classical form)

learning outcomes, VERIFICATION AND assessment criteria :

	OUTCOME DESCRIPTION
	OUTCOME CODES
	VERIFICATION METHODS
	COURSE FORM

	Student is able to distinguish semi-classical optical processes from quantum ones
	SD_W01
	Final exam 
(written)
	Lecture

	Student knows various quantum states of EM field and their properties
	SD_W01
	Final exam 
(written)
	Lecture

	Student can qualify quantum optical processes present in a given physical phenomenon
	SD_W01,  SD_W03
	Final exam 
(written)
	Lecture

	Student is able to calculate basic parameters describing some properties of quantum electromagnetic field and interpret obtained results
	SD_W01,  SD_W05
	Final exam 
(written)
	Lecture


EVALUATION TERMS:

Positively passed final exam
STUDENT WORKLOAD:
- Participation in lectures 15 weeks x 2 hours = 30 hours
- Preparation for lectures - 20 hours
- Participation in consultations = 5 hours
- Preparation for exam = 30 hours
- Exam = 3 hours
TOTAL: 88 hours (4 ECTS points)

1. Recommended reading:

2. C.C. Gerry, P.L. Knight „Wstęp do optyki kwantowej”, Wyd. Naukowe PWN, Warszawa 2007.

3. R. Tanaś, lecture notes „Optyka kwantowa”,
 http://zon8.physd.amu.edu.pl/~tanas/optkwant.pdf.

4. Supplementary materials prepared and provided by tutor.

optional reading:

6. A.Miranowicz, lecture notes for quantum optics course http://zon8.physd.amu.edu.pl/~miran/lectures/optics/wyklady.pdf
7. D.F. Walls, G. J. Milburn, “Quantum Optics”, Springer-Verlag, Berlin Heidelberg, 2008.

8. M. Fox, „Quantum Optics, An Introduction”, Oxford University Press, Oxford, New York 2006 

remarks:

none

COURSE DEVELOPment: dr hab. Wiesław LEOŃSKI, prof. UZ
LECTURE II
Astrophysics of Compact Objects
	Course code:
	13.7-WFiA- FiA-AofCO-ST

	Type of course:
	optional

	Language of instruction:
	polish

	Director of studies:
	dr hab. Dorota ROSIŃSKA, prof. UZ

	Name of lecturer:
	dr hab. Dorota ROSIŃSKA, prof. UZ


	Forma
zajęć
	Liczba godzin w semestrze
	Liczba godzin w tygodniu
	Semestr
	Forma
zaliczenia
	Punkty
ECTS

	The full time studies
	4

	Lecture
	30
	2
	2
	EXAM
	


course AIM:
Deep knowledge in the field of modern astrophysics of compact objects (white dwarfs, neutron stars and black holes). Understanding the methods of modern relativistic astrophysics, in particular the ways of observational verifications of theoretical predictions.
ENTRY REQUIREMENTS:

Knowledge of  physics and/or astronomy on the level of master studies
course contents:
- Compact objects in astrophysics: existence, formation

- Compact objects as cosmic laboratories

- Observation of white dwarfs and neutron stars

- Stellar black holes candidates


- Structure  and models of white dwarfs and neutron stars
- Stability of  neutron stars and white dwarfs

- Theory of  black holes.
- Compact objects as sources of gravitational waves

- Gravitational waves a new window on the Universe
TEACHING METHODS:

Standard lectures, discussion, consultation, studying recommended or optional reading.

learning outcomes, VERIFICATION AND assessment criteria:

	OUTCOME DESCRIPTION
	OUTCOME CODES
	VERIFICATION METHODS
	COURSE FORM

	Student demonstrates general knowledge at the most advanced level of physics and / or astronomy, and at the interface between related fields, as well as specific expertise in the PhD discipline / specialization.
	SD_W01
	discussion,exam, consultation
	Lecture

