The Science of Acoustics – McCaskey Assignment #6
Due next week at the beginning of class. Please write out or type your answers, and hand them in then. No homework will be accepted after solutions are posted. Show your work!
The problems are in two places because some of class dealt with standing waves in pipes, which is something covered in a chapter we’ve already read a bit.
Do problems in the Chapter 6 notes #1-4, 6

Then review the notes on Chapter 4 (referenced in the slides) and do problems in that chapter #8 and 11-13. Problem #10 will look like a lab we’ll do soon but it’s not due this time.

Chapter 6

1. An airplane is traveling at 80.0 m/s (180 mi/hr) and “buzzes” a house on the ground. If
the plane’s engines produce a sound with frequency of 300 Hz, find the frequency heard
by a stationary ground observer as the plane (a) approaches and (b) recedes from the
house. Assume it is 50°F outside.
	Given:
		
		
		
	Required:
a. f as plane approaches
b. f as plane recedes
Solution:
	This is the case of a stationary receiver so the appropriate formula to use is:
	
	Finding first the speed of sound in air v at T = 50°F:
		
		

		
		
		

a. f as plane approaches:



b. f as plane recedes:



2. Consider the case of the Doppler effect in which the observer is at rest and a source of
musical sound is approaching a stationary observer at twice the speed of sound in air, or
690 m/s. What does the observer hear?
Given:
		
	Required:
What the observer hears, f
Solution:
	This is the case of a stationary receiver with approaching source so the appropriate formula to use is:




3. If it is 0°C outside, how fast must a sound source approach you such that the frequency
you hear is double the frequency the source is putting out? This would mean you’d hear
a note one octave higher than that produced by the source. Hint: If it bugs you that I
didn’t give you either frequency, just make up a source frequency and double it for the
frequency heard by the observer.
Given:
		
	Required:
 so 
Solution:
This is the case of a stationary receiver with approaching source so the appropriate formula to use is:












4. The sound produced by a stationary siren of an ambulance has a frequency of 1500 Hz.
Assume the air temperature is 25°C and calculate the frequency heard by the observer
as the ambulance (a) approaches and (b) moves away from the observer at a speed of
30 m/s.
Given:
	
		
		
	Required:
a. f as ambulance approaches
b. f as ambulance moves away
Solution:
This is the case of a stationary receiver so the appropriate formula to use is:
	
	Finding first the speed of sound in air v at T = 25°C:
		
		
		
		

a. f as ambulance approaches:



b. f as ambulance moves away:














Chapter 4

8. Let’s solve a real string problem using my own acoustic as an example. The scale length
is 25 ½” (this is the maximum vibrating length of the strings - let’s call that 65 cm). The
low E that’s played has a frequency of 82.4 Hz. (a) Find the wavelength of this
fundamental string vibration from the scale length. (b) What is the speed of waves on
this guitar string? (c) The string specs say 24.95 lb of tension is appropriate. That’s 111
N. Find the mass density of this string in kg/m. (d) Only do if you’re bored: the
D’Addario tension chart says that the string gauge I buy for this has a “unit weight” of
.00056962 lb/in. Compare this with part (c) using 1 kg = 2.2 lb and 39.37 in = 1 m.
Given:
	
		
	Required:
a. wavelength l
b. velocity v
c.  if FT = 111 N
d. Compare the value in C with the D’Addario tension chart
Solution:
a. For the first harmonic, 
	
b. 
	
	
c. 
 
		d. 
		The unit weight is approximately equal to the calculated 

11. A flute is designed to play its fundamental note at 264 Hz, when the air temperature is
15°C. Calculate the length of the flute and the frequencies of the second and third
harmonics if the speed of sound in m/s is given by 331 + 0.6 T (where T is the Celsius
temperature).
Given:
	
		
	Required:
a. L
b. f2 and f3
Solution:
The speed of sound is:  and the flute is open at both ends so:
a. 


b. 



12. A pipe of length 150 cm is open at both ends and a standing wave is set up with only
one node between the ends. If the speed of sound is 343 m/s, find the frequency of this
standing wave.
Given:
	
		
	Required:
f
Solution:
	The pipe is open on both ends and the situation describes the first harmonic so:
		

13. Take the same pipe as in the previous problem (same speed of sound), and close one of
the ends. Now find the fundamental frequency.
Given:
	
		
	Required:
f
Solution:
	The pipe is open on only one end so:
		

