Physics 50 Workshop

Chapter 6: Work and Energy

This week’s topic builds on last week’s main concept: forces.  As before, you should always identify the object upon which the other objects are exerting forces. There are a few new concepts in this chapter: 

1. Work is the energy added to an object due to forces acting upon it. Those forces are being exerted by other objects.  The new equation here is [image: image1.emf]
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, where W is the work done by force F (the force that object A exerts on B), which moves object B through a displacement s. The dot product means that the direction matters!! The angle here is the angle between vectors F and s. Work is no longer simply force x distance. 
2. If you’re having problems with your +/- signs, keep in mind that [image: image2.emf]
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 will always give you the right sign.

3. the work-energy theorem: the total work done by all forces equal the change in kinetic energy of the object. You definitely should know this one, because it can often make solving a problem REALLY easy. 
4. The work done by (or on) a spring is [image: image3.emf]
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 and the force is F = kx. 

Problems:

1. A bullet moving at a speed of 153 m/s passes through a plank of wood. After passing through the plank, it has slowed to a speed of 130 m/s. Another bullet (with the same mass as the first one) passes through an identical plank, with an initial speed of 92 m/s. What is the second bullet’s speed after passing through the plank? You may assume that the force that the plank exerts on a bullet is not dependent on the speed of the bullet. 

2. A spring with a spring constant of 238.5 N/m is oriented horizontally. There is negligible friction in this system and also you may ignore the mass of the spring.  The spring is compressed by 0.231 m, and loaded with a steel ball bearing, whose mass is 0.0413 kg. What is the speed of the ball bearing after the spring is released? (You may assume that the ball bearing is released from the spring when the spring extends to its equilibrium position (0 compression). 

3. A sled with mass m is given a shove up a frictionless inclined plane that makes an angle of 28 degrees with respect to horizontal. Eventually the sled comes to a stop at a vertical distance of 1.35 mabove where it started. Find its initial speed. 

4. A flatbed truck is loaded with a big sack of cement whose mass is 1143.5 kg. The coefficient of static friction between the sack and the bed of the truck is 0.372, the coefficient of kinetic friction is 0.257. The sack is not tied down; it relies on friction to not slide off the truck as the truck starts to drive away. The truck accelerates uniformly from rest up to 56.6 miles per hour, in 22.9 seconds. The sack is 1.0 m from the end of the truck bed. 

(HINT: Draw a free-body diagram for the sack. There should be only three forces: normal, weight and friction. Friction is the only force causing the sack to move in the same direction as the truck, otherwise the truck would drive out from under the sack.)

a. Does the stack slide off the truck? 

b. What is the work done by friction on the sack? 

5. A 125-kg cart is subject to the forces as shown in this diagram. The cart moves 100.0 meters horizontally. Find the final velocity of the cart, assuming acceleration is constant. Give your answer to 3 significant figures. 


6. A man is helping a small boy get moving on a swing. The boy’s mass is 21.0 kg. The swing is attached to the swingset by a rope with length of 2.50 m. To start the motion, the man pulls the boy up and backward, and releases him from rest. At the lowest part of the swing, the boy’s speed is 3.00 m/s. What is the angle from which the boy was released? 
7. A small glider is placed against a compressed spring at the bottom of an air track that slopes upward at an angle of 40.0o above the horizontal. The glider has mass 9.00×10−2 kg. The spring has 640 N/m and negligible mass. When the spring is released, the glider travels a maximum distance of 1.80 m along the air track before sliding back down. Before reaching this maximum distance, the glider loses contact with the spring.
a) What distance was the spring originally compressed? B) When the glider has traveled along the air track 0.800 m from its initial position against the compressed spring, is it still in contact with the spring? C) What is the kinetic energy of the glider at this point? 
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1.   44.2 m/s

2.    17.6  m/s

3.      5.14 m/s

4. a)  no the stack does not slide off,   b) work done by friction is -368,000 J

5.   24 m/s

6.   height = 0.459 m, so the angle = 35 degrees

7.     a)  0.0565 m.      b) no       c)    0.57 J
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