	Demonstrates knowledge of the latest theories, research methods, principles and concepts of physics and / or astronomy, and detailed expertise enabling to create new models, research methodologies and concepts through independent research in a specialization, in which the doctoral work is carried out or at the interface of different specializations related.
	SD_W02
	exam, discussion, consultation
	Lecture

	Demonstrates understanding of the most complex relationships in physics and / or astronomy, as well as in related fields with regard to the interaction between the fields.
	SD_W03
	discussion,exam, consultation.
	Lecture

	Knows the methodology of physics and / or astronomy to the extent allowing for an individual planning of solutions to the problems of research.
	SD_W04
	exam, discussion, consultation
	Lecture

	Understands the need for a continuous training and feels the need, as a prerequisite for creative participation in the development of research areas.
	SD_K01
	consultation, discussion
	Lecture


EVALUATION TERMS:
Positive passing of the oral exam. The final grade will also depend on the activity in discussions  during the lectures. 
STUDENT WORKLOAD:
Participation in lectures: 15 weeks x 2 hours = 30 hours
9. consultation: 5 hours
10. study of the lecture material : 10 hours
11. preparation for an exam: 15 hours

12. exam: 2 hours

Total: 62 hours 
Recommended reading:
[1] Artykuły naukowe polecone  przez wykładowcę
[2] M. Camenzind, Compact objects in astrophysics, Springer, 2007. 

[3] W. H. G. Lewin, M. van der Klis, Compact Stellar X-ray Sources, Cambridge Uni. Press, 2006.   

[4] S. Shapiro, S. Teukolsky, Black Holes, White Dwarfs and Neutron Stars, Wiley-VCH 2004.
[5] M. Demiański, Relativistic astrophysics, PWN.
[6] James B. Hartle, Gravitation, 2009, ISBN 9788323504764
optional reading:

[1] C. W. Misner,K. S. Thorne, J. A. Wheeler, Gravitation,  1973. 

[2] P. Haensel, A. Y. Potekhin, D. G. Yakovlev, Neutron Stars, Springer 2007.

remarks:

COURSE DEVELOPment: dr hab. Dorota Rosińska
LECTURE II
Quantum irreversible processes:

decay processes
	Course code:
	13.2-WFiA-FiA-ZMFJ-ST

	Type of course:
	optional

	Language of instruction:
	English

	Director of studies:
	dr hab. Krzysztof URBANOWSKI, prof. UZ

	Name of lecturer:
	dr hab. Krzysztof URBANOWSKI, prof. UZ


	Forma
zajęć
	Liczba godzin w semestrze
	Liczba godzin w tygodniu
	Semestr
	Forma
zaliczenia
	Punkty
ECTS

	Full-time studies
	4

	Lecture
	30
	2
	2
	EXAM
	


course AIM:

The main aim of the lecture is to familiarize  students with some ideas of the theory of such  irreversible quantum processes like quantum theory of unstable states and their early and late time properties, problems of the control of the decay processes and related questions.
ENTRY REQUIREMENTS:

Knowledge of  mathematics on the level of ,,Analysis I  and II”, of physics on the level of ,,Fundamentals of physics” I – IV and of the quantum theory on the level of “Quantum mechanics I”
course contents:

Classical decay theory, quantum non-decay probabilisty, Weisskopf-Wigner approximation, equation for a projection of a state-vector: general and one-dimensional cases, early and late time properties of the survival amplitude, model based on the Breit-Wigner energy distribution function, many successive measurements of the unstable state: quantum Zeno effect. Two particle case – neutral kaons, Lee-Oehme-Yang approach.

