The Science of Acoustics – McCaskey 
Assignment #4 

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! 
Go to the course resources page, chapter 4 Do problems 1-6. 

On #6, to get a percentage difference between two numbers a and b, use % difference = 100 x |a – b| / (average of a and b). The average of two numbers a and b is (a+b)/2.

Finally, try this question #7 from an in-class handout I used to give when we had more inperson time: 

7. A wave travels 46 m/s and vibrates at a frequency of 100 Hz. Find the wavelength of this wave. If a string vibrating at this frequency has two nodes between the ends and three antinodes, how long is the whole string?

Homework

1. A string of length 0.9 m is oscillating with a certain frequency and sets up a standing wave with three loops. If the speed of the wave on the string is 45.0 m/s, do the following: (a) Draw this picture and label the nodes and antinodes, (b) find the frequency of the vibrator shaking the string (you’ll need to find λ first), (c) find how long it takes one signal to travel the entire length of the string and back.
Given:
L = 0.9m
v = 45.0 m/s
Required:
A. Drawing of the situation with labels
B. Frequency, f
C. t 
Solution:
A. *This is an image image from Chapter 4, which is similar to the given in the problem, A are the points for antinodes while N are for the nodes.
[image: ]
B. 
For strings, λ = 2x(distance across one loop)
Since there are 3 loops for the string of length 0.9m,



The formula for frequency is 



C. The wave travels at a speed of 45.0 m/s it travels along the string for a distance of twice the string’s length (travel the entire length of the string and back).


We know that  thus .



2. Find the length of one loop, the entire wavelength, and the speed of the wave v for the following three situations: (a) a string 120 cm long vibrating at 60 Hz with three loops (two nodes between the ends) (b) a string 80 cm long vibrating at 20 Hz with just an antinode in the middle (one loop only) (c) a 160 cm string vibrating at 30 Hz with four loops between the ends.
Given:
A) L = 120cm = 0.12m
f = 60Hz
3 loops  
B) L = 80cm = 0.08m
f = 20Hz
1 loop
C)  L = 160cm = 0.16m
f = 30Hz
4 loops
Required:
Length of a loop


v
Solution:
*Formula used:


λ = 2x(Length of loop)


A)

 




B)






C)







3. Consider a violin string of length L = 31.6 cm. Waves travel on this string with a velocity v = 277 m/s. (a) If you pluck it and there are no obstructions to the oscillation, what is the wavelength of this standing wave? (b) Is it possible to have a standing wave on this string with a larger wavelength? Explain your reasoning. (c) What is the largest period a standing wave can have on this string? (d) Use physical reasoning (no equations allowed) to determine the frequency of vibration of the sound wave in air.
Given:
L = 31.6cm = 0.316m
v = 277m/s
Required:
A) λ of standing wave if no obstruction
B) Is it possible to have a standing wave with a larger wavelength
C) Largest period, T
D) Frequency, f
Solution:
A)
λ = 2x(Length of loop)
*For unobstructed violin string the wave looks like the figure below
[image: ]
 **There is only one loop throughout the length of the string thus length of loop is equal to length of string


B)
No, since the length of the string is constant the only possible way to change the wavelength would be to fret the string which reduces L, this in turn will also reduce the value of the wavelength. Therefore, we can not have a standing wave with higher wavelength however we can have shorter wavelengths.
C)


Since f is the reciprocal of T,


Considering that v is constant and in part B we discussed that the wavelength could be changed (shortened), The highest Period would be the one with the highest wavelength. Since we can’t have a higher wavelength than the one we solved in part A, that wavelength will give us the highest possible period.


