
SPA 401: INTRODUCTION TO PROPERTIES AND PHYSICS OF
STARS

LECTURER: Dr G. O. Okeng'o 

EMAIL: gokengo@uonbi.ac.ke;  OFFICE: G18, Examinations Center

CONSULTATION TIMES: Mondays 12-1 pm and Tuesdays 10-12 pm

1.0 GENERAL COURSE INFORMATION

1.1 Introduction

During first year undergraduate physics most students often get the impression that physics is made up of 

disticnt disciplines with little or no connection: Mechanics, electromagnetism, thermodynamics, atomic physics,

quantum physics e.t.c. each dealing with a separate phenomena. However, by studying astrophysics, you will 

be accorded  with a unique opportunity to appreciate that to understand many of the complex structures, 

systems and processes that exist in the natural world, one requires a combination of knowledge from the 

different fields of physics, and not just any single field. It is for this reason, amongst other reasons, that 

astrophysics has become an important subject of much interest to many students, that provides an ideal 

framework for demonstrating the power and elegance of physics. In studying stars for example, astrophysics 

require combined knowledge from nuclear physics, statistical mechanics, thermodynamics, electrodynamics, 

statistical mechanics and quantum theory. In this course, we will focus on some of the important properties of 

stars and the physics governing the state, behavior and evolution of stars. However, because stars are so far 

away the only source of information available to astrophycists is coded in the light received at a telescope. 

This reduces the problem of  understanding the properties and physical laws governing the stars to that of 

extracting as much information as possible from their emitted light, and as such, requires some novel 

astrophysical tools of trade.

The light received from our galaxy, the Milky Way for example,  and other galaxies scattered throughout the 

universe, comes from a myriad of stars of all ages and masses- and hence different chemical compositions 

and a wide range of physical properties- that are contained in the host galaxies.  Studying of stars is therefore 

central to understanding galaxies in particular and the universe in general, since galaxies form the basic 

building blocks of the universe. Furthermore, many astrophysical studies indicate that about 95% of the 

luminous matter in the universe is contained inside stars, and hence proper knowledge about how stars shine, 

their structure, how they evolve in time, as well as the effect of their evolution on the chemical composition of 

galaxies is necessary to understand the universe.  Indeed, therefore, in the absence of a solid understanding 

of the Physics and Properties of Stars, our cosmological calculations and predictions of the universe would 
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either be incomplete or  completely WRONG! 

             

1.2 Course Aim 

To introduce you to the main properties of stars and the governing physics, in relation to the basic theory of 

stellar evolution that will serve as a crucial introduction to advanced courses in stellar evolution at 

postgraduate level.

1.3 Prerequisites
SPA 301, SPA 302 , SPA 303.

1.4 Course Structure
 Class assignments  (number to be determined by lecturer but atleast one per every two weeks)- 10%

 Tutorials and 1 class test - 10%

 1 written term paper and oral presentation on a mutually agreed thesis topic with the lecturer - 10%

 End of semester exam - 60% 

 N/B: There shall be a bonus mark of upto 5% towards lecture attendance, class ettiquette and class 

participation (i.e asking and answering questions).

COURSE CONTENT

1. Observational Background and Basic Assumptions

1.1 What is a star?

1.2 What can we learn from observations?

1.3 Basic assumprions

LEARNING OUTCOMES 

At the end of this course, you should be able to:

1. Describe the observational background and basic assumptions encountered in studying stars.

2. Derive the basic equations of stellar evolution.

3. Perform basic calculations on stellar structure and evolution.

4. Demonstrate understanding of elementary physics of gas and radiation in stellar evolution.

5. Describe the various nuclear processes inside stars.

6. Describe and implement simple stellar models at equilibrium configuration.

7. Discuss in detail the concepts of stability and instability in stars.



1.3.1. Stars as isolated systems

1.3.2. Uniform initial composition

1.3.3. Spherical symmetry

1.3.4. HR diagram: Tool for testing stellar evolution

2. Equations of stellar evolution

2.1 Local thermodynamic equilibrium

2.2 The energy equation

2.3 The equation of motion

2.4 The Virial theorem

2.5 The total energy of a star

2.6 Equations governing composition changes

2.7 The set of evolution equations

2.8 Characteristic timescales for stellar evolution

2.8.1. Dynamical timescale

2.8.2. Thermal timescale

2.8.3. Nuclear timescale

3. Elementary physics of gas and radiation in stellar interiors

3.1 Equation of state

3.2 Ion pressure

3.3 Electron pressure

3.4 Radiation pressure

3.5 Internal energy of gas and radiation

3.6 Adiabatic exponent

3.7 Radiative transfer

4. Nuclear Processes inside stars

4.1 Binding energy of atomic nucleus

4.2 Nuclear reaction rates

4.3 Hydrogen burning I: the p-p chain reaction

4.4 Hydrogen burning II: the CNO cycle

4.5 Helium burning: Triple alpha action

4.6 Carbon-Oxygen burning

4.7 Silicon burning: nuclear statistical equilibrium

4.8 Creation of heavy elements

4.9 Pair production

4.10 Iron photodisintegration



5. Simple Models in Equlibrium Configuration

5.1 Stellar structure equations

5.2 What is a simple stellar model?

5.3 Polytropic models

5.4 The Chandrasekhar mass

5.5 The Eddington Luminosity

5.6 The standard model

5.7 The Point-source model

6. The Concept of Stability in stars

6.1 Secular thermal stability

6.2 Cases of thermal instability

6.3 Dynamical stability

6.4 Cases of dynamical instability

6.5 Convection

6.6 Cases of convectional instability

FURTHER READING

1. Erica B. Vitense “Introduction to Astrophysics: Stellar Structure and Evolution” (1997), Volume 3,

Cambridge Univerity Press.

2. A. C. Phillips “The Physics of stars” (1994), John Wiley and Sons, Baffins Lane, Chichester, West

Sussex PO19 1UD England.

ASTRONOMY TERM PAPER:

In not more than 1000 words, write a well-researched term paper on the title:

 “On Stellar Corpses and Stars on their Deathbed: A story about White Dwarfs, Neutron stars and

Blackholes”  (Hand-in hard copies and email a soft copy to gokengo@uonbi.ac.ke three weeks to

end of the semester)
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