TEACHING METHODS:

Conventional lecture.
learning outcomes:

	OUTCOME DESCRIPTION
	OUTCOME CODES
	VERIFICATION METHODS
	COURSE FORM

	Student knows various manners of calculations of the survival amplitude and survival probability.
	SD_W05
	Exam
	Lecture

	Student can use mathematical methods to describe and model physical phenomena and processes
	SD_W05

SD_W03
	Exam
	Lecture

	The student knows and understands main ideas of theory of irreversible processes. Students know and understand the theoretical results as well as  he is able to interpret results of the decay experiments.
	SD_W01, SD_W02
	Exam, discussion
	Lecture


LEARNING OUTCOMES VERIFICATION AND assessment criteria:

The course credit is obtained by passing a final written  exam and discussion.

STUDENT WORKLOAD:

- participation in lectures:  15 weeks x2 hour=30 hours
- preparation for lectures:  15 hours
- preparation for exam: 20 hours

- participation in exam: 2 hours
Total: 67 hours
Recommended reading:

2. L. Fonda, G. C. Ghirardii and A. Rimini, Rep. on Prog. in Phys. 41, 587, (1978). 

3. A. N. Kolmogorov, S. V. Fomin, Elements of the Theory of Functions and Functional Analysis, Dover Publ. Inc., 1999.

4. F. W. J. Olver, Asymtotics and special functions, Academic Press, New York 1974. 

5. K. Urbanowski, Phys. Rev. A 50, 2847, (1994).

6. A. Galindo and P. Pascual, Quantum Mechanics, vol. 2, Chap. 11, Springer Verlag (1991),

remarks:

PROGRAM Preparation: dr hab. Krzysztof URBANOwski
DOCTORAL Seminar
	Kod przedmiotu:
	13.2-WFiA- FiA-SD-ST

	Typ przedmiotu:
	compulsory

	Język nauczania:
	English

	Odpowiedzialny za przedmiot:
	dr hab. Wiesław LEOŃSKI, prof. UZ

	Prowadzący:
	dr hab. Wiesław LEOŃSKI, prof. UZ


	Forma
zajęć
	Liczba godzin w semestrze
	Liczba godzin w tygodniu
	Semestr
	Forma
zaliczenia
	Punkty
ECTS

	Full-time studies
	1

	Seminar
	30
	2
	4
	PASS/FAIL
	


course AIM:

To teach students how to prepare and show the presentation involving results discussed in PhD dissertations. Preparation for preparing PhD dissertation.

ENTRY REQUIREMENTS:

Skills and knowledge gained during completed courses.

course contents:

Elements of topics in the field of contemporary physics (with special emphasis on  those discussed in students' PhD dissertations).

TEACHING METHODS:

Preparation of talks related to PhD students' dissertations. Joint discussion concerning the merit and form of the presentations.

Preparation and presentation of a given problem with using the multimedial methods.  
learning outcomes, VERIFICATION AND assessment criteria:

	OUTCOME DESCRIPTION
	OUTCOME CODES
	VERIFICATION METHODS
	COURSE FORM

	The student gains a general knowledge concerning problems in physics and/or astronomy, and at the borders between different related fields, as well as detailed knowledge in the discipline/specialization, in which his dissertation is prepared 
	SD_W01
	preparation of talks , discussion during seminar
	seminar

	Student uses at least  one foreign language and speaks English to such extent that it allows for active communication.
	SD_W07
	preparation of talks , discussion during seminar
	seminar

	Student is able to present results of his research and their analysis .
	SD_U03
	preparation of talks , discussion during seminar
	seminar

	Student understands the need for continuous training and feels the  need, as a necessary condiion, for creative participation in the development of cultivated  areas.
	SD_K01
	preparation of talks , discussion during seminar
	seminar


EVALUATION TERMS:

Presentation of (at least) two talks, active discussion during the seminar.
STUDENT WORKLOAD:

1. participation in seminars 15 x 2 = 30 h

2. participation in consultations 5 h

3. prepare for the seminars 3 h
TOTAL: 38 h, 1 ETCS

 POINT
Recommended reading:

1. Articles recommended by lecturer, published in scientific and popular journals

2. Scientific articles downloaded from the server: arxiv.org.

optional reading:

