
Homework 7 (AST1002)

 

Distance to the Center of the Milky Way  

Adapted from Learning Astronomy by Doing Astronomy by Ana Larson by the UW 

Clearinghouse Astronomy project (Stacy Palen and Oliver Fraser)  

Summary  
In this exercise, you will use the locations of globular clusters in the halo to estimate the distance 

of the Sun from the center of the Milky Way.  

Background and Theory  
In the not-too-distant past, astronomers though that the Sun was at the center of our galaxy, the 

Milky Way. Observations and determinations of distances were hampered by the lack of 

knowledge of interstellar dust, which blocks much of the starlight from distant parts of the galaxy 

(including the galactic center). It was not until the distances to globular clusters were determined 

using the RR Lyrae stars that a more accurate picture of the size and shape of our galaxy was 

constructed. By determining the distribution of the globular clusters, Harlow Shapley was able to 

determine the diameter of the galaxy, and the distance to the galactic center.  

Procedure  
1. Using the polar graph, plot the galactic longitude versus distance for the globular clusters. 

The Sun is at the center of this polar graph. Note that the distance given is not the actual 

distance, since we have projected a 3-dimensional space onto a 2-dimensional piece of 

paper. The actual distances are greater than those given here.  

2. Describe the two dimensional space distribution of the globular clusters.  

3. Estimate the center of the distribution of globular clusters, and mark it on the graph. 

Describe how you defined the center of the distribution.  

4. Determine the distance from the Sun to the center of the distribution.  

5. Determine the direction to the center of the distribution. This is the direction to the center 

of the galaxy.  

6. In which constellation does the center of the galaxy lie?  

7. At what time of year is this constellation most conspicuous? Hint: look it up!  

8. Why is the Milky Way Galaxy more spectacular in the summer than in the winter? 

(ignore weather conditions!)  

9. How do we know the Sun is not at the center of this distribution?  

10. During their long orbit around the center of the Milky Way Galaxy, each globular cluster 

will cross through the plane of the disk. Why do we find most globular clusters far out in 

the halo? (Hint: Do Kepler's laws apply to globular clusters?)  

 

  



 

 

 

  

NGC # 
Gal.  

Long.  

Projected  

Distance  

(kpc)  

  NGC # 
Gal.  

Long.  

Projected  

Distance  

(kpc)  

  NGC # 
Gal.  

Long.  

Projected  

Distance  

(kpc)  

  NGC # 
Gal.  

Long.  

Projected  

Distance  

(kpc)  

104  306  3.5     6273  357  7    288  147  0.3     6284  358  16.1  

362  302  6.6     6287  0  16.6    1904  228  14.4     6293  357  9.7  

2808  283  8.9     6333  5  12.6    Pal 4  202  30.9     6341  68  6.5  

4147  251  4.2     6356  7  18.8    4590  299  11.2     6366  18  16.7  

5024  333  3.4     6397  339  2.8    5053  335  3.1     6402  21  14.1  

5139  309  5     6535  27  15.3    5272  42  2.2     6656  9  3  

5634  342  17.6     6712  27  5.7    5694  331  27.4     6717  13  14.4  

Pal 5  1  24.8     6723  0  7    5897  343  12.6     6752  337  4.8  

5904  4  5.5     6760  36  8.4    6093  353  11.9     6779  62  10.4  

6121  351  4.1     Pal 10  53  8.3    6541  349  3.9     6809  9  5.5  

O 1276  22  25     Pal 11  32  27.2    6626  7  4.8     6838  56  2.6  

6638  8  15.1     6864  20  31.5    6144  352  16.3     6934  52  17.3  

6171  3  15.7     6981  35  17.7    6205  59  4.8     7078  65  9.4  

6218  15  6.7     7089  54  9.9    6229  73  18.9     7099  27  9.1  

6235  359  18.9     Pal 12  31  25.4    6254  15  5.7     7492  53  15.8  

6266  353  11.6                      



 

  



Dark Matter  

 

I. Purpose 

Examine the evidence for Dark Matter in NGC 2742. 

 
II. Background 

Dark Matter is simply matter that does not interact with light. We can detect it 

using gravitational methods (Newton’s Laws), but not as light. Dark Matter 

neither absorbs nor radiates light. We have absolutely no idea what this stuff 

is. Many tax dollars are being spent on physics experiments that are trying to 

pin down some undiscovered particle that there could be a lot of. Many 

astronomers are trying all sorts of clever observing schemes (if you can think 

of any, let us know) to find observational evidence for this stuff. As yet, every 

experiment and observation has come up empty. 

 

The matter that you and I think about as being matter (atoms, protons, 

neutrons, buildings, whales, etc.) is sometimes referred to baryonic matter 

since it is made up of baryons (protons and neutrons). Baryonic matter also 

contains leptons (electrons), but electrons do not contribute much mass to the 

universe compared to the protons and neutrons. Many people believe that 

dark matter is non-baryonic. Physicists have a lot of fun coming up with new, 

imaginary particles to explain dark matter. 

 

We will compare how much matter stars contribute to the total mass of the 

galaxy NGC 2742. We will discover that the total mass of a galaxy can be found 

by measuring how fast the galaxy rotates around its center. We will compare 

that total mass to the amount of light that we observe coming from the galaxy. 

 

We want to see how much of the mass is the mass that is emitting light and 

how much is dark. 

 
II. Weighing the Galaxy 

Here is a graph of NGC 2742 (aka UGC 4779, galaxies get all sorts of names) 

that astronomers call a “rotation curve”. It plots the radial velocity (how fast 

stuff is moving in the line-of-sight direction, as shown in Figure 1) versus the 

radius. 



