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In this Project we have experimentally determined the density of our natural satellite: 

the Moon. We have done it by designing an experiment and using the formulas and 

basic procedures we had been taught in class. 

Our aim was to find out some of its main physical aspects, such as the following ones: 

- Radius, with the help of a camera obscura. 

- Acceleration of gravity, from the cinematic analysis of a video clip about the 

jump of an astronaut on the Apollo XV mission to the moon. 

- Mass and density, by means of different calculations with the obtained results of 

radius and gravity. 

Finally, all the desired results were achieved with the exception of some minor errors. 

 

 

 

 

 

In the procedure of this experimental project we have used as a guide the research done 

by Laura Latorre
[1]

 dated in 2009, which included the obtaining of different data related 

to the Sun, the Moon and the Earth.  

  

1. INTRODUCTION 

2. BACKGROUND 
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3.1 Objectives 

1. To experimentally determine the radius, the acceleration of gravity, mass and 

density of the Moon, using simple methods, available to everyone. 

2. To compare the results obtained with the actual ones, and make an estimation of 

the errors in the different determinations.  

 

 

3.2 Hypothesis 

We believe that with our experiment design, we will be able to obtain, approximate data 

about the real value of the diameter, mass and density of the Moon. Even so, we are 

conscious about the insignificant or considerable error that can be made. 

 

 

 

 

 

4.1 Experiment 1: Experimental estimation of the moon ratio 

By calculating the diameter of the Moon, we will be able to obtain its ratio. This 

experiment has to be done in a full Moon night with the help of a camera obscura.  

(Picture 1). 

 
Picture 1: Proyection of a picture of the Moon over the screen of a dark chamber. 

3. OBJECTIVES AND HYPHOTHESIS 

4. EXPERIMENTS: MATERIALS AND METHODS 
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If we focus the camera obscura towards the Moon we will get its projection over its 

screen. With the help of a vernier caliper we can measure the diameter of the picture of 

the Moon. (D1).  

We will now measure the distance 

between the hole which allows the 

light in and the screen (L2).  

Measurements were taken on the 

5th of March, 2015 at our High 

school playground between 19:30 

21:30. That day, the distance 

between the Earth and the Moon 

(L1), was 404,128 km (Picture 2). 

This datum was obtained with the 

help of the open software 

“Stellarium”
[2]

. 

 

Applying the Thales’ theorem (or intercept theorem) we can determine the diameter of 

the Moon (D1). 

  

  
 

  

  
 

 

The results obtained have been: 

Measure L2 (mm) D2 (mm)    
     

  
      

1 
 

290 

2.8 3901.931 

2 2.25 3135.480 

3 2.45 3414.190 

4 
 

300 

2.4 3233.029 

5 2.55 3435.093 

6 2.8 3771.867 

7 
 

400 

3.5 3536.125 

8 3.15 3182.512 

9 3.35 3384.577 

 

 

Picture 2: Distance from the Earth to the Moon on 

March 5
th
, 2015 
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Whereby we will obtain the following arithmetic media: 

    
 

 
    

   

   

              

 

Next, we will have to calculate the average absolute deviation (  ): 
 

 

 

 

 

 

 

 

 

 

 

 

The result will be:                        =                 

Given that the actual value of the Moon diameter is 3 474 km (     ), we will be able to 

calculate the relative error: 

 

   
         

     
     

             

    
           

 

The ratio of the Moon would be half its diameter: 

 

  
        

 
                  

       
      458.064 

       
      308.387 

       
      29.677 

       
      210.838 

       
      8.774 

       
      328 

       
      92.258 

       
      261.355 

       
      59.29 
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4.2 Experiment 2: Experimental determination of the acceleration of gravity 

over the Moon surface. 

From the analysis of the photograms of the “MONDSPR.avi”
 [3] 

videoclip 

corresponding to the vertical jump of an astronaut in the Apollo XV mission on the 

moon, we proceed to a cinematic study of his movement using the “Tracker” 
[4]

 

computer program.  

In order to fulfill this task successfully we need: 

- A computer with the adequate software 

- The free software “Tracker” to analyze the video clip. 