COURSE DEVELOPMENT: dr hab. Wiesław LEOŃSKI
lecture III
Selected topics on dynamical
systems investigations
	Course code:
	13.2-WFiA- FiA-SRMCS-ST

	Type of course:
	optional

	Language of instruction:
	English

	Director of studies:
	prof. dr hab. Andrzej MACIEJEWSKI

	Name of lecturer:
	prof. dr hab. Andrzej MACIEJEWSKI


	Forma
zajęć
	Liczba godzin w semestrze
	Liczba godzin w tygodniu
	Semestr
	Forma
zaliczenia
	Punkty
ECTS

	Full-time studies
	4

	Lectures
	30
	2
	4
	EXAM
	


course AIM:

The aim of the course is to acquaint students with selected issues concerning the study of dynamical systems. They will be presented analytical methods such as the theory of normal forms, method of Melnikov and practical, numerical methods for the study of deterministic chaos.

ENTRY REQUIREMENTS:

1. Mathematical analysis (for physicists)

2. Algebra (for physicists)

3. Mechanics (or theoretical mechanics)

course contents:

Ordinary differential equations:
– phase curves and integral curves,  first integrals and phase portraits;
– types of equations
– positions of the equilibria and normalization;
– method of numerical integration of differential equations;
– Lyapunov exponents and deterministic chaos;
Mechanics of systems of particles and solids: Lagrange equations, Hamilton.
– Birkhoff normalization;
– Chaos in mechanical systems;
– splitting of separatrices and Melnikov method.

TEACHING METHODS:

Lecture with some multimedia presentations.

learning outcomes, VERIFICATION AND assessment criteria:
	DESCRIPTION OF THE EFFECT
	SYMBOLS OF EFFECTS
	VERIFICATION METHODS
	FORM OF CLASSES

	The student knows the basic concepts and theorems on differential equations
	SD_W05
	exam
	lecture

	The student knows and understands the theories of normalization Poincare
	SD_W03
	exam
	lecture

	The student has the ability to use mathematical tools to describe and modeling of physical phenomena and processes
	SD_W05

SD_W03
	exam
	lecture

	The student knows and understands the basics of modern Hamiltonian mechanics.
	sd_W05
	exam
	lecture

	The student knows the phenomenon of deterministic chaos, understand the mechanisms of its manifestation, and understand the practical methods for its detection
	SD_W05

SD_W03
	exam
	lecture


assessment criteria:
Test pisemny; Warunek zaliczenia - pozytywna ocena z egzaminu złożonego z pytań o zróżnicowanym poziomie trudności.
STUDENT WORKLOAD:

- Participation in lectures: 15 x 2 = 30 hours.
- Preparation for the lecture 15 hours.
- Participation in consultations 3 pm.
- Preparation for the exam: 20 hours.
- Participation in the exam: 2 hours.
TOTAL: 70 pm.
Development costs with activities that require direct participation of the teacher: 35 hours.

Recommended reading:

[1] G. Schuster, Chaos deterministyczny, PWN, Warszawa 1993.
[2] Florian, Scheck. Mechanics: From Newton’s Laws to Deterministic Chaos. 3rd ed. New York, NY: Springer Verlag, 1999.
optional reading:

[1] W.I. Arnold, Równania różniczkowe zwyczajne, PWN 1975.
[2] W. I. Arnold „Teoria Równań Różniczkowych”, PWN, 1983. 

