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Number of Wavelengths and Perceiving a Pitch


The first part of our project involves wavelengths. The purpose of this portion of the project is to see how many wavelengths of a tone it takes for a human ear to recognize that it is a tone. The way this test was done was by making tones and playing their selected wavelengths to test subjects. First, the subject was sat down in a quiet environment with headphones. Next, the tester would play the three ascending tones for five seconds each. The subject would then listen to selected number of wavelengths of the tones played in random order. For example, the person giving the test plays one wavelength of each of the three tones and waits to see if the listener can discern the order of the tones. If the subject cannot, the tester goes to the next amount of wavelengths. This process continues until the subject can consistently tell the identity of what is being played to him/her.  A list was made by the tester so that he knows which tones to play in each test given. 


The tones played were separated by a whole semitone. There are three groups of tones. The first is Ab2, A2, and A#2, the next is Ab4, A4, and A#4, and the final is Ab6, A6, and A#6. The frequencies of each of these was found using the formula: f1 = 440 x 2^(n/12). 

f = 440 x 2^(-25/12) = 104

f = 440 x 2^(-24/12) = 110
f = 440 x 2^(-23/12) = 116

f = 440 x 2^(23/12)= 1661

f = 440 x 2^(24/12)= 1760

f = 440 x 2^(24/12)= 1865


One of the subjects tested was noted to have a hearing disability. He is partly deaf in his right ear. The reason that I decided to let him proceed in his test is because it is a test of frequency recognition, not a test of volume. He had no complaints of being able to hear the tones.   


Research has proven that the human ear can hear sounds between 20 and 20kHz. The lower end of this range translates to 17 wavelengths.
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	X

	High Range
	17
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	15
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	17
	15
	X
	X


The x’s on the above chart represent the subject not being able to tell the frequency in the given number of wavelength samples. 

[image: image1.emf]Frequency Recognition

0

2

4

6

8

10

12

14

16

18

James Matt Mike W. Tom Carroll Max Josh Ian Mike D. 

Subjects Tested

Wavelengths needed

Low Range

Middle Range

High Range


The results:

For the low range, the average was 9 wavelengths.  For the middle range, it was 6.  For the high range, it was 15.  Overall, the average number needed was 11 wavelengths. 
My hypothesis for why the lowest number of wavelengths was needed in the middle range is because people are more accustomed to hearing frequencies in and around this range. 
Locating Sounds With Time Delay

There are several ways that human ear-brain system locates where a sound is coming from.  The most obvious way is by figuring out in which ear the sound is louder.  However, there is another less obvious way that the ear-brain system calculates this.  The brain actually uses the time delay between the two ears to tell where a sound is coming from.  The brain uses how spread apart the arrival time of each sound is to calculate whether the sound is coming from the left or the right.  This is illustrated in the following picture:

[image: image2.png]



  It takes the sound longer to travel the distance of L1 than L2 causing the sound to arrive at the left ear (our left) a little later. The brain is able pick up this difference in arrival times.  This is quite amazing due to the fact that the ears are very close to each other relative to how fast sound moves.  The average distance between human ears is about 9-14 cm.  Using the equation time = distance/speed we learn that with most people’s head being somewhere between  9 and 14 cm and the speed of sound being 340 m/s, the time delay between ears for most humans is roughly between .0003 and .0004 seconds.  It is astonishing that the brain can perceive such a small time delay. 

When I first learned about the brains ability to do this, it was hard for me to believe.  In order to be convinced I used the program Audacity to simulate such a time delay.  When I put on headphones and listened I was amazed by how well the brain recognized the delay and told me that the sound was coming from a certain direction.  What I perceived was the  sound being louder in one ear even though both headphones played the same intensity.  At certain time delays it even seemed as though no sound was coming from one ear.

After experiencing this I became curious as to how precise the brain actually was when it comes to these time delays.  I began to wonder about the limits of the brain when it came to these time delays.  What is the smallest time delay that will cause the brain to tell you that the sound is louder in one ear?  When does the time delay become to big so that it no longer sounds louder in one ear?  These are the questions that motivated my study.

Method

In order to answer questions regarding the range of the brain’s ability to differentiate the arrival time of sounds in both ears, I decided to test several people.  Using audacity I recorded and sound and copied it onto two different audio tracts.  One tract was set up so that it only played in the left ear and the other one was set up so that it only played in the right ear.  I then tested several subjects asking them to tell when they felt like the sound was coming from a certain direction or appeared louder in one ear than the other.  I played the sound many times, switching the time delay between ears each time and recorded what the subjects said they heard.

To measure the perceived intensity difference for the subjects, I asked them to describe how apparent it was.  If they got an answer right I assigned a number between 0 and 4 to their answers based on the following table:

	Perceived Intensity Difference
	Points

	Can't tell difference in intensity or very inaccurate.
	0

	Can sense intensity difference but almost equal.
	1

	Clearly louder in one ear but the other ear 

can still be easily heard.
	2

	Mostly in one ear but a little can be heard in the other.
	3

	Heard all or almost all in one ear.
	4


Findings


The findings were a lot different from what I expected them to be.  First, I found that the brain is even more precise at perceiving time delay than I thought.  Some subjects started noticing an intensity difference with smallest time delay possible with Audacity.  This smallest time delay was .00002 sec.  Second, I expected the subjects to perceive the clearest difference in intensity somewhere between .003 and .004 sec like my calculations suggested.  As the time delay got farther away from this climax whether, shortening or lengthening,  I expected the perceived the intensity difference to decrease at the same rate.  However, the research suggested something totally different.  After plotting the data as perceived intensity difference vs. time delay I got the following graph:
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Conclusion


I am not sure why the data produced a graph like this.  Instead of climaxing between .0003 and .0004 sec, the responses climaxed between .001 and .003 sec.  One possible reason for this is that the sound has to travel around the head instead of through the head.  The average circumference of the subjects’ heads was about 60 cm.  This means that the time it would take to get around the head is a little less than .002 sec which fits better with the graph.  But this still doesn’t explain why some of the subjects had strong responses with time delays as long as .004 sec.  Sound travels over a meter in that time and there is no way to measure the head that will give you such a high distance.

From this study I learned that the way the brain locates sounds is more complex than just the differences in intensity and arrival times of the separate ears.  This is obvious when you think about the fact that we can tell whether a sound is coming from behind, in front, above, or below us.  Because of the shape of our ears sounds from all these positions are caught by the ear in different ways, causing a slight timbre difference that the brain picks up on.
