CT5-5. Consider the following two situations:

Situation I: A car on Earth rides over the top of a round hill, with radius of curvature = 100 m,  at constant speed v = 35 mph.

Situation II: A monorail car in intergalactic space (no gravity) moves along a round monorail, with radius of curvature = 100 m,  at constant speed v = 35 mph.

Which car experiences larger acceleration?

Yellow: Earth car

Green: Space car

Pink: Both cars have the same acceleration.
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Answer: Both cars have the same acceleration.

Acceleration is defined by the equation
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.  Both the Earthcar and the Spacecar have their velocities changing in exactly the same way, so they have the same acceleration.  The presence or absence of gravity is irrelevant.

Another way to argue is: Both objects are moving on a circle of the same radius R at the same speed v.  The magnitude of the acceleration is a = v2/R.

CT5-6. An object is moving along a circular path and is slowing down, as [image: image11.wmf]Yellow
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shown.  When at point x, the object's acceleration vector is best represented by which arrow?

Answer: the acceleration vector points to the lower left because that is the direction of the "change in velocity vector" 
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.  In this case, the vector 
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 has both a radial and a tangential component.  The radial component is 
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.  The tangential component is 
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CT5-7. Consider a person standing in an elevator that is moving upward at constant speed.  The magnitude of the upward normal force, N, exerted by the elevator floor on the person's feet is 

Blue: larger than

Pink: the same as 

Yellow: smaller than

the magnitude of the downward weight, W, of the person.
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Answer: N=mg.  Since velocity=constant, then acceleration a=0 and Fnet=0.  When the elevator first starting moving from rest, it was accelerating upward (briefly) and while it was accelerating upward, it was true that N>mg.  But once the velocity becomes constant, then N=mg.

Until Newton's work in the 1660's, everyone in the world agreed with Aristotle that "If the man is moving upward, there must be a net force on him, pushing him upward."  This popular view, still believed by most of population of Earth, is wrong.
CT5-8. In the 1600's, Otto Van Güricke, a physicist in Magdeburg, fitted two hollow bronze hemispheres together and removed the air from the resulting sphere with a pump. Two eight-horse teams could not pull the spheres apart, even though the hemispheres fell apart when air was re-admitted. Suppose von Güricke had tied both teams of horses to one side and bolted the other side to a heavy tree trunk. In this case the tension in the rope would be...

Blue: twice 

Green: exactly the same as 

Yellow: half what it was before.
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Answer: The tension in the rope is twice what is was before.

Situation I (8-horse teams on either side):
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Situation II (both 8-horse teams on same side):
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Note that situation I is the same as if one side was tied to a tree trunk and the other side to a single 8-horse team.  After all, the horses on the right have no idea whether they are pulling against another team or a tree trunk.

CT5-9.  Skinny and Fatty are having a tug-of-war.  So far, no one is winning.  
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Q1: What is the direction of the force of friction on Skinny's feet 
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 Pink: Right
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Green: Left
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Answer: Left.  A free-body diagram showing the forces on Skinny looks like.  Since Skinny is not moving, the force to the right (rope tension T) must be balanced by another force (the friction force to the left.)

Q2: How large is the force of friction on Skinny's feet FS compared to the force of friction 
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Blue: FS > FF

Yellow: FS = FF

Purple: FS < FF
Answer to Q2:  The free-body diagrams for Skinny and Fatty:
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[image: image10.wmf]
By Newton's third law, FR on S = FR on F.   (size of force on Skinny due to Fatty) = (size of force on Fatty due to Skinny).  The rope is the mediator of the forces.

We can say that FS = FR on S, because we know that Skinny's acceleration is zero and so the net force on Skinny must be zero.  We CANNOT say that FS = FR on S is due to Newton's third law.  NIII does not apply to forces acting on the same object.  
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