
Solution to Brightness Problem 

•  We really need a second measure of brightness, called the 
Absolute Magnitude M, which is a measure of brightness 
from a fixed distance d from the star. (chosen to be d=10pc).  

•  Apparent Magnitude m is how bright a star is as seen from 
Earth. 

 
    

          M 
 
 

      d=10pc 

M is the brightness you would 
measure if the star was 10 pc’s 
from the Earth.  
 
Since now every star is the same 
‘distance’ from the Earth, you can 
compare M’s to see which stars are 
actually more or less bright.	




Apparent and Absolute Magnitudes 

m 	
 M 	

Brightness as 

appears from Earth	

Brightness if all 

stars were at same 
distance from Earth	


Canis major	




The Absolute Magnitude and the 
Distance-Magnitude Relationship: 

           

€ 

d =10 1+0.2(m−M )[ ]

Remember d is in pcs, and 1 pc =3.26 ly 

•  An increase of 2.51 in brightness corresponds to a decrease of 1.0 in magnitude.  
•  An increase of 100 in brightness corresponds to a decrease of 5 in magnitude 

M =m! 5Logd + 5

•  The Absolute Magnitude M is a measure of the intrinsic 
brightness of a star. 

•  The Absolute Magnitude M can be calculated from the Earth 
measured apparent magnitude m, and the known distance to the 
star d using the Distance-Magnitude Relationship 

 
 



 
       Name   d (ly)   m  M 
Sirius  Alpha CMa  8.6  -1.46  1.4   
Canopus Alpha Car  74  -0.72  -2.5   
Rigil   Alpha Cen  4.3  -0.27  4.4   
Arcturus Alpha Boo  34  -0.04  0.2   
Vega  Alpha Lyr  25  0.03  0.6   
Capella Alpha Aur  41  0.08  0.4   
Rigel  Beta Ori          ~1400  0.12  -8.1   
Procyon Alpha CMi  11.4  0.38  2.6   
Achernar    Alpha Eri  69  0.46  -1.3   
Betelgeuse Alpha Ori  ~1400  0.50  -7.2   
Hadar  Beta Cen  320  0.61  -4.4   
Acrux  Alpha Cru  510  0.76  -4.6   
Altair  Alpha Aql  16  0.77  2.3 
 

  Sun, M=4.83   

Visible Stars 

These stars appear of similar 
brightness (m) from Earth, but 
Canopus is really much further 
away, so Canopus is actually a 
much bigger and brighter star 
(M).	




How far is the star Merak? 

d =10 1+0.2(m!M )[ ] =10[1+0.2(2.34!0.41)] =101.386 = 24.3pc

M	


m 
d	




How far is the star Gorgonea Secunda? 

d =10 1+0.2(m!M )[ ] =10[1+0.2(4.69!(!0.3))] =101.998 = 99.5pc
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Stellar Luminosity 

•  The luminosity L of a star is a measure of how much light 
energy it puts out, brighter stars are more luminous. 

•  The absolute magnitude M is a measure of the brightness too, 
The smaller M is, the more Luminous it is. 

•   The (relative to our Sun) Luminosity of a star is given by 

 
•  So for example, the star Merak has an absolute Magnitude of 

M=0.41, this means that the star Merak is 59 times more 
luminous than our Sun. 

 

L
LSUN

= 86!10"0.4M

L
LSUN

= 86!10"0.4(0.41) = 86!10"0.164 = 59.0



The redder stars in this 
image are relatively cool, 
and the bluer stars are 
relatively hot. 

Stellar Temperatures 

To measure the temperature of a star, measure its “color”. 



Stellar Temperatures 

•  As the temperature goes up, the peak of the spectrum goes towards 
the blue. (remember, for our Sun, λmax=0.5 µm, T=5800K) 
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To measure the temperature of a star, measure its “color”. 



Stellar Temperatures and Classification 

•  There are two ways to measure the temperature of a star: 
§  Measure its “color” 
§  Measure its absorption line spectrum from Spectroscopy. 

               

•  To obtain a light spectrum, light from a star is passed through a grating 
and focused onto a CCD camera. 



Spectrum of our Sun 

•  In the early 1800’s, Joseph Fraunhofer observed the solar spectrum.  He saw 
dark regions, known as spectral lines (these tell us what elements are there). 

•  Starting in the late 1800’s, it became possible to take the spectra of stars with 
similar detail. 

•  The spectra are not the same for all stars… 



Spectral Classification 

•  Here spectra from stars as observed 
from Earth. 

•  Note the variation in the strength of 
the hydrogen absorption lines. 

Hottest stars 
(T=50,000K)	


Coldest stars 
(T=3,000K)	




Spectral Classification 

•  Stars are ordered in a classification scheme, called the 
Spectral Type, with letters (and numbers). 

•  The spectral type is a temperature indicator.   
•  The ordering of the spectral types is:  

 

Hottest à O, B, A, F, G, K, M ß Coldest 

•  Oh Boy, An F Grade Kills Me  
•  Oh, Be A Fine Girl/Guy, Kiss Me 

 Hottest à O1, O2, O3…O9, B1, B2… ß Coldest 



Spectral Classification 

This is a computer simulation of the different types of stars 

Hotter 
stars	


Colder 
stars	




Spectral Classification 

•  A measurement of the spectral type gives the surface 
temperature of the star. 

