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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	15

	
	Practical exercises (school internships)
	

	Total in-class work
	60

	Out-of-class work
	Work with resources in the library
	25

	
	Preparation of the presentation
	30

	
	Exam preparation 
	20

	
	
	

	Total out-of-class work
	75

	TOTAL ACADEMIC WORK
	135

	ECTS credits in-class work
	2

	ECTS credits out-of-class work
	2.5

	TOTAL ECTS CREDITS
	4.5


	№
	Grade components

	% of the grade

	1. 
	Presentation on a chosen topic
	50

	1. 
	Test
	50

	Outline of the course:

	The course Astrophysics is intended for undergraduate students in Nuclear and Particle Physics. The program of the course aims to provide a systematic overview of main astrophysical topics and to introduce students to the basics and the methodology of astrophysics as well to the physical characteristics of various cosmic objects and environments.

The introductory issues are dedicated to the basic quantities used in astronomy and to the fundamental parameters of stars. 
Further, the program is focused on stellar astrophysics: stellar interiors, generation and transfer of energy, stellar atmospheres. The introduction to solar physics illustrates of the topics of stellar astrophysics. Several topics of celestial mechanics and planet astrophysics are also considered: formation of the Solar system and its components – planets, dwarf planets, asteroids, comets.

The components of the interstellar medium and their observational tracers are briefly discussed. Special attention is devoted to formation and evolution of stars: starting from the conditions in the interstellar medium to the final stages of stars' lifetime. 

The last topics in the program deal with galaxies. Different galaxy types and their basic physical and observational properties are discussed.
The course is available in accessible form and provides links to other fields of Physics.



	Preliminary requirements:

	The students should have basic knowledge of classical and quantum mechanics, electrodynamics, thermodynamics, atomic and nuclear physics (which belong to the program for general education in the Faculty of Physics, University of Sofia). It is recomended that the interested students have attended the course in General astronomy provided by the Bachelor program NPP.


	Key competences acquired:

	After a successful completion of the course the students are expected to have basic but comprehensive knowledge in all astrophysical fields. They should understand the Universe as we know it and the processes which take place therein.  


Lessons plan
Lectures 
	№
	Topic:
	Acad. hours

	1.
	Basic photometric definitions and quantities - Flux. Stellar magnitude. Pogson's law. Color excess  and absolute magnitude. Atmospheric and interstellar extinction. 
	2+1

	2.
	Fundamental parameters of stars – Spectra, temperatures and luminosity. Methods for determination of distances. Hertzprung-Russell diagram. Masses and radii; estimation methods. Binary stars. Relationships mass-luminosity-radius. 
	2+2

	3.
	Astronomical observations – Present-day telescopes: ground-based and space; optical, radio, IR, UV, X-ray and Gamma-Ray. Sky surveys.
	4

	4.
	Physical description of stellar matter - Equation of state. Boltzman and Saha equations. Local thermodynamic equilibrium. Black-body radiation. Planck's law. Wien's law. Effective temperature. 
	4+2

	5.
	Interaction between  light and matter – Energy transfer equation. Radiation pressure. Spectral lines. Emission and absorption. Line profiles and broadening. Gauss, Lorentz and Voigt profiles. Curve of growth. 
	3+2

	6.
	Interiors of stars - Hydrostatic equilibrium. Equation of state. Criterion for stellar convection. Stellar energy sources – reaction rates and cross sections. Development of stellar models.
	3

	7.
	Physics of the Sun – Solar interior, nuclear reaction and energy transfer. Solar atmosphere: photosphere, chromosphere and corona. Magnetic activity and solar cycle. Solar observations – coronographs.
	3+1

	8.
	Celestial mechanics – Kepler laws. Virial theorem. 
	1+1

	9.
	Solar system – Formation and basic parameters.
	2

	10.
	Planets in the Solar system – Inner planets: Mercury, Venus, Earth, Mars; Giant planets: Jupiter, Saturn, Uranus, Neptune. Satellites. 
	4+2

	11.
	Small bodies in the Solar system – Dwarf planets. Asteroids, meteoroids. Comets. Kuiper belt and Oort cloud. 
	1

	12.
	Interstellar medium – Components. Gas – molecular, atomic and ionized phase. Observational tracers. Dust: formation, growth and destruction. Observational tracers of dust, absorption curve. Extinction law in the Milky way and the close galaxies. 
	2+2

	13.
	Star formation and pre-main-sequence evolution – Formation of protostars: Jeans criterion, gravitational collapse, fragmentation, protostars. Pre-main sequence evolution.
	1+1

	14.
	Main sequence – Evolution on the Main sequence. Energy sources and mass dependence.
	2

	15.
	Post-main sequence evolution – Late evolutionary stages of low-mass stars. Late evolutionary stages of massive stars.
	2

	16.
	The fate of massive stars. High energy astrophysics – Supernovae. Gamma-Ray bursts. White dwarfs. Neutron stars and pulsars. Black holes. Evolution in binary system.
	4

	17.
	Galaxies in the Universe – Morphological classification. Elliptical, spiral, irregular and active galaxies. Basic properties.
	3+1

	18.
	Galaxies formation and evolution – Collapse and collisions; interactions and evolution. Galaxy clusters.   
	2


Final Exam
The final exam consists of two parts. A multiple choice test which covers the course material accounts for 50% of the final grade. Тhe remaining 50% will be formed on the basis of preparation of a talk on (freely chosen) astrophysical topic and its presentation. The aim of this task is to train students to select the most important and essential items on given topic from the literature and to present scientific results to the public.
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�	 Depending on the course specificity and on the requirements of the teacher, other types of activity can be added or the unnecessary ones can be removed. 