PROGRAM Preparation: prof. dr hab. Andrzej J. Maciejewski
lecture III
MICROSCOPIC AND MACROSCOPIC QUANTUM PHENOMENA
	Course code:
	13.2-WFiA- FiA-SRMCS-ST

	Type of course:
	optional

	Language of instruction:
	English

	Director of studies:
	dr hab. Van CAO LONG, prof. UZ

	Name of lecturer:
	dr hab. Van CAO LONG, prof. UZ


	Forma
zajęć
	Liczba godzin w semestrze
	Liczba godzin w tygodniu
	Semestr
	Forma
zaliczenia
	Punkty
ECTS

	Full-time studies
	4

	Lectures
	30
	2
	4
	EXAM
	


course AIM:

Quantum Mechanics is usually treated as a theory describing the microworld, but quantum effects are manifested not only in the atomic and subatomic scale. Therefore the smaller part of the lecture is devoted to the microscopic quantum effects, whereas a bigger part of the lecture is devoted to the collective quantum phenomena that are observed in macroworld. The emphasis will be placed on their latest practical applications.
ENTRY REQUIREMENTS:

Passed lectures: "Fundamentals of Physics I, II, III and IV" and "Quantum Mechanics"
course contents:

Microworld and macroworld

Classical and Quantum Determinism

Quantum description based on probability amplitudes, not only on probabilities 

Nonlocality of quantum mechanics, teleportation

Quantum computers: Mathematical model and physical implementation 

Quantum cryptography: Atack on RSA cipher and safe key distribution 

magnetocaloric effect
giant magnetoresistance
superfluidity, helium-4, helium-3
phonon-mediated superconductivity
Josephson effect, the first and second Josephson’s laws

high-temperature superconductivity
atom cooling and trapping. Magneto-Optical Trapp (MOT)

Bose-Einstein condensation. Nonlinear Optics of Atoms

Casimir effect or vacuum fluctuation

TEACHING METHODS:

Classes are in the form of lectures illustrated with photographs, drawings or diagrams. They not only help in understanding the issues, but also in understanding their relationship. Some simple analytical calculations explaining considered phenomena will be performed. Before the next lecture students should recall the basic facts related to the discussed issue.
learning outcomes, VERIFICATION AND assessment criteria :

	OUTCOME DESCRIPTION
	OUTCOME 

CODES
	VERIFICATION METHODS
	COURSE FORM

	A student is able to combine the various issues, where quantum effects play a dominant role 
	SD_W01,
SD_W02
	Exam
	Participation in lectures

	and is able to specify and describe their application in the modern world 
	SD_W03
	As above
	As above

	A student understands the role of physical theories and the associated mathematical structures relating to the physical world 
	SD_W04
	As above
	As above

	Presentation of individual issues is rooted in a historical context that allows a better understanding of the development of concepts of quantum mechanics 
	SD_W01,
SD_K01
	As above
	As above

	In the present subjects the student is able to make contact with professionals 
	SD_U01,
SD_U02
	As above
	As above


EVALUATION TERMS:
The exam is written. Student receives four problematic tasks, requiring knowledge of the presented issues and the ability to combine a variety of phenomena. For each task, one can get from 0 to 5 points. A positive assessment requires receipt of at least 8 points (8-10.5 pkt gives an assessment sufficient, 11-13.5 pkt gives an assessment plus sufficient, 14-16 pkt gives an assessment good, 16.5-18.5 pkt  gives an assessment plus good, 19-20 pkt gives an assessment very good).

STUDENT WORKLOAD:

participation in lectures 15 x 2 = 30 h

participation in consultations 15 h

prepare for the lectures 15 x 2 = 30 h

prepare to the exam = 45 h

the exam = 2 h

TOTAL: 122 H

Recommended reading:

1. J. R. Friedman, S. Han, Exploring the Quantum Classical Frontier: Recent Advances in Macroscopic Quantum Phenomena, Nova Science Publishers 2002

2. M. A. Nielsen, I. L. Chuang, Quantum Computation and Quantum Information, Cambridge University Press, Cambridge, UK 2000.
3. P. Phillips, Advanced Solid State Physics, Westview Press 2003

4. M. Tinkham, Introduction to Superconductivity, McGraw-Hill Book 1996

5. R. Shankar, Principles of Quantum Mechanics, Springer 1994
optional reading:

[1] I. Białynicki-Birula, M. Cieplak i J. Kamiński, Teoria kwantów, PWN 2001

[2] L. Piela, Idee chemii kwantowej, PWN 2005

[3] K. Sacha, Kondensat Bosego-Einsteina, IF UJ 2004
[4] J. Stankowski, B. Czyżak, Nadprzewodnictwo, WNT 2008
[5] R. M. White, Kwantowa teoria magnetyzmu, PWN 1979.

