Momentum and Energy

A. Consider the following problem: A ball of mass m rolls down a curved track onto a horizontal surface as shown in the figure. Assume the ball is originally at height h above the horizontal surface.

[image: image1.bmp]1) Is the acceleration of the ball along the track constant? If not, does the acceleration decrease or increase as the ball rolls down the track? Would it be possible given the formulas we have discussed in class to determine the ball’s speed at the bottom of the track, if not, why not?
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2) On the figure above make a small sketch of the energy bar chart corresponding to point a. Relative to the flat surface, what is the ball’s potential energy when it is at the top of the curved track? When it is at rest at the top of the ramp what is the ball’s kinetic energy and total energy E? 

PE = 

KE = 

E = 

3) On the figure make a sketch of the energy bar chart corresponding to point b. When the ball reaches the flat surface what is its potential energy, total energy and kinetic energy? What is the work done by gravity on the ball as it rolls down the track? 

PE = 

KE = 

E = 

Wgrav = 

4) From the result of part (2) what is the ball’s speed along the horizontal track? Does the speed depend on the ball’s mass? How does this speed compare with a ball dropped vertically from a height h? 

v = 

B. Suppose the ramp is placed at the edge of your desk and the ball is rolled down the ramp as shown in the figure. 

1) Given the height h of the ball on the ramp and the distance H of the ramp’s edge above the floor (these should both be measured) predict at what distance the ball will land from the edge of the table. Show most of your work below. If there’s not enough room outline the steps needed for the analysis. 




Prediction:

2) Perform several (two or three) trials to test your prediction. How does your prediction compare with your observations? (What is the percentage difference between your prediction and observation?). 

Observation: 

Percentage error: 

3) Your observation might have fell somewhat short of your prediction. As it turns out the ball also has spinning kinetic energy Ks = 0.2mv2.  Make a revised energy bar chart for the flat section of track that separately includes this additional type of kinetic energy. How does this affect your prediction for the speed of the ball as it leaves the track? How does this different revised speed affect your prediction on the distance the ball travels? 

Hint: Taking spin into account you should find that the total kinetic energy (spin and translation) is K = (7/10)mv2 rather than (1/2)mv2.
C. Consider a collision between two balls, one of mass m1 rolling down the track with another stationary ball of mass m2 at the track’s edge as shown in the figure. Assume the stationary ball is less massive than the rolling ball (use the marble for the stationary ball). 


1) Using the scale at the front of the room determine the mass of each of the balls.

m1 = 

m2 = 

2) From your results of part B. what is the momentum of each ball just before the collision? Make a prediction for what value the total momentum has just before the collision.

P1 = 
P2 = 

Ptotal = 



(predicted) 

3) By releasing the more massive ball from the top of the track let the balls collide and record the respective distances they land from the edge of the table. Working backward from what you did in part B1 determine the speeds the balls had just after the collision took place.

D1 = 

D2 = 

v1 = 

v2 = 

4) Using your results of part (3) for the ball speeds compute the momentum of each ball and the total momentum of the system just after the collision. How does this experimental value of the total momentum compare with your prediction of part (2)?

P1 = 

P2 =

Ptotal =




(observed)

Percent error: 

D. Consider a toy gun that shoots a projectile straight up into the air as shown in the figure. Suppose the projectile rises a height H.  Express your answers to the following in terms of the ball mass

m, height H, and acceleration of gravity g. Take the zero of gravitational potential energy at the

point where the ball leaves the gun. 

1. When the ball reaches its maximum height what are its potential, kinetic, and total 

energies? 

2. When the ball just leaves the gun what is its potential energy? Explain how conservation of energy can be used to determine the ball’s kinetic energy when it just leaves the gun. Use this result to determine the velocity of the ball when it just leaves the gun. 

3. Measure the height the ball attains and use this to determine the actual velocity of the ball when it just leaves the gun. 

H =




V0 = 

E. There are other ways to measure the velocity of projectiles leaving guns. Consider firing the projectile of mass m into a pendulum bob of mass M. After impact the combination subsequently rises a height h as shown in the figure.

1. An elastic collision is one in which the total kinetic energy of the colliding bodies is conserved during the collision. Generally this only occurs when the colliding bodies are not deformed by the collision. Any sticking in a collision will render it inelastic. 

 Taking the above into consideration is the collision shown in the figure elastic? What can be said about the momentum and kinetic energy of the system just before and just after the collision? 

2. Using the result of (1) determine a relationship between the initial speed v0 of the projectile and the speed V of the combination just after impact. 

3. Assuming energy is conserved after the collision, explain how energy conservation can be used to determine the subsequent height the system rises after the collision. 

4. Now shoot the projectile into the bob and use your above results to determine its speed just before it entered the bob. How does this speed compare with that which you found in part D3? Which of the two methods would be more appropriate for the measurement of fast moving projectiles?  

h





v





H





h





v0





H





a





b





1





2








