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INSIDE LAB 9:  The Hubble Redshift-Distance Relation 
 
OBJECTIVE:  To become familiar with Hubble’s law. 
 
DISCUSSION: 
 

In the early 20th century, astronomers discovered that the light from many spiral 
galaxies is redshifted.  In the late 1920’s Edwin Hubble discovered that, although the light 
from some nearby galaxies is blueshifted, the light from all distant galaxies is redshifted and 
the farther away a galaxy is the more redshifted its light is.  By interpreting the redshift to be 
due to the motions of the galaxies, Hubble came up with his famous law v = H0 d with v the 
speed the galaxy appears to be moving away from us, d its distance and H0 a constant called 
Hubble’s constant. 

 
When Hubble’s observation that the universe is expanding is combined with 

Einstein’s theory of general relativity it is found that there is another interpretation for 
Hubble’s result.  That is that the expansion of the universe is really the creation of space 
between distant galaxies.  Thus, all distant galaxies really are getting farther away from 
us as time goes on, but it is the creation of space that is causing this to occur.  A two-
dimensional example is that dots on a balloon that is being blown up all move away from 
each other as the surface area of the balloon increases. 
 
 So, what is the cause of the redshift from the distant galaxies? It is due to the fact 
that light is a wave and, as space expands, light must expand with it. Thus, the 
wavelengths of the light get longer.  The more distant a galaxy is the longer it takes the 
light it emits to get to us. The longer it takes for the light to get to us the more the 
universe expands and, hence, the greater the redshift. 
 
 
Exercises: 

 Navigate to the following website: 
 

http://depts.washington.edu/astroed/HubbleLaw/galaxies.html 
 

 
On this page, you will see a list of distant galaxies which are labeled by their NGC 
number.  NGC stands for New General Catalogue of Nebulae and Clusters of Stars which 
was published by John Dreyer in 1888.  For each galaxy shown there are sample images 
of its spectrum showing absorption and emission lines.  Select the spectra for the galaxies 
listed in the table below, and determine the wavelengths of the K and H lines of calcium 
for each one. 
 To determine the speed at which each object appears to be moving away from us, 
we use the Doppler shift formula, 
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where  is the measured value and 0 is the laboratory value.  For each galaxy in the 
table, compute the speed obtained for the shift of the K line and the speed obtained for 
the shift of the H line.  Then compute the average speed.  Record your answers in the 
table below.  The laboratory value for the K line is 3934 Angstroms, and the laboratory 
value for the H line is 3969 Angstroms. 
 

Galaxy λK (Å) λH (Å) vK (km/s) vH (km/s) vavg (km/s) 

NGC1832       

NGC2775       

NGC2903       

NGC3627       

NGC5548       

NGC6181       

 
 

 
 
 We know that most galaxies with the same classifications as those you have 
examined have luminosities of about L = 2.51010 LSun.  If we make the assumption that 
all galaxies of these types have this luminosity then we can estimate the distance to each 
galaxy using the formula: 
 

L = 4bd2
 . 

 
This formula can be rearranged to solve for the distance, namely, 

.
4

L
d

b
  

 
Use this formula to fill in the distances in the table above.   
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Galaxy b (LSun/Mly2) L (LSun) d (Mly) v/d 

NGC1832 1.93105 2.51010    

NGC2775 5.83105 2.51010    

NGC2903 1.61106 2.51010    

NGC3627 1.76106 2.51010    

NGC5548 5.83104 2.51010    

NGC6181 1.11105 2.51010    

 
 

 It is straightforward to calculate the value v/d for each of the galaxies.  Note that 
we expect errors since all such galaxies will not have exactly the same luminosity, our 
measurements of the wavelengths of the spectral lines are not perfect, and the galaxies 
have some motion that is not related to the expansion of the universe.  But if we average 
the results then the errors due to these effects should partially cancel since they are 
random.  Take an average of your six values for Hubble constant H0 and write it below.  
What are the units of this value? 
 
 

H0 = ______________________     _____________ 
 
 

Given that 1 Mly = 9.4611018 km, write the Hubble constant in units of 1/s. 
 

H0 = ______________________ /s 

 
Your TA will show you how Hubble’s constant can be used to find a rough estimate of 
the age of the universe.     Compute this estimate using the average value which you have 
found.   

0

1

H
 ___________________________ s = ______________________ years 
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Note that 1/H0 would give the actual age of the universe if Hubble’s constant was really a 
constant.  However, the big bang theory predicts that the value of Hubble’s constant 
varies in time so we just get a ballpark figure for the age. 
 
Finally to get an estimate of how large the errors are, plot your data by graphing the velocity 

of the galaxy along the y-axis, and the distance along the x-axis.  According to 
Hubble’s Law, these points should all lie approximately on a straight line passing 
through the origin.  Draw the line v = H0 d using your average value of Hubble’s 
constant.   
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    

 
 
 

 Suppose an astronomer detects a previously unobserved galaxy that is moving 
away from us at 10,000 km/s.  Use your value of Hubble’s constant to determine how far 
away the galaxy is in Mly. 
 

 d = ________________ 
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