Physics I [Physics 161]

Laboratory Activity 5: Projectile Motion: Theory vs. Experiment

In this activity, you will use a half-pipe to launch a steel ball at a non-zero angle, as depicted below.
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The goal of the activity is quite simple: determine the angle θ that maximizes d for a given L and h. 


Part I: Measurements and Predictions.

Measure the parameters L and h for your experimental set-up. As always, be sure to include uncertainties as you do this.

L = _________________ ± _______________________

h = _________________ ± _______________________
For your set-up, what value of θ do you think will maximize the range d? Don’t perform any calculations here – simply make an educated guess.
Part II: Theory.
(1) If the ball was simply sliding down a frictionless incline, we could use our 1D kinematical equations along with Newton’s Law to find that the speed of the ball as it leaves the half-pipe is 
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. The ball of course is not sliding, however, and as you found in a previous Laboratory Activity, has a diminished acceleration due to its rotation.

(2) This diminished acceleration for the ball causes it to leave the half-pipe at a speed less than 
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. We are not quite ready to perform this calculation yet, but the result of the ball’s rotation is to reduce its speed at the bottom of the incline to 
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. For the rest of the activity, you may take this as given.

(3) Use the two-dimensional kinematical equations to derive an expression for d as a function of θ, L, and h:   d(θ,L,h). As you do this, leave everything in terms of variables!

(4) Now determine the angle that maximizes d. If you feel strong, you can use a little calculus to do this. If this gives you trouble, however, realize that you can always plot the function using Excel (or another graphing program of your choice) to determine its maximum. If you choose to plot it, you will obviously need to use actual L and h values. Attach any plots that you make to this sheet before turning it in.

Theoretical Optimal Angle ____________________________

Range at theoretical optimal angle _______________________

Part III: Experiment.
(1) Using the same h and L values from Part I, experimentally determine the angle θ that maximizes your ball’s range. You need to take sufficient data to determine your optimal angle within one degree. This will obviously require more finely spaced measurements near the maximum than it does far from it. Make sure that you discuss your measurement uncertainties and demonstrate that your optimal angle is accurate within one degree.

Optimal Angle _________________ ± ___________________

Range at optimal angle ____________ ± __________________

Part IV: Analysis.
Compare your experimental result with both your “educated guess” prediction and your theoretical optical angle.

Does your experimental result agree with either of these within your uncertainties?

Does the maximum range agree with your theoretical prediction?
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