Orbital Motion and Gravity Activity

Gravity is a curious thing. It can provide a pull without actually being in contact with something. Gravity produces “action at a distance” without any form of direct contact. Can you pull on something without actually coming into contact with it? Gravity can. Because of this, gravity can and does affect the motion of objects in space.

Many people think that there is no gravity in space. As evidence they cite the fact that astronauts in orbit are weightless. But does this really mean that the Earth’s gravity does not extend into space? If it does not, then what holds the moon in orbit? In this activity we will address the question of gravity’s role in maintaining order in the solar system.

1. Start this activity by examining the motion of a rolling ball. Note that the ball will roll in a straight line and continue in that straight line unless some sort of unbalanced outside force acts upon it. This is one way to state the first law of motion stated by Isaac Newton (1642-1727). As the ball rolls along, have someone tap it from the side providing a momentary force. Notice that the ball’s direction changes in the same direction and proportional to the force applied to it. This is Newton’s second law of motion. 
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The best way to understand orbital motion is to think of an orbiting object as a projectile launched into Earth orbit. Consider a cannonball launched horizontally from the top of a tall mountain – known as Newton’s Mountain as he was first to propose this analogy.

If the cannonball is shot slowly enough, it will fall back to earth. If shot a bit faster, it goes a bit farther before falling back to earth. If shot fast enough, the cannonball will literally fall around the Earth. As the cannonball moves horizontally, gravity pulls it down toward the earth. Because the Earth’s surface is curved, it falls away beneath the satellite as the same rate as the satellite falls toward the ground. 

Free fall, such as that experienced in orbit, is associated with weightlessness. The problem with trying to weigh oneself in Earth orbit is that the scale you want to use to weigh yourself is also falling right along with you. Hence, you will be weightless (though your mass does stay the same). The pull of gravity keeps the scale in orbit the same way it does astronauts and the moon. Yes, gravity does exist in space and in earth orbit it is nearly as strong as it is near the surface of the earth. Studies show that the gravitational constant near the surface of the Earth is 9.8 N/kg. In orbit the gravitational constant is only slightly smaller. Clearly gravity exists in space, and significantly so.

2. Discuss experiences students have had with near weightlessness when they have taken amusement park rides, flown in an airplane, or ridden in a fast-moving elevator as it reaches the top of its motion. 
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Slowly fly a whirligig made with string and a rubber stopper in a circle over your head. Only if you hold on to the string (e.g., providing a centripetal or center-directed force) will the stopper continue to move in a circular path. What happens when you let go of the string? So it would be with the moon and astronauts if Earth’s gravity didn’t extend into space.

4. Lastly, distinguish between centrifugal force and centripetal force as they relate to circular motion. Centrifugal force is a fictitious force; it doesn’t really exist. Belief that it exists results from a misunderstanding of centripetal force. Consider experiences in a car making a sharp left turn. A passenger in the front seat feels as though he or she is being thrown into the right door by centrifugal force. In reality, it is the door that is pushing to the left (a centripetal force) in an effort to change the passenger’s motion. Were it not for the leftward directed force, the passenger would continue moving straight while the car veers left. This is just like the rolling ball in the first example. 