[6] R. Shankar, Mechanika kwantowa, PWN 2008 

[7] Ch. Kittel, Wstęp do fizyki ciała stałego, PWN 1999.
remarks:

PROGRAM Preparation: dr hab. Van Cao LONG
DOCTORAL Seminar
	Course code:
	13.2-WFiA- FiA-SD-ST

	Type of course:
	compulsory

	Language of instruction:
	English

	Director of studies:
	dr hab. Piotr LUBIŃSKI, prof. UZ

	Name of lecturer:
	dr hab. Piotr LUBIŃSKI, prof. UZ

	Form of instruction
	Number of teaching hours per semester 
	Number of teaching hours per week
	Semester
	Form of receiving a credit for a course
	Number of ECTS credits allocated   

	Full-time studies
	1

	Seminar
	30
	2
	6
	PASS/FAIL
	


course AIM:
Forming an ability of critical reading of scientific articles and other publications. Improvement of the skills of preparing and presenting orally a scientific report. Extending a knowledge in the fields of physics, astronomy and probability theory. Acquaint students with some selected paradoxes appearing in science, the methods used to solve them and the role they play in the science development.

ENTRY REQUIREMENTS:

Master degree in physics or astronomy. English competence level B2.

course contents:

Research topics of the PhD students

- general characteristics of the studied problems,

- review of research methods,

- method applied by the student,

- current results and their interpretation.

Recent discoveries in physics and astronomy

Paradoxes in science and their role in the science progress

Paradoxes in physics

- holographic principle

- quantum mechanics (quantum Bayesianism)

- Gibbs paradox

- Mpemba paradoxes

- tea leaf paradox

Paradoxes in astronomy

- Olbers paradox

- Algol paradox

- GZK paradox

- Fermi paradox

- faint young Sun paradox

Paradoxes in probability theory

- Bertrand paradox

- Borel-Kołmogorov paradox

- Proebsting paradox

- Monty Hall paradox

Paradoxes in other disciplines

- mathematics

- chemistry

- biology

- philosophy

- economics

- decision theory

TEACHING METHODS:

Unassisted reading of the literature, preparation and presentation of the oral report, discussion on the presented ideas and topics, consultation with the course lecturer.

learning outcomes, VERIFICATION AND assessment criteria:

	OUTCOME DESCRIPTION
	OUTCOME CODES
	VERIFICATION METHODS
	COURSE FORM

	PhD student exhibits a general knowledge at a most advanced level of physics and/or astronomy.
	SD_W01
	Assesment of the presentation performance,discussion
	seminar

	PhD student knows recent theories, research methods, rules and terms of physics and/or astronomy.
	SD_W02
	Assesment of the presentation performance,discussion
	seminar

	PhD student is able to formulate a research problem, to propose and perform a study leading to its solution.
	SD_U01
	Discussion, control during the seminar
	seminar

	PhD student understands a need of continuous self-study as a necessary condition of a creative participation in development of the practised discipline.
	SD_K01
	Discussion, control during the seminar
	seminar


EVALUATION TERMS:

Assesment of presentation performance, level of knowledge on a given subject, active participation in discussion. A necessary condition for the pass are at least two correct presentations and activity shown during seminar sessions.
STUDENT WORKLOAD:

Contact hours.

· Seminar 30 hours,

· consultations 3 hours.

Individual work

· preparation of reports 15 hours.