•  O-stars are the hottest, with surface temperatures over 
25,000 K. 

•  M-stars are the coolest, with temperatures under 3500 K. 
•  The temperature of the Sun (a G2 star) is 5770 K. 



•  The spectral type corresponds to a particular range of 
color, and temperature, star. 

•  Note also that hotter stars are larger, more massive and 
more luminous.	


Spectral Classification 



Stellar Properties 

•  We can measure the apparent brightness m of stars relatively 
easily from Earth. 

•  We can measure the spectral type of stars.  This gives us the 
temperature T. 

•  We can measure the distances d to the relatively nearby stars 
(from parallax measurements). Thus we can compute the absolute 
Magnitudes M, or luminosities L, for these stars. 

•  What do you do with these data? 



Temperature-Luminosity Diagrams 

•  When you have a large number of objects, each with several observed 
characteristics, look for correlations between the observed properties. 

•  Henry Norris Russell and Ejnar Hertzsprung were the first to do this 
with stars in the early 1900’s. 

•  Some measure of the temperature is plotted on the x-axis of the plot, 
and intrinsic luminosity is plotted on the y-axis. 

	

HR Diagram sorting:	


http://www.spacetelescope.org/videos/heic1017b/	




•  The stars do not fall on 
random locations in this 
diagram! 

•  What does this mean? 
•  This diagram gives us clues 

to inner workings of stars, 
and how they evolve. 

•  The Main Sequence is the 
red line in the middle. Most 
stars fall on the main 
sequence. 

•  Our Sun is a G2, main 
sequence star with M=4.8 

Temperature-Luminosity 
Diagrams 
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Hertzsprung-Russel Diagram 

•  This diagram shows some well-
known stars.  Most of the bright 
stars you see without a 
telescope are giants. 

•  These regions in the H-R 
diagram are useful when 
considering the evolution of 
stars (more later). 

•  For the nearest stars to us: 
•  91% on Main Sequence 
•  8% White Dwarfs 
•  1% Giants. 
 



Temperature-Luminosity Diagrams 
The location of a star on this diagram is an indicator of its size. 

 

•  Cool and luminous stars: large 
radii. 

•  Hot and faint stars: small radii. 
•  Most, but not all, stars lie on the 

Main Sequence, and there is 
not a large variation in radius. 
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Temperature - Luminosity Diagrams 

So far, we have found out that: 
1.  Stars occupy specific regions of the temperature-luminosity or 

color-magnitude diagram. 
2.  The inferred radii of stars spans a very wide range from white 

dwarfs with sizes similar to the Earth to supergiants with 
sizes equal to the Sun-Mars distance. 

 
 
Example: The star Regulus: Observed Spectra show that it is a B7 V 
star. On the HR diagram, this star should have an absolute magnitude 
M ~ -0.5. We then measure it’s apparent magnitude m, and use the 
magnitude-distance formula to find the distance d to the star.  
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The Mass-Luminosity Relation 

On this H-R diagram, each dot 
represents a main-sequence star. 
The number next to each dot is the 
mass of that star in solar 
masses. As you move up the main 
sequence from the lower right to the 
upper left, the mass, luminosity, and 
surface temperature of main-
sequence stars all increase. 



Stellar Size and Spectra  

These spectra are from two stars of the same spectral type (B8) and, 
hence, the same surface temperature (13,400 K) but different radii and 
luminosities (the supergiant is much bigger). 

B8  
supergiant  

B8  
main-

sequence 



Luminosity Classes 

Dividing the H-R diagram into 
regions, called luminosity 
classes.  
•  Luminosity classes Ia and Ib 
encompass the supergiants. 
•  Luminosity classes II, III, and 
IV indicate giants of different 
brightness.  
•  Luminosity class V 
indicates main-sequence 
stars. (like the Sun) 
 
White dwarfs do not have their 
own luminosity class. 



2 Nearby Stars 
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Binary Stars 

About one-third of the visible “stars” in our region of the Milky Way are 
actually double stars. The images and plots show the relative 
positions of the two stars over nearly half of their orbital period. The 
orbital motion of the two binary stars around each other is evident.  



Center of Mass of a Binary Star System 

  Two stars move in elliptical orbits around a common center of mass. 
Although the orbits cross each other, the two stars are always on opposite 
sides of the center of mass and thus never collide.  

 
For 2 stars of Mass M1, M2, 

M1 +M2 =
a3

P2



Spectral Line Motion in Binary Star Systems 

The diagrams indicate the positions and 
motions of the stars, labeled A and B, relative 
to Earth. Below each diagram is the spectrum 
we would observe for these two stars at each 
stage. The changes in colors (wavelengths) of 
the spectral lines are due to changes in the 
stars’ Doppler shifts, as seen from Earth. 



Spectral Line Motion in Binary Star Systems 

This graph displays the radial-velocity curves of the binary 
HD 171978. (The HD means that this is a star from the Henry 
Draper Catalogue of stars.) The entire binary is moving away 
from us at 12 km/s, which is why the pattern of radial velocity 
curves is displaced upward from the zero-velocity line. 



Representative Light Curves of Eclipsing Binaries 

Illustrated here are (a) a partial eclipse and (b) a total eclipse.  


