Exploration Guide: Hearing: Frequency and Volume
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Have you ever listened to a dog whistle? If so, did you hear anything while you listened? Probably not, because the sound frequencies produced by a dog whistle are higher than the range of sounds humans can hear. 

Similarly, some dogs and other animals can hear sounds that are fainter than those that human ears can detect. And perhaps you've heard an older person say "speak into my good ear." The range of sounds we can hear gets smaller as we age, especially if we are repeatedly exposed to loud sounds from sources like machinery, concerts, headphones, or explosions. 

Finding Your Threshold

In this Gizmo™, you will compare the intensity of sounds produced at different frequencies, and measure the softest sound you can detect at each frequency. 

1. First, eliminate as much as possible of the background noise—the sounds coming from a source other than your computer's speakers or headphones. If you have access to headphones for your computer, plug them in and put them on. Be sure the System volume slider is set to 1 and click the test button. If the sound is too loud, turn down your system's speakers or the computer's volume and click test again. If the sound is too soft, turn up your speakers or adjust the System volume slider until a comfortable volume is reached. 

a. The pitch of a sound is related to its frequency, measured in hertz (Hz), or cycles per second. Locate the 500 Hz slider, and move it to −20 decibels. Click the Play button for the 500 Hz frequency, and listen. 

b. Did you hear anything? 
c. If so, was the sound loud or soft?
d.  The decibel value for a sound wave is a ratio that is used to describe the loudness of that sound compared to a reference value. So, in this Gizmo, a zero decibel sound has the same loudness as the reference sound. The more negative the decibel value, the softer the sound. Therefore, a −30 decibel sound is softer than a −20 decibel sound. 

e. Locate the slider for the 4000 Hz sound. Move this slider so that it has the same decibel value as the 500 Hz frequency. Play the 500 Hz sound, and then play the 4000 Hz sound. 
f. Does one tone seem louder than the other? 

g. How loud a sound actually seems to us, or the perceived loudness, depends on the way our ears function. Our ears can detect some frequencies better than others. Adjust the 4000 Hz slider until it seems to have the same perceived loudness as the 500 Hz sound. 

h. Repeat steps d and e for the remaining frequencies. Start the slider for each frequency at the same absolute intensity as the 500 Hz slider, and then compare the sound to the 500 Hz tone. 
i. Move the slider for each frequency until up or down as necessary until it has the same perceived loudness as the 500 Hz sound. (Note: You may have difficulty hearing any sound at all for a few of the highest and lowest frequencies. This is probably not because of a hearing problem, but because of the quality of your computer's speakers.) 

j. Press the Play full sequence button, and listen to all the tones. 
k. Did each sound seem equally loud? 
l. If one sound seemed louder or softer than the others, adjust the slider for that frequency and press Play full sequence again. 

m. Look at the positions of the sliders from left to right. Imagine connecting the sliders with a smooth curve. 
n. What shape would the curve have? This curve is called an equal loudness curve. 
o. Click COPY SCREEN to take a screenshot, and paste the image into a blank document. If possible, print out your curve and compare it to your classmates, or look at their screens to see their curves. 
p. Were all the curves similar? 
q. Did some people hear some frequencies differently from others? 

2. Now you will create an equal loudness curve for the faintest sound you can hear at each frequency. For good results in this part of the experiment, the room should be as quiet as possible. By moving the 500 Hz slider and using the 500 Hz Play button, experiment until you have found the lowest volume at which you can detect a 500 Hz tone. This sound intensity is your threshold of audibility for a frequency of 500 Hz. 

a. Predict what the intensity of a sound at your threshold of audibility for 4000 Hz will be. 
b. Using the same method as you did above, find the threshold of audibility for a 4000 Hz sound. 
c. Was your prediction correct, or was the intensity higher or lower? 

d. Find your threshold of audibility for each of the remaining frequencies. The equal loudness curve that results shows the lowest sound intensity that you can hear for each frequency in these conditions. 

e. Click COPY SCREEN and paste the screenshot into your document. Discuss the overall sound intensities and the shape of the curves. What factors might make their curves different? 

3. As humans age, hearing loss usually occurs for high-frequencies first. Based on your experience with your parents, grandparents, or other older adults you know, predict what their equal loudness curves for their thresholds of audibility will look like. 

