
Astronomy 162 Lab 4:  Stars

Stars vary widely in color, size, temperature, and brightness.  Astronomers classify stars to 
understand the relationship between their mass color and brightness.

http://www.youtube.com/watch?v=HEheh1BH34Q

Spectral Class
Stars are classified by the spectra that they emit.  The categories are O, B, A, F, G, K, M 

essentially corresponding to the visual color that the star has.  O stars are the blue stars, and M stars are 
the red stars.  When the relationship between temperature and star color was discovered it became clear 
that blue stars are the hottest, red stars are the coolest.  In between each letter, there is a range from 0 to 
9.  The spectral classes go from:

O0-O1-O2-O3-O4-O5-O6-O7-O8-O9-B0-B1-B2-B3-B4-B5-B6-B7-B8-B9-A0-A1-A2-A3-A4-A5...
… G9-K0-K1-K2-K3-K4-K5-K6-K7-K8-K9-M0-M1-M2-M3-M4-M5-M6-M7-M8-M9.

So an O0 star is the bluest and hottest class of star, and M9 stars are the dimmest, darkest red stars.

Absolute Magnitude versus Apparent Magnitude
The brightness of a star as seen from Earth is that star's Apparent Magnitude.  Apparent 

Magnitude is measured so that the smaller numbers correspond to the brightest objects.  The Sun is by 
far the brightest object in the sky and has an Apparent Magnitude of about -30.  

The Apparent Magnitude of any object is determined by two things:  the object's intrinsic 
brightness, and the object's distance.  In the same way that a flashlight appears to dim as you move 
away from it, a star's brightness decreases with distance.  So the Sun, which is a very average star, 
appears very bright to us, overwhelming the sky when we are facing it, because it is by far the closest 
star to us.  

When astronomers want to compare stars, we invariably want to compare their intrinsic 
brightness.  So we do not generally use a star's Apparent Magnitude.  Instead we use Absolute 
Magnitude, the brightness the object would have if it were placed 10 parsecs away from Earth.  So 
while the Sun has an apparent magnitude of -30, it's absolute magnitude is 4.75.

Hertzbrung-Russel Diagram

Example Image by aspire.cosmic-ray.org

The Hertzbrung-Russel Diagram is a tool that we use to display the properties of a collection of 
stars being studied.  There are many types of HR-Diagram, and the type you use depends on what 



properties you are actually trying to compare.  Observational Astronomers tend to use an HR Diagram 
that plots Spectral Class (which is directly related to temperature) on the x-axis against Absolute 
Magnitude on the y-axis.  

From this diagram, astronomers can study the relationship between temperature and brightness. 
This relationship leads to some important observations.  Firstly, the diagram is divided into three 
groups:  Giants and Super Giants at the top, a long line of Main Sequence stars in the middle, and 
White Dwarfs at the bottom.  It turns out that Main Sequence stars are in the prime of their lives, those 
stars burning Hydrogen into Helium are found on the middle line.  Giants and Super Giants are old 
stars burning the helium into carbon and other elements at the end of their lives.  Finally, white dwards 
are dead stars, that means they are no longer going through any nuclear fusion.  White Dwarfs are only 
one way for a star to die, but most stars including the Sun, will die as a White Dwarf.

Using Stellarium to Build and HR-Diagram
Stellarium is free software, that you can download at home.  In this lab, you are going to use 

Celestia to find the Absolute Magnitude and Spectral Class of at least 20 stars.  You will use the excel 
template, found on the astrolab.phys.utk.edu website under this description, to plot the stars to make 
your own HR-Diagram.  The more stars that you plot, the better your HR-Dagram will be!

Stellarium
1. Open Stellarium on your desktop.
2. By clicking on any star, the information for that star should display in the upper left corner of 

the screen.  Record the star's name, Stellar Class, and Absolute Magnitude in the Excel Sheet in 
the appropriate boxes.

3. Continue clicking on and recording stars until you have atleast twenty, or the HR-Diagram 
shows the main sequence line clearly.

Unfortunately, you're going to have to do a little arithmetic to turn the spectral class into a number that 
Excel can plot.  Take the letter at the beginning of the class.  This letter corresponds to a multiple of ten 
as below:

O = zero
B = ten
A = twenty
F = thirty
G = forty
K = fifty
M = sixty

Add to that multiple of ten, the number directly after the letter.  
Example:  A0 = twenty + 0 = 20
Example:  G5 = forty + 5 = 45
Example:  O0 = zero + 0 = 0
Example:  B7 = ten + 7 = 17

This is the number that you will use for the column labeled 'Numeric Class' in the Excel Sheet.  Make 
this calculation for all of your stars.

Notes:    1Your HR-Diagram will be inverted from the one shown above!  2Their may be a Roman 
Numeral after the numbers in the spectral class, ignore that numeral, we will not be using it for this 
exercise.  
Print off the Excel sheet so that the HR-Diagram and columns clearly show.  Label the Main sequence. 
Put your name and TAs name on this sheet and turn it in.