In total 48 hours (1 ECTS)

Recommended reading:

1. http://sprott.physics.wisc.edu/pickover/physics-paradoxes.html
2. http://en.wikipedia.org/wiki/List_of_paradoxes
optional reading:

1. bayes.wustl.edu

COURSE DEVELOPment: dr hab. Piotr LUBIŃSKI
SEMINARIUM DOKTORANCKIE
	Course code:
	13.7-WFiA-FiA-SD-ST

	Type of course:
	compulsory

	Language of instruction:
	English

	Director of studies:
	dr hab. Dorota ROSIŃSKA, prof. UZ

	Name of lecturer:
	dr hab. Dorota ROSIŃSKA, prof. UZ


	Forma
zajęć
	Liczba godzin w semestrze
	Liczba godzin w tygodniu
	Semestr
	Forma
zaliczenia
	Punkty
ECTS

	Full-time studies
	1


	Seminar
	30
	2
	8
	PASS/FAIL
	


course AIM:
Improvement of skills of preparing and presenting oral lectures  tailored to the audience . Ability to select the scientific literature and other materials for the preparation of a talk taking into account required time for a presentation (5, 15, 30 or 45 minutes talks). Extending a knowledge in the field of  modern physics and astrophysics. Forming an ability of critical reading of scientific articles and other publications. Preparation of a synthetic presentation of a student's doctoral thesis.

ENTRY REQUIREMENTS:

Advanced knowledge of  the subject of PhD thesis. English competence at least level B2.

course contents:
General characteristics of a topic of a PhD thesis : motivation, objectives, status  of studies in the filed, methodology,  interpretation of results and their significance. The topic of the most cited recently published scientific  papers in the field of physics and astronomy.

TEACHING METHODS:

Critical selection,  analysis and  reading of the scientific literature, preparation and presentation of talks, participation in discussions, consultations with the lecturer.

learning outcomes VERIFICATION AND assessment CRITERIA:

	DESCRIPTION OF THE EFFECT
	SYMBOLS OF
EFFECTS
	VERIFICATION METHODS
	FORM OF CLASSES

	Student has a general background knowledge and critical understanding of the most advanced developments in physics and/or astrophysics
	SD_W01
	Assessment of the preparation and presentation of a talk, consultations
	Seminar

	Student knows and understands the recent theories, research methods, principles and terms of physics and/or astronomy
	SD_W02
	Assessment of the preparation and presentation of a talk, selection of literature and participation  in discussions,  consultations
	Seminar

	Student is able to formulate independently a research problem statement, to propose and complete a study aiming at the problem solution
	SD_U01
	Assessment of the preparation and presentation of a talk. Participation in discussions, control during the contact hours
	Seminar

	Student is able to critically relate his/her results to the results of other researchers, to evaluate their relevance and quality, point the way to optimize the research program
	SD_U02
	Assessment of the preparation and presentation of a talk, consultations
	Seminar

	Student is aware of a need of the continuous self-education and has an inclination to learn as a necessary condition of a creative involvement in the development of the practiced discipline
	SD_K01
	Discussion, control during the contact hours
	Seminar


assessment criteria:
A necessary condition for passing the course is a good preparation and presentation  of at least three talks and an active participation in  discussions during the seminars.
STUDENT WORKLOAD:
– seminar 30 hours,

– preparation for the seminar  15 hours.

– consultations 4 hours.

In total 49 hours (1 ECTS)
Recommended reading:

1. The specialized literature in the presented topic
2. The Astrophysics Data System:http://cdsads.ustrasbg.fr/abstract_service.html and arXiv e-prints Abstract Service:  http://arxiv.org/archive/ 
3. M. Alley, The Craft of Scientific Presentations, Springer, New York, 2003
optional reading:
COURSE DEVELOPment: dr hab. Dorota ROSIŃSKA
	Wydział Fizyki i Astronomii

	Kierunek: Fizyka i Astronomia (studia doktoranckie)



