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Date:________
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DIRECTIONAL MICROPHONE LAB ACTIVITY
Introduction: Scientists and engineers use reflective surfaces to guide information to a single point in applications as wide ranging as ocean-color observation to radio astronomy. Reflective dishes are found in more everyday application such as satellite television and point-to-point wireless data communication. Today you will explore how such devices work and learn a little about spectral analysis along the way!
Materials: 
1. Smartphone
2. Set of headphones with a microphone
3. Plastic bowl
4. Wire coat hanger
5. Sound source
6. One meter stick 
7. Duct tape
8. Electrical tape 
Instructions:
1. Download a spectrum analyzer app on the smart phone. Try Fourier Lite for iPhone and Real Time Audio Analyzer for Android. Both are free and should download quickly.
2. Unravel the coat hanger and use it to fashion an arm that spans the mouth of the bowl. Set aside for later.
3. Go outside and find an area far from any walls or other reflecting surfaces (why might this be important??).
4. Measure out a 15 m line with the meter stick. Pieces of tape or chalk can be used to mark meter intervals.
5. Plug the headphones in and start the spectrum analyzer.
6. One group member stands 1 m away from the microphone with the sound source playing at a frequency of 200 Hz. Record the level in dB.
7. Repeat the measurement as the sound source is moved back, 1 m at a time.
8. Repeat steps 5-7 using a source frequency of 400 Hz and 600 Hz.
9. Use electrical tape to mount the microphone at the center of the arm (called the focus).
10. Repeat steps 5-8 with the directional microphone.
11. Bonus: Try measuring the intensity at different angles (keep the source in one place and walk around it with the directional microphone). What do you notice? Are there certain angles where the sound seems to drop off? 
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Analysis Questions:
1. Make a distance versus amplitude graph for all six runs of the experiment on a sheet of graph paper. What should be on the x-axis? the y-axis? What are the appropriate units?

2. Did the microphone have a greater range with or without the dish? How can you justify that observation from your data? Why do you think you made that observation? Think about the physics of reflection. Do you see any other patterns?





3. Did one frequency seem to get picked up by the microphone better than the others? How can you justify that from your data? Why might that be the case?
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4. If you completed step 11 in the instructions, what did you notice? Did there seem to be certain angles where the probe sound seemed to disappear? Can you say something about what the beam pattern might be?





5. If you were to do this experiment again, what would you do differently?




Discussion questions:
1. Describe in words why the dish might be helping or hurting the microphone’s ability to pick up sound. Draw a picture of the dish and what the sound rays are doing.




2. What does the spectrum analyzer do? How did it help you complete the lab?




3. Can you think of any other ways a spectrum analyzer and the concepts underlying their functionality might be useful? 




4. What do you think a spatial frequency might be (I know that is a weird sounding question. I’m just looking for your ideas, not a right or wrong answer)?




5. Can you think of any application for this sort of technology? Try to come up with some examples not related to sound or mentioned in class. Think about ways a dish might be used with waves all along the electromagnetic spectrum.

