
  

AP® Physics 2 2023 Free-Response Questions 

3. (12 points, suggested time 25 minutes)

Tank X is a large cylindrical tank that is partially filled with water, as shown in Figure 1. The bottom of Tank X is
connected to a short horizontal pipe. A valve that is initially closed can be opened to allow water to flow through
the pipe and exit through the other end of the pipe.

(a) Two blocks, A and B, have identical dimensions and are placed in the tank. Both blocks float at rest and are
partially submerged in the water.

i. The water and air can be modeled as consisting of individual particles that are in continuous random
motion. In terms of interactions with both water and air particles, explain why there is an upward buoyant
force exerted on each block.

ii. The valve is then opened, and water flows out through the pipe. The surface of the water moves
downward. When Block A touches the bottom of Tank X, Block B is still above the bottom of Tank X.
Which block has a greater density? Briefly explain your reasoning.

© 2023 College Board. 
Visit College Board on the web: collegeboard.org. 

12 

Begin your response to QUESTION 3 on this page.

GO ON TO THE NEXT PAGE.

Tank Y is a large tank with the top open to the air, as shown in Figure 2 . The bottom of Tank Y is connected to a 
short horizontal pipe of radius r with a closed valve. Tank Y is filled with water to height h0 above the horizontal 
pipe. Tank Y is specially designed so that when the valve is opened, the surface of the water moves downward at 
constant speed vs. 

(b) At time t = 0, the valve is opened.

i. Derive the relationship between the speed vp at which water exits the pipe and the changing height h of

the surface of the water above the pipe to show that vp = gh2vs 
2 
+ .

ii. Derive the relationship between vp and the changing radius R of the top surface of the water to show

that 
2Rv = vp s2r

 .
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iii. When the radius R of the tank is sufficiently greater than r , the speed vp can be approximated

as vp = 2gh . Justify this claim.
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Continue your response to QUESTION 3 on this page.

GO ON TO THE NEXT PAGE.
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Tank Z is a large tank whose top is open to the air and is shaped as shown in Figure 3. The bottom of Tank Z is 
connected to a short horizontal pipe with a closed valve. Tank  is filled with water to a height Z h0 above the 
horizontal pipe. 

At time t = 0, the valve of Tank Z is opened. 

(c) Does the speed vs at which the surface of the water moves downward increase, decrease, or remain the same
over time as water exits the other end of the pipe? Justify your answer by using or referencing equations from
both part (b)(i) and part (b)(ii).
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Continue your response to QUESTION 3 on this page.

GO ON TO THE NEXT PAGE.


