Physics II






Name: ________________________________
Boat Stuff Review 

1.
Illustrate one way in which Archimedes’ principle is helpful when you are designing a boat.

2.
The diagrams below show the cross-sections of two boats bearing gorillas.  The cross-sections are shown from a front perspective and are uniform along the boats’ lengths.  The boats are both tipping, and the amount of water displacement can be understood from the water line in the diagram.  The dots represent their respective boats’ center of mass.  For each boat…
a.  Tell whether the boat will “right itself” (tip back toward being level) in its current situation.

b. Use the diagram to show why the boat will or will not right itself.  Be sure to mention torque. 
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3.
The diagram below shows another similar cross-section boat diagram.  The dotted line represents a “vertical” center line.  If the boat is loaded evenly, its CM will be located along this line.  For this boat, in this particular tippy situation, approximately how high (along the dotted line) can the boat’s CM be located without the net torque tipping the boat further?  

a. Place a dot on the dotted line at your estimate of the highest maximum position for the CM.  

b. Explain how you determined that position.
c. Now suppose that the CM cannot be lowered below a height h, above the water line.  To prevent further tipping, the CM must be shifted to our left.  For a CM at height h, approximately how far to the left of the dotted line must the CM shift in order to prevent the boat from tipping further?  Place a dot in that location.

4.
A simple boat has two pontoons with rectangular cross-sections.  The boat is made of material that is so light that the boat’s mass can be ignored in this problem.  Each pontoon is 3m long, 0.2m wide, and tall enough to extend above the water line for this problem.  The distance between the pontoons (measured center-to-center) is 1.5m.  When a load is placed on the boat deck between the two pontoons, the bottom of the left pontoon sinks 0.15m below the water’s surface while the bottom of the right pontoon sinks only 0.11m below the water’s surface.  
a.  What is the mass of the load placed on the boat?

b. Where is the CM of that load? Give your answer in meters from the center of the left pontoon.  [Remember that the mass of the pontoon boat itself is negligible, so the net CM is the same as the CM of the load.]

5.
You are designing a box-shaped (four rectangular side panels, one rectangular bottom, no top) boat.  You want the boat to be three times as long as it is wide, and you want the boat to hold five 150 pound passengers.  When the passengers are on board, your boat must have precisely 0.1m of draft [“draft” describes how deep the bottom of the boat protrudes into the water.].  If your boat is made of a super-light material with negligible mass, how wide should it be?

6.
To compare the “hydrodynamics” of your boats, you have been asked to determine your boat’s CdA.  Why do we lump together CdA as a means of comparison, rather than separately determining both Cd and A, which have different meanings?
7.
When a certain boat is propelled by a falling 15g mass, the boat’s terminal velocity in a freshwater tank is 0.4m/s.  What is the boat’s CdA?  Use correct units in your answer.
8.
When a keel is added to the back of that boat (from the previous question), the boat becomes slightly heavier, but the boat’s terminal velocity is 0.5m/s.  How might adding a keel cause such an improvement?

9.
Consider the water tank apparatus that you used in the classroom to determine your boat’s CdA.  If either the tank had been too short or the falling weight had been too heavy, you would not have been able to determine your boat’s CdA.  Explain why.
10.
Consider two simple canoe-style boats.  If the widths, materials, and basic designs are identical, which would you expect to have a faster terminal velocity in the class test tank, a longer boat or a shorter boat?  Explain your reasoning.

11.
One boat’s CdA is not the same at all speeds.  For a typical speedboat, as the boat’s speed increases, how would you expect the boat’s CdA to change?  Explain your reasoning.
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