
SPA 302: THE EVOLUTION OF STARS

LECTURE 1: BASICS OF STELLAR EVOLUTION

(Read Chapters 1 and 2 in E. Bohm-Vitense)

1.1 Lecture Overview: 

This lecture provides a brief introduction to some basic concepts about stars that are 
necessary to understand the behavior and evolution of stars. The lecture will lay the 
necessary groundwork for the entire course and is therefore of crucial significance. Extra 
reading is highly encouraged and working through the tutorial questions throughout this 
lecture is a must do for all students in order to grasp the main concepts needed later in the 
course. 

 1.2 Objectives: At the end of this lecture the student should be able to:

◦ Define the term stellar astrophysics and provide a brief historical background 
of stellar astrophysics.

◦ Describe the basic concepts of luminosity, stellar temperatures, mass, 
radius, stellar classification and stellar populations associated to stars.

◦ Derive the basic equations of hydrostatic equilibrium in stars and apply them 
to perform third-year level astrophysical calculations.

1.3 Introduction

Man's intrigues about the stars has over the years grown immensely and crystallized into a 
solid physical theory that provides scientists with a frame of reference on which to interpret 
many aspects about our Universe. Stars- the hot spherical balls of burning gas that light up 
the night sky- come in different colors, shapes, sizes and states giving us evidence of 
possible evolutionary changes occurring in their lifetimes. The functioning and behavior of 
stars can be grouped into two categories:

• Large-scale structure governed by gravity, macroscopic gas physics and energy 
transfer through matter and

• The Microphysics which includes processes of nuclear burning, chemical 
composition and ionization processes, the physical state of gas and energy 
transport processes.

The interplay between the two categories above, together with the resulting evolutionary 
changes that takes place inside stars makes the study of stars a fascinating but very broad 
topic. In this lecture we will consider some basic concepts about stars that are of 
importance in understanding stellar evolution.

1.3.1 Distance to the Stars

Knowledge about the distance to a star is very important if one wants to if a given star 
appears  bright because it is closer or if it is inherently bright. On the other hand, a star 
may appear dimmer because it is at immense distance away from us or if it is small in size. 
However, distance measurement to stars is a very difficult task to perform in astronomy 
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with various methods employed by astronomers having merits and demerits. One of the 
oldest and most accurate method to measure distance to stars (although accurate for stars 
that are close by) is the so called Stellar Parallax. A star with a parallax of 1 arcsec (1 over 
3600th of a degree) and a baseline of 1 Astronomical Unit (AU) is said to have a distance 
of 1 parsec.

The distance d of a star in pc is given by the reciprocal of its parallax:

d= 1
p

                                                     (1.1)

where p is in arcsecs.

Tutorial Question 1.1: Find the distance to the nearest star (Proxima Centauri) given that 
its measured parallax is 0.772 arcsecs. Give your answer in kms. 

Tutorial Question 1.2: Apart from stellar parallax, discuss any other three methods 
employed when measuring distance to stars in astronomy. Mention the merits and 
demerits of each.

1.3.2 Brightness and Luminosity of Stars 

The luminosity of a star, denoted by L,  is one of the most important characteristics of 
stars. It is measured in Watts (W) or as a multiple of the Sun's luminosity Lʘ and it is the 
amount of energy emitted per unit are of a star surface per second. However, in practical 
terms the luminosity of a star cannot be measured directly as seen from the Earth because 
it depends on the distance to the star as well as its true intrinsic luminosity. For example 
Alpha Centauri A and the Sun have equal luminosity whereas in the night sky Alpha 
Centauri A  is observed as dim point of light because it is about 300,000 times further from 
the Earth compared to the Sun. Instead astronomers measure the apparent brightness of 
a star- the amount of light from the star reaching the Earth per unit area. The brightness of 
a star is called its magnitude. 

The relation between the brightness of a star, its luminosity and distance can be expressed 
as:

b= L

4π d 2
                                                      (1.2) 

where b is the brightness or flux measured in W/m2 , L  is the luminosity in W and d is the 
distance in meters. 

To determine the luminosity of a star one requires the distance and the apparent 
magnitude:

L=4 π d 2b                                                (1.3)
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For the sun we can write:

Ls=4π d s
2bs                                                (1.4) 

where the subscript 's' denotes the sun.

Combining (1.3) and (1.4) we can write:

L
Ls

=( dd s )
2 b
bs

                                          (1.5)

hence the luminosity of a star in units of the sun's luminosity can be determined once the 
distance and its brightness (or flux) in units of the sun are known.

Astronomers use both apparent magnitude (m) and absolute magnitude (M) of a star 
related via:

m−M=5logd−5                                 (1.6)

where the quantity (m-M) is called the “distance modulus” and the distance d is in pc.
For any two stars s1 and s2 with apparent magnitudes m1 and m2 and brightness b1 and 
b2, the ratio of their brightnesses is related to the difference in their magnitudes i.e:

m1−m2=2.5 log(b1

b2
)                             (1.7)

Tutorial Question 1.3: Calculate the change in magnitude of a star whose observed 
magnitude changes by a factor of 4.

1.3.3 The Colors of Stars 

Stars display different colors: some white, yellow, red, blue etc but what do the colors 
mean or represent? The color of a star is determined by its surface temperature: red 
denotes lower temperature that yellow, which is lower than blue.

