 Lab Module 7: Signaling Using Light: Modulating Analog Signals

Objective: This lab is about modulating light in order to transmit information. Here the focus is on analog signals

Background reading

1. Analog signals: http://en.wikipedia.org/wiki/Analogue_signal
2. Amplitude modulation: http://en.wikipedia.org/wiki/Amplitude_modulation
3. Frequency Modulation: http://en.wikipedia.org/wiki/Frequency_modulation
4. Carrier wave: http://en.wikipedia.org/wiki/Carrier_wave
5. Modulation: http://en.wikipedia.org/wiki/Modulation
Overview

· Modulation of light with signal (lab)

· AM modulation

· FM modulation

· Digital vs analog communication (e.g. digital TV)

Rhett Board and Mobile Studio Setup:
1. Find two adjacent computers in the lab. Log into a machine next to your teammate(s). 
2. Setup your Rhett boards as in Module 1

Team Exercises

1. Setup 

a. Setup each Transceiver on their own computer using a Rhett Board. Use the AWG1 and AGND pins to connect to pins labeled “IN 1” and “GND”, respectively on the transceiver. Connect the “+4V” and “-4V” of the transceiver to the matching pins on the Rhett Board.
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b. Setup each transceiver by connecting the A1+ and AGND pins to “Analog Out” and “GND”, respectively. 

c. Using the Arbitrary Waveform Generator, produce a sine wave at 5KHz with 1.5V peak-to-peak and 2.5V offset. This will drive a sine wave as an optical output.

d. Enable the oscilloscope on channel 1 (both computers)
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2. Measurement

a. Point the Transceivers at each other at a distance of approximately 1m.  You should be able to see the optical waveform on the oscilloscopes. 

b. Characterize the performance of your transceivers (both directions)

i. How fast can it go? (Attenuation at different frequencies.)

ii. What is its range? (Attenuation at different distances.)

iii. What is the field of view? (Attenuation at different angles from centerline.)

c. Experiment with lenses, reflectors, etc.

d. Observations? Performance?

3.  Transmitting a real audio file

a. Load the Spring Peepers .wav file into AWG

b. Look at the waveform on the display – identify appropriate DC offsets and scale factors to fit into your signal design range

c. Listen to the file at both source and destination

d. Observations? What happens if you increase the distance between the LED and PD?

e. Try a DC offset of 3V, how is this different?

4. Try communicating to one of the other team’s boards (not yours, but some other team’s) 

a. What happens when two signals are received by one board? 

b. Experiment and record your results.

5. Design Questions and Discussion

a. Compare our scheme to music system components – equalization, dynamic range, frequency response

b. How useful is a system in which volume is affected by distance?

c. How fast can we modulate the data on the system?

d. What are the factors that limit high data rates? 

e. What are your conclusions about how you might design a system to modulate for highest data rates?

6. Amplitude Modulation

a. Can you design a mechanism to achieve amplitude modulation?

Discussion and Wrap up:

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

· Update your log books.
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