 

 

 
Figure 1: Radial Velocity 

 
 

 

 

Figure 2: Rotation Curve 

 

As you can see, one side of the galaxy is moving with a positive velocity 

(spinning away from us), while the other side has a negative velocity (spinning 

towards us). These data come from spectral lines that have been either 

blueshifted (stars moving towards us) or redshifted (stars moving away from 

us). Since the galaxy is tipped at an angle to us, the velocity that we detect is 

not the total velocity of objects orbiting around NGC 2742. Thus, a correction 

has been made in the above curve to take into account the inclination angle. 



Using Newton’s gravity equation, we will be able to determine the 

gravitational mass profile of the galaxy. 

 

 

 

Procedure 

A. Select 7 radii all of which are to one side or the other of 0 kpc and are 

evenly spaced to the edge of the galaxy. Record those radii in Table 1 on the 

worksheet at the end of this document. 

 

B. Determine the radial velocity at each of your radii. Record those values in 

Table 1. 

 

C. Use your values for Radius and Velocity to determine the mass of the galaxy. 

Newton’s equation for gravity says: 

,  

where G = 4.31 x 10-6 ,  

and “M” is the mass contained inside of radius “R”. 

Record your results in the “Gravitational Mass” column in Table 1. Your 

numbers should be big. This is a galaxy you're dealing with. It contains a lot of 

stars. 

 

III. How much light comes from NGC 2742? 

Now that we’ve found the total mass of the galaxy, we will investigate how 

much of that mass comes from luminous matter like stars and gas. 

 

Figure 3 is a graph of how many solar luminosities of light NGC 2742 produces 

inside of the area encompassed by some radius (where radius is the distance 

from the center of the galaxy measured in kpc). 



 

Figure 3: Amount of Light Emitted from Inside some Radius 

 

We add together all the luminosity from inside of a given radius to be 

consistent with the gravitational mass that we found before. The gravitational 

mass we calculated included all the mass inside of a spherical shell at some 

radius.  

One more note about the galaxy we selected: It is harder to figure out how 

much light is coming from a galaxy the more “edge-on” it is. If we are looking 

at the side of the galaxy, most of the light is blocked by dust. When we are 

looking at the galaxy “face-on” (you might think of this as from above), we see 

almost all the light that is coming out of a galaxy. Remember that the opposite 

is true for accurately determining the galaxy’s rotational velocity.  

 

D. At the radii that you have chosen, determine a value for the luminosity of 

the galaxy and record it in Table 1. (The “e”s in the solar luminosity values are 

like the “EE” button on your calculator, NOT the “ex” button.) 

 

Now that we've measured how much light is coming from NGC 2742, we can 



estimate the mass of the stuff that produced that light. We'd like to say that 

for every solar luminosity of light we measure we can assume that there's one 

solar mass of stars producing it. Unfortunately, light is blocked by dust in the 

galaxy we're observing, and there's a whole mix of heavy and light stars in this 

galaxy. Remember that luminosity is critically dependent on the mass of a star. 

A lot of the light we're seeing may be coming from a few young, hot bright 

stars that are only slightly more massive than the sun. Many cooler, low mass 

stars may be hidden from view by the glare of the bright stars. Thus, we need 

to find a compromise between the high and low mass stars. A good way of 

estimating the true mass of material producing the light we see is to assume 

that there are two solar masses of stars producing each solar luminosity of 

light. 

 

E. Calculate how much mass must be present in the galaxy based on how 

much light we see. For every solar luminosity, count 2 solar masses and record 

the number in the “Radiation Mass” column of Table 1. (In other words, 

multiply the total luminosity by 2.) You may want to write this as a factor of 

1010. 

 

F. Plot each of the masses (gravitational and “radiation”) versus radius on the 

plot provided. Remember to label your axes. 

 

G. Answer the questions on the worksheet. 

 



Name ____________________
Dark Matter
Worksheet

Table 1
E. Luminous 
Mass (solar 
masses)

D. Luminosity 
(solar lum.)

C. Gravitational 
Mass (solar 
masses)

B. Rotational 
Velocity (km/s)

A. Radius (kpc)

Important Equation

† 

M = v 2 ⋅ R
G ,  where G = 4.31 x 10-6 

† 

kpc km2

Mƒ s2

F.  Plot

Questions
1.  a) Determine the mass to light ratio for NGC 2742 at your largest radius by dividing your 
gravitational mass by your radiation mass.  

b)  Put the mass to light ratio another way:  What percentage of the total mass is luminous?

c) What percentage of the total mass cannot be accounted for in the light that we see (we 
call this the dark matter)?



2.  Figure 3 plots how much luminosity is produced inside of some radius.  It  does not 
decline at large radii even though the galaxy gives off less light out there.   Explain why.

3. We assumed that for every 1 solar luminosity that we see, there are 2 solar masses of 
matter.  
a)  How would our assumption for the amount of luminous matter change if NGC 2742 has 
more low mass stars than we thought, but remains just as luminous?  Remember that a 
star’s luminosity depends sensitively on its mass. 

b)  Following from part a, how would the mass to light ratio (total mass divided by luminous 
mass) change if NGC 2742 contains more low mass stars than we thought?
 

4.  These are 2 galaxies that we cannot use in our search for dark matter.

      
M101 The Pinwheel Galaxy M104 The Sombrero

Why not?

M101:

M104:

5.  Comment on the existence of Dark Matter.  Are  you convinced that it exists?