According to Wien's law: low temperature objects emit most of their energies at longer 
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wavelengths (Red to IR), while much hotter objects emit most of their energy at shorter 
wavelengths (Blue + UV).

Recall Wien's law:

λmax=
2,900(nm)
T (K )

                                                  (1.8)

Some very hot stars emit at UV wavelengths so we only see a fraction of their light. Many 
stars emit at the IR and we do not see them at all.

Hotter objects emit more energy at ALL wavelengths due to higher average energy of ALL 
photons.

1.3.4 Sizes and Mass of Stars

Stars are at immense distances from us, so they appear as points of light. But how do we 
determine their sizes?

To figure out the sizes of stars, astronomers measure both the star's luminosity (from the 
distance and brightness) and surface temperature (from spectral type) and manipulate the 
numbers with a few formulae.

Astronomers have used this technique to discover that there are many stars much smaller 
than the sun, while many more can be thousands larger.

To accurately determine the size of a star, the Stefan-Boltzmann law is used:

F=σT 4                                                                 (1.9)

where F is the flux, T is the temperature of the stars and σ is the Stefan-Boltzmann 
constant.

The flux F, luminosity L and radius R of a star are related via:

L=4π R2 F=4π R2σT 4                                                   (1.20)            
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We can relate a star's parameters to those of the sun which eliminates σ  :

L
Ls

=( RRs )
2

( TT s )
1/2

                                                   (1.21)

from which we can write:

           R
Rs

=(T sT )
2

( LLs )
1/2

                                                       (1.22)      

Equation (1.22) tells us that the radius of a star is inversely proportional to the square of its 
surface temperature and is proportional to the square root of its luminosity. 

Therefore, a hotter bright star must be small in size (proofs existence of white dwarf stars). 
On the other hand a cooler and bright star must be big in size (e.g giants and supergiants 
such as Betelgeuse!).

The best example used to calculate star masses is when we have a binary system of stars 
orbiting each other. Assuming that the orbits are stable, any two stars 1 and 2 with masses 
M1 and M2, it can be shown that:

P2

(a1+a 2)
3=

4π2

G (M 1+M 2)
                                        (1.23)

where a1 and a2 are the length of the semi-major axes of the orbits of stars 1 and 2 
respectively, P is the orbital period and G is the gravitational constant.

To determine both masses of the two stars, we can use either the ratio of their orbital 
velocities or their semi-major axes:

v1

v2

=
a1

a2

=
M 2

M 1

                                                   (1.24)
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where the orbital velocities can be determined from the doppler shifts of the measured 
spectral lines via:

Δλ
λ =

vr
c

                                                  (1.25)

1.3.5 Composition of Stars

The observed spectral lines observed in star spectra have wavelengths that correspond to 
the laboratory wavelengths for Hydrogen, Helium and many other metals hence giving us 
proof that these elements are present in stars.

The strength of the observed spectral lines can in some cases such as for Hydrogen 
indicate the abundance of the corresponding element. However, the line strength also 
depends on many other factors such as temperature, pressure and turbulence in stellar 
atmospheres. One good example is that of Helium which although the observed 
corresponding lines are very weak in O and B stars, it is very abundant in stars.

Stars are made up mainly of Hydrogen (about 70%), Helium (about 28%) and other metals 
(about 2%). The mass fractions of the various elements present in stars are denoted by:

• H:  X=0.7

• He: Y=0.28

• Other Metals: Z=0.02

1.3.6 Spectra of Stars 

Stars are identified by their spectral classification. A star's spectral classification tells us 
about: 

• Its type

• Temperature

• Mass and

• Age

It also places a star in its correct location within the context of stellar evolution. The main 
spectral classes of stars from hottest to coldest are:

O   B   A   F   G   K   M   L   T
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Other than spectral classification, other classification schemes exist such as the luminosity 
classification.

1.3.7 The Hertzsprung-Russell Diagram (H-R diagram)

The various description of the basic characteristics of stars such as mass, radius, spectral 
type and temperature can be put together to give a picture of how a star evolves in form of 
a graph. The graph used is called the Hertzsprung-Russel diagram- one of the most 
important and useful diagrams in astronomy.

• In 1911, Danish astronomer Ejnar Hertzsprung plotted the absolute magnitudes of 

stars (luminosities) against their colors.

• In 1912, American astronomer Henry Norris Russell independently plotted the 

spectral types of stars (another way to measure temperature) against absolute 
magnitude.

• Both Hertzsprung and Russell realized that certain previously unsuspected patterns 

emerged from their plots; whose understanding is to date very crucial to study stars.

Fig 1.1: H-R diagram showing various classes of stars.

1.3.8 Stellar Populations

Differences between various types of clusters of stars may be used to sort them by various 
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criteria into a sequence of associated characteristics called sequences of stellar 
populations.

This classification amounts to sorting star clusters according to their ages and 
composition. A star cluster is identified as a group of stars with a much stronger 
gravitational attraction to each other than to general field stars.

The number of stars in a cluster varies from a few tens to thousands of members.

The reddest clusters are massive spherical ones called GLOBULAR CLUSTERS 
composed of tens of thousands to hundreds of thousands of stars while the OPEN 
CLUSTERS are more irregular groupings of stars from a few to a hundred stars arranged 
more or less at random showing no concentration towards cluster center.

     Fig 1.2: Globular and Open cluster comparison.                                      
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