Physics 50 Workshop



Chapter 7: Conservation of energy

This week, as always, builds upon all of the previous chapters. Last week, we learned about work and energy; this week, we’re doing more about energy. Specifically, we are learning about one of the most important concepts in all of physics: the law of conservation of energy.  This law states that energy cannot be created or destroyed, it can only be converted from one form into another. There is only one equation you need:

The total energy at one instant in time = the total energy at any other instant in time. Usually these two times are final and initial, but the law applies to any two times. That might not look like an equation, so what you have to do is (1) identify all the different kinds of energy you might have:

· Kinetic energy (½ mv2)

· Gravitational potential energy (U=mgh)

· Elastic potential energy (springs: F = kx, U = ½ kx2)

· Work done by other forces, such as friction. Remember that friction takes energy away from however much you had initially. 

And then (2) set up your equation for the conservation of energy.

1. A spring and inclined plane are set up as shown below. The spring is compressed 30.0 cm from its equilibrium position. At this point, it is 1.50 m from the bottom of the plane. The plane is at an angle of 30 degrees from horizontal. The mass is 0.500 kg. The coefficient of friction is 0.35.
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a) After the mass M is released, what is the speed of the mass when it reaches the bottom of the plane? 

b) What is the speed of the mass when it reaches the point 4.00 m up the inclined plane? (Hint: it’s not zero!)

c) What is the total work done by friction? 

2. A car with mass 987 kg is traveling on a horizontal stretch of road when suddenly it slams on the brakes, locking up the wheels. The car slides to a stop due to friction between the tires and the pavement. The coefficient of friction is 0.301. How much mechanical energy is lost to heat (friction) in the process? 

3. Tarzan swings on a vine from his tree house to Jane’s tree house, which is 10.0 m away horizontally and 4.00 m lower, vertically, from where he stepped off. If his initial speed was zero, how fast is he going when he gets to Jane’s house?

4. A 3.00-kg model rocket is launched vertically with sufficient initial speed to reach a height of 100.0 m. Drag due to air resistance costs the rocket 800.0 J of work. How high would the rocket have gone, if there had been no air resistance? 

5. A package is dropped on a horizontal conveyor belt. The mass of the package is m, the speed of the conveyor belt is v, and the coefficient of friction between the package and belt is . When the package hits the belt, it slips a little bit before coming to rest with respect to the belt. 

a) How long does it take the package to stop slipping on the belt? Leave your answer in terms of the variables given (and g). 

b) what is the package’s displacement during this time? 

c) how much work is done by friction? Is it positive or negative? 

d) what is the total work done on the package by this system? 

6. You throw a 0.052-kg ball with a speed of 10.0 m/s at an angle of  30.0 degrees with respect to horizontal, off a building that is 12.0 m high. 

a) What is the kinetic energy of the ball when it hits the ground? 

b) What is its speed just before it hits the ground?
Answers to this week’s problem set:

1.   (a)   v = 8.9 m/s 

      (b)   4.1 m/s

       (c)   -8.5 J

2.    4.12 x 105  J
3.   v = 8.85 m/s

4. initial velocity is  49.93 m/s, without air resistance, the rocket would have gone 127 m high. 

5.   (a)   t = v / (g)

      (b)   x = ½ v2 / (g)

    (c)  ½ m v2
    (d)   - ½ m v2
6.    (a)  8.7 J,   (b) v = 18.3 m/s. 