D)
*I’m sorry but I really have no idea on how to determine the frequency using physical reasoning.
**however mathematically f = T-1 = 438.29Hz
4. (a) My guitar’s D string vibrates with a frequency of 147 Hz if there are no nodes between the string endpoints. Estimate how long a wavelength of this vibration must be (you must first estimate the length of a guitar string), and find how fast the waves must be traveling along the string’s length. (b) The higher “B” string plays a 196 Hz frequency (again – just one antinode in the center.) Find the wave speed on that string. Does it surprise you that it’s faster than part (a)?
Given:
fD = 147 Hz
fB = 196 Hz
Required:
A) λ and v at D string
B) v at B string
Solution:
The average guitar string length would be 0.65 m
Since there is only one loop on the string, length of loop is also 0.65 m






The velocity in B is indeed greater than that in D, this is not surprising since they are of the same length and at the first harmonic that the only basis for comparison of their velocities comes down to their frequencies. Since velocity is directly proportional to frequency, the string with higher frequency will also have the higher velocity.
5. If two in-phase speakers in a room (drawn with dots here) play the same sound with wavelength 0.75 m, would the listener at the X hear nearly nothing, a loud sound, or something in between?

[image: ]
Given:
d1 = 1.4m
d2 = 3.65m
 λ = 0.75m
Required:
Sound intensity at point x
Solution:
A loud sound will be produced if at point x there is a constructive interference caused by the sound from both sources.

We will know if there is constructive interference when , where n is any whole number
Nearly nothing will be heard at point x id there is a destructive interference.

We will know if there is destructive interference if , where n is also any whole number.

First we’ll assume constructive interference:


Since n is a whole number, we ca say that there is constructive interference thus the sound in point x would be loud.

6. A violin has a scale length of 32.7 cm (we’ll go with what Stradivari used). It is tuned to 440 Hz. If the violinist wants to play a note with a frequency of 494 Hz (this is a B – one whole step up), where should she place her finger to shorten the string correctly? (b) Due to her finger size, if the finger placement can be off by about 0.5 cm in either direction, what is the percentage difference between the “sharp” and “flat” errors?
Given:
L = 32.7cm = 0.327m
f = 440 Hz
fB = 494 Hz
 
Required:
Distance to shorten string for f = 494 Hz
% difference
Solution:
At normal:




We assume same velocity for fB,


Since the length of the violin string is 32.7 cm, she should place her finger 32.7-29.13, which is 3.47 cm, from the end of the string.

Since there is a 0.5 cm difference between the “sharp” and the “flat”

La = 29.13 + 0.5 = 29.63 cm = 0.2963m

 
100 x |a – b| / (average of a and b)



7. A wave travels 46 m/s and vibrates at a frequency of 100 Hz. Find the wavelength of this wave. If a string vibrating at this frequency has two nodes between the ends and three antinodes, how long is the whole string?
Given:
v = 46m/s
f = 100Hz
Has 2 nodes and 3 antinodes in between ends
Required:  


L
Solution:


If we have 2 nodes and 3 anti nodes it would look like this
[image: ]
This shows that there are three loops or 1 and a half a wavelength
[bookmark: _GoBack]L = 1.5(0.46) = 0.69m = 69 cm 
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following three situations: (a) a string 120 cm long vibrating at 60 Hz with three loops
(two nodes between the ends) (b) a string 80 cm long vibrating at 20 Hz with just an
antinode in the middle (one loop only) (c) a 160 cm string vibrating at 30 Hz with four
loops between the ends.

3. Consider a violin string of length L = 31.6 cm. Waves travel on this string with a velocity
v =277 m/s. (a) If you pluck it and there are no obstructions to the oscillation, what is
the wavelength of this standing wave? (b Is it possible to have a standing wave on this
string with a larger wavelength? Explain your reasoning. (<) What is the largest period a
standing wave can have on this string? (d) Use physical reasoning (no equations
allowed) to determine the frequency of vibration of the sound wave in air.

4. (a) My guitar’s D string vibrates with a frequency of 147 Hz if there are no nodes
between the string endpoints. Estimate how long a wavelength of this vibration must
be (you must first estimate the length of a guitar string), and find how fast the waves
must be traveling along the string’s length. (b) The higher “B” string plays a 196 Hz
frequency (again — just one antinode in the center.) Find the wave speed on that string.
Does it surprise you that it's faster than part (a)?

5. If two in-phase speakers in a room (drawn with dots here) play the same sound with
wavelength 0.75 m, would the listener at the X hear nearly nothing, a loud sound, or
something in between?
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