Universal Gravitation: A Model

Integrated Science (H)

Newton claimed that the effects of gravity were not limited to objects falling to Earth (the apple!), but that gravity as a force exists between any and every two bodies in the universe. His Law of Universal Gravitation asserts that gravitational force is dependent upon two factors: the mass of the two bodies, and the distance between them.  If either masses, or the distance between them changes, the gravitational force changes as well, in a very predictable way. The role of mass in determining gravitational force is apparent when we compare the surface gravity of the earth with the other solid planets. The role of distance is apparent when we consider the variable speeds of planets in elliptical orbits. 

As it turns out, Newton’s Law effectively describes not only gravity but other ‘forces’ as well, such as light, sound, and radiation. In this lab, you will explore the effect of distance on both the spread of light, and light concentration per unit area, as a model for the effect of distance on gravitational force. 

Follow–Up   
1.   A graffiti artist is anxious to ‘decorate’ a new sound wall on the 101 but to do so safely   

     (relatively speaking!) they have to stand in the median 15 feet from the wall. Describe the  

     impact of their position on their art product. 

2.  Draw an elliptical orbit that has a major axis of 10 m, and foci 4m apart. (Draw a number line   

     for a quick model.) Assume the mass of a moon on the orbit is 10Kg, and the planets mass is   

     twice that. Compare the relative force between these two bodies when the moon is at perigee    

    and at apogee. Show your work (ignore units); explain the results. 
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3.  What is the actual gravitational force, in Newtons, between a high school couple, each a 70kg 
      mass, standing an arms length (1m) apart? Here, factor in the gravitational constant, 
      G, with a value of 6.67 x 10 –11. Cancel units to find force in Newtons.  
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4. From your calculation, would you describe gravity as a strong force or a weak force? Cite also as evidence the effect of using a small magnet to pick up a paper clip from the table. 

5. Despite this we remain firmly rooted here on the planet – why?   

5. The mathematical relationship between the variables follows the inverse square rule, where   
 
    amount of light = 1/distance2.    How does the formula explain the number of squares lit, and  

    the brightness per square? Give an example from your data. 
Teacher notes

Universal Gravitation

Newton’s law of Universal Gravitation is dependent upon two factors: the mass of the bodies and the distance between them.  If either mass or distance changes, so will the gravitational force, in predictable amounts. The effect of distance on the spread and intensity of a light is an effective model for demonstrating the relationship between distance and force.  

The relationship between the variables is: 
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where f is the light, d2 is the number of illuminated squares, and 1/d2 is the intensity of light per square. 

