Smart Lighting 

Lab Module 13: Acoustic Heart Monitor

Objective: This lab is about operational amplifiers and building a device capable of detecting your heartbeat.

Background reading

· Loudspeaker: http://en.wikipedia.org/wiki/Loudspeaker
· Op Amps: http://en.wikipedia.org/wiki/Op Amps
· Op Amp applications:

http://en.wikipedia.org/wiki/Operational_amplifier_applications
· Sound Amplification: http://en.wikipedia.org/wiki/Sound_amplification
· Heart Rate: http://en.wikipedia.org/wiki/Heart_rate
Overview
1. What is gain?

2. Non-inverting amplifiers

3. What is your heart rate (units)?

In this lab:

· Op Amps are used to amplify a signal
· R2/R1 is the gain, or the amount the input signal is multiplied by
· The signal from your heart must be amplified in order to see a signal on the computer
Rhett Board and Mobile Studio Setup:
1. Find a computer in the lab. Log into a machine with your teammate.  Note: only one Computer/Rhett Board is required, and team members should work together.

2. Setup your Rhett board as in Module 1

Team Exercises
1. Using your microphone

a. Setup the breadboard using a speaker/microphone circuit as shown below (don’t forget to power the Op Amp ±4V)
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b. Using alligator clips if necessary, connect Pin 3 (in) from the Op Amp to the positive (+) end of the speaker.  Connect the negative (-) end of the speaker to AGND.

c. Connect Pin 6 (out) from the Op Amp to A1.

d. Turn on the oscilloscope.

e. Speak into the microphone and see if you can see a signal (you may need to play around with the Volts/Div and Time/Div in order to see a clear signal; try decreasing the Time/Div).

i. NOTE: Not all the speakers are the same, so you may not have the same combination of R2 and R1 as your neighbors’.

f. (Optional) Try to measure the average zero-to-peak amplitude of the voltage produced by the microphone.
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2. Listening to your heartbeat
a. Once you are happy with your circuit, place the loudspeaker over your chest cavity, choosing a convenient position that picks up your heartbeat. Alternatively, you can place the loudspeaker in the crook of your neck, near the carotid artery where a pulse is felt. You may have to experiment with several different positions to pick up a good acoustic signal, and you may have to remain quiet and still because the microphone will be very sensitive to movement.

b. Observe your heartbeat with the oscilloscope.  You will see lots of electrical noise from the amplifier output, but the heartbeat should be observable as a regular pulse superimposed on the noise.

c. Collaborate with another group and play around with the amount of Op Amps and resistors used in order to get a large enough gain (amplification).

i. NOTE: After a certain amount of amplification, the signal cuts off.  This means that the oscilloscope cannot read the saturated signal above a certain voltage (~9V).

d. Use the oscilloscope to try to measure the beating rate of your heart (period, frequency, heart rate, etc.).  Take a screen shot of the best signal you can find.

i. NOTE: It may help to do some exercise to increase the strength of your heart’s acoustic signature.  You can do jumping jacks in place, for example, run up and down the hallway, or climb up and down the atrium stairs between floors 1 and 2 in the Photonics building before returning to your lab station.  (In a previous class, one group ran all the way to the 9th floor and back.)

e. Plug in the headphones to the stereo jack and enable audio.

f. You may or may not be able to observe the “lub-dub” sound of your heartbeat.  For example, I heard music from a radio station (Why?).

Discussion and Wrap up:

· Be prepared to discuss your group’s results with the class. 

· Keep a log of your activities and data for presentation later.
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