Physics II

Potato Gun Problems

The picture below shows an idealized potato cannon.  When the firing valve is opened, air will flow into the barrel from the pressure chamber.  The pressure chamber is so large that the pressure drop from this expansion is negligible.  The pressure gauge mounted on the chamber accurately reads “25psi.”
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1.
If the pressure gauge reads “25psi,” what is the actual pressure inside the pressure chamber?

2.
What is the gauge pressure in pascals (pa)?

3.
Upon firing, what area of the potato is exposed to the chamber pressure?

4.
What force is applied to the potato as it begins to exit the barrel?

5.
Assuming that this pressure (from previous question) is applied to the potato on its entire trip down the barrel, how much work is done on the potato as it exits the barrel?

6.
If we assume 100% efficiency, how much kinetic energy will the potato have as it exits the barrel?

7.
What velocity will the potato have when it leaves the barrel?

8.
List some reasons why, in reality, the potato’s muzzle velocity will not be nearly as high as the velocity you just calculated.  

Physics II

More Potato Gun Practice

A potato is launched from one of the class potato guns.  The barrel length is 3.05m, the barrel has an inner radius of 0.0075m, and the potato “bullet” has a mass of 0.005kg.  The pressure chamber is filled with 3Liters (0.003m3) of air at air a gauge pressure of 44psi. [The data used in these questions were collected in class last year.]
1.
What is the gauge pressure in pascals (pa)?

2.
What force is applied to the potato as it begins to move?

3.
Assuming that this pressure (from previous question) is applied to the potato on its entire trip down the barrel, how much work is done on the potato on its trip through the barrel?

4.
Assuming the amount of work from the previous question, and 100% efficiency, what velocity should the potato have as it leaves the barrel? Answer in m/s and mph.

5.
Suppose the potato leaves the barrel and immediately passes through photogates that are 0.1m apart.  It passes between the photogates over a time of 0.0006 seconds.  What is the potato’s actual muzzle velocity? Answer in m/s and mph.

6.
Using the data above, what is the efficiency of the potato launch?

7.
What source of uncertainty represents the most serious obstacle to predicting the velocity of a potato for any given launch?
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