
2019 AP® PHYSICS 1 FREE-RESPONSE QUESTIONS 
 

  
-11- 

 

 5. (7 points, suggested time 13 minutes) 

  A tuning fork vibrating at 512 Hz is held near one end of a tube of length L that is open at both ends, as  
shown above. The column of air in the tube resonates at its fundamental frequency. The speed of sound in  
air is 340 m s. 

(a) Calculate the length L of the tube. 

 

(b) The column of air in the tube is still resonating at its fundamental frequency. On the axes below, sketch a 
graph of the maximum speed of air molecules as they oscillate in the tube, as a function of position x, from  
x = 0 (left end of tube) to x = L (right end of tube). (Ignore random thermal motion of the air molecules.) 

 

 

 

(c) The right end of the tube is now capped shut, and the tube is placed in a chamber that is filled with another 
gas in which the speed of sound is 1005 m s. Calculate the new fundamental frequency of the tube. 

 
 
 
 

 
STOP 

 
END OF EXAM 
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Question 5 

7 points 
 

 
A tuning fork vibrating at 512 Hz is held near one end of a tube of length L that is open at both ends, as 
shown above. The column of air in the tube resonates at its fundamental frequency. The speed of sound in air 
is 340 m s . 

 
(a)  LO 6.D.3.4, SP 1.2; LO 6.D.4.2, SP 2.2 
  2 points 
 

Calculate the length L of the tube. 

 
For using v f    1 point 

   340 m s 512 Hz 0.66 m      

For a length that is half of the calculated wavelength, with units  1 point 
2 0.33 mL      

 
 
(b)  LO 6.A.1.2, SP 1.2; LO 6.D.3.2, SP 6.4; LO 6.D.3.4, SP 1.2; LO 6.D.4.2, SP 2.2 
  3 points 
 

The column of air in the tube is still resonating at its fundamental frequency. On the axes below, sketch a 
graph of the maximum speed of air molecules as they oscillate in the tube, as a function of position x, from  
x = 0 (left end of tube) to x = L (right end of tube). (Ignore random thermal motion of the air molecules.) 

 
 

For a curve with a node (zero) at 2L   1 point 

For a curve with maxima at 0, L, and no other points  1 point 
For a nonhorizontal curve that is symmetric around 2L  and nonnegative everywhere  1 point 
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Question 5 (continued) 

(c)  LO 6.D.3.4, SP 1.2; LO 6.D.4.2, SP 2.2) 
  2 points 
 

The right end of the tube is now capped shut, and the tube is placed in a chamber that is filled with another 
gas in which the speed of sound is 1005 m s . Calculate the new fundamental frequency of the tube. 

 
Correct answer: 757 Hz   
For an indication that the fundamental wavelength is 4L  1 point  
For substituting the new sound speed in v f    1 point 

 
 
Learning Objectives 
 
LO 6.A.1.2: The student is able to describe representations of transverse and longitudinal waves. [See Science 

Practice 1.2] 
LO 6.D.3.2: The student is able to predict properties of standing waves that result from the addition of incident 

and reflected waves that are confined to a region and have nodes and antinodes. [See Science Practice 6.4] 
LO 6.D.3.4: The student is able to describe representations and models of situations in which standing waves 

result from the addition of incident and reflected waves confined to a region. [See Science Practice 1.2] 
LO 6.D.4.2: The student is able to calculate wavelengths and frequencies (if given wave speed) of standing waves 

based on boundary conditions and length of region within which the wave is confined, and calculate 
numerical values of wavelengths and frequencies. Examples should include musical instruments. [See Science 
Practice 2.2] 
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