
    

DISTANCE MODULUS 
In the magnitude handout, we distinguished between two different magnitudes: the 
apparent magnitude, which indicates how bring an object appears to be, and 
absolute magnitude, which indicates a star’s true brightness, or luminosity.  The only 
reason those two numbers are different for various stars is because every star is not the 
same distance from us.  We can take advantage of this by using the difference between 
a star’s apparent magnitude and absolute magnitude to actually calculate the distance 
of the star.  This difference is called the distance modulus, m – M. 

Recall that apparent magnitude is a measure of how bright a star appears from Earth, 
at its “true distance,” which we call D.  Absolute magnitude is the magnitude the star 
would have if it were at a standard distance of 10 parsecs away.  So this presents us 
with three general possibilities for the value of the distance modulus: 

• If the star is exactly 10 parsecs away (rare, but it does happen), the absolute 
magnitude will be the same as the apparent magnitude.  The apparent 
magnitude is actually a good indicator of true luminosity.  Thus, if m – M = 0, 
then the distance D = 10 pc. 
 

• If the star is closer than 10 parsecs, then the star will appear deceptively bright; 
its apparent magnitude will be too bright to tell us its true luminosity.  The star 
looks brighter than it actually is.  Remember that the magnitude system is 
“backwards,” in that lower numbers mean brighter stars.  Therefore, in the 
case where the star is closer than 10 parsecs, the apparent magnitude will be a 
lower number (brighter) than the absolute magnitude, and m – M will be a 
negative number.  So if m – M < 0, then the distance D < 10 pc. 
 

• If the star is farther than 10 parsecs, then the star will appear deceptively dim; 
its apparent magnitude will be too dim to tell us its true luminosity.  The star 
actually is brighter than it looks.  In the case where the star is farther than 10 
parsecs, the apparent magnitude will be a higher number (dimmer) than the 
absolute magnitude, and m – M will be a positive number.  So if m – M > 0, 
then the distance D > 10 pc. 

The above arguments are good for making a rough estimate of a star’s distance, but 
how can we find a more precise value?  In the magnitude handout, we had an equation 
that let us calculate the absolute magnitude of a star, given its apparent magnitude and 
distance: 

𝑀𝑀 = 𝑚𝑚 − 5 log( 𝐷𝐷
10

)  



We can essentially turn that equation inside out and solve for the distance, D: 

𝐷𝐷 = 10 𝑥𝑥 10
𝑚𝑚−𝑀𝑀
5  

As with most complicated equations like this, it is usually best to take things in steps.  
For example, consider the star Rigel, which has an apparent magnitude of +0.18 and 
an absolute magnitude of -6.7.  To find the distance to Rigel, first we calculate the 
distance modulus: 

m – M = 0.18 – (-6.7) = 6.88   This is a positive number, so the star is more than 10 
parsecs away 

𝑚𝑚−𝑀𝑀
5

= 6.88
5

= 1.376   Now finish with 

𝐷𝐷 = 10 𝑥𝑥 10
𝑚𝑚−𝑀𝑀
5 = 10 𝑥𝑥 101.376 = 10 𝑥𝑥 23.8 = 238 𝑝𝑝𝑝𝑝  This is 
close to the value in the Appendix of the text. 

 

Therefore, we can find the distance to any star, if we know its apparent and absolute 
magnitudes.  But this does raise the issue: how do we find the absolute magnitude of a 
star, if we don’t know its distance?  Somehow, we must find a way to get its 
luminosity from some other measurable property, one that does not depend on 
distance.  If we can figure out the luminosity, we can then calculate the absolute 
magnitude, and we’re in business.  One such measurable property is the temperature 
of a main sequence star.  If we can figure out a main sequence star’s temperature – by 
looking at its color or spectral type – we can use the Hertzsprung-Russell Diagram to 
find its luminosity, since the Main Sequence itself is essentially a relationship between 
T and L.  This technique is called Spectroscopic Parallax, and an example is below.  

Examining a star's spectrum, we find out that the star is a main sequence star with a 
temperature of 4000 K. According to the H-R Diagram, what is the luminosity and 
absolute magnitude of this star?  If the star has an apparent magnitude of +11.5, how 
far away is it? 

First, we can look at the data and the graph for Homework #2. The stars with a 
temperature of 4000 K tend to cluster around a value of Absolute magnitude +7. 

To find out how the luminosity of such a star compares to the luminosity of the Sun, 
we follow the procedure from the magnitude handout.  Calculate the difference in 
absolute magnitude, and raise 2.512 to that power: 



The unknown star is dimmer, so it goes first in the subtraction:   7 – (4.83) = 2.17 and 
2.5122.17 = 7.38.  So the Sun is 7.4 times brighter than the star.  Or you can say the 
star is 1

7.38
= 0.136 times (about 14%) the Sun’s luminosity. 

To find the distance, we note that the distance modulus is 11.5 – 7 = 4.5.  This is a 
positive number, so the star is more than 10 parsecs away.  Now take it in steps 

\
𝑚𝑚−𝑀𝑀
5

= 4.5
5

= 0.9 

𝐷𝐷 = 10 𝑥𝑥 10
𝑚𝑚−𝑀𝑀
5 = 10 𝑥𝑥 100.6 = 10 𝑥𝑥 7.94 = 79 𝑝𝑝𝑝𝑝 
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