- The video file “MONDSPR.avi”, in which we can see the astronaut jumping. 

 4.2.1 Procedure 

1. Start the program “Tracker” in our PC 

 
 

2. In the upper left margin click on “File” and choose the option “Open…” from the 

several options you will see.  
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3. Next, another label will let you open the video file you wish, in this case, 

“MONDSPR.avi”. Just click over “Open”. 

 

 
 
 

4. Once the video is open, the bottom part of the screen will show the following arrows 

. Press the one to the right (step forward). If you move this arrow forward, all 

the pictures of the video will move forward as well. Thus, if you reach picture 10 -

which you can find at the left margin- will show you the moment in which the astronaut 

starts rising over the surface. 

 

 

 
 

5. In the upper part of the toolbar choose You will see some pink coodinates. 

To make things easy, situate dot (o,o) on the left set square of the astronaut back pack 

This way we will determine the referende system which will be used throughout the 

experiment.. 
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6. Near the previously selected tool we will find one called “calibration tool ”. 

When clicking on it we will see another label named “new”, which opens a new menu. 

From here, select the option “Calibration rod”. You will immediately see a blue straight 

line in the middle of the screen. 

 

 
 
 
 

7. This straight line has to be moved from its extremes so that it reaches the highest 

point of the astronaut and the lowest as well. Next, it has to be typed 200.0 in the length 

inset.  

 
 

 

8. Next, click over the icon “Create”, which you can find in the toolbar. In the next 

menu you will see, choose the option “punctual mass”. A blank diagram will open then. 
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9. Go through the same procedure as in step 4, given that after the last order the video 

has gone back to picture 1 again. 
 
 
 

10. Now, press “shift”, and click on the highest point of the astronaut backpack. 

Pictures will keep on; so, use the same procedure in each one of them. 
 

 
 
 

11. Click on “Diagrams”, on the chart at the upper right side. Choose number 2 in the 

new menu you will see. In this way, two graphs will appear. Double click on the second 

one (graph y-t). 

 

 

 

 

 

 

 
 

 
12. On the upper left side of the new graphic, click on “Analyze” and then on 

“Adjustments” 
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13. Another toolbar will be seen on the lower side of the screen. Change the option 

“fitting name” to “Parabola” 

 

 

 
 

 

14. This way, the equation of the movement related to the jump of the astronaut will be 

obtained. 
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The resulting equation is:  

                        

Comparing this expression with the equation of movement related to free fall: 

  
   

 
       

[5] 

The acceleration of gravity on the Moon surface can be determined:  

       
 

 
 

             

                

              

The relative error is: 

 

   
  

          
     

      

    
           

 

4.3 Experiment 3. Experimental estimation of the Moon’s mass 

Once the gravitational field (g) and radius (R) of the moon are determined, its mass (M) 

can also be calculated from the expression: 

  
   

  
    

    

 
 

 

  
    

 
 

               

 
            

 

Knowing that the real value of the Moon’s mass equates               we can 

calculate the relative error: 

   
        

   
     

                     

          
            

 

The relative error made in the determination is 0.69%. 
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4.4 Experiment 4. Experimental estimation of the Moon’s density 

Knowing the mass (M) and the radius (R) of the Moon we can also estimate its volume 

(V), assuming that it is spherical, and its density (d). 

  
 

 
 

 

    

 

 
        

             

 

              

Considering that the real estimate of the moon’s density is 3 342 kg/m
3
, the relative 

error made is the following one: 

   
        

   
     

              

    
           

The relative error made is approximately 1.8%. 

 

 

 

From the analysis and discussion of the results obtained we can state that: 

1. It is possible to make an estimation of the ratio of the Moon, its gravitational 

field, its mass and density by using simple procedures available to everyone. 

2. The value of the Moon ratio is:                  

3. The acceleration of gravity on the Moon surface is:              

4. The mass of the moon is:            

5. The average density of the Moon is:              

Thanks to all the technological facilities we can count on nowadays, it is possible to 

experiment on our own, as we have just done, getting to very interesting conclusions. 

 

 
 

 

 

 

 

5. RESULTS AND CONCLUSIONS 
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