Smart Lighting 

Lab Module 2: Circuits with LEDs

Objective: This lab is about LEDs, how to drive them, and some basic properties of electrical circuits.

Background reading

· Resistors: http://en.wikipedia.org/wiki/Resistor
· Resistor Color Code: http://en.wikipedia.org/wiki/Electronic_color_code
· LEDs: http://en.wikipedia.org/wiki/LED
· Light Emitting Diodes (LEDs): http://zone.ni.com/devzone/cda/ph/p/id/130
· Resistor-Capacitor (RC) Circuit: http://en.wikipedia.org/wiki/RC_circuit
Overview
1. What is a circuit?

2. Current, voltage, resistance, capacitance and mechanical analogs

· Resistance – analogous to valve in shower

· Voltage – analogous to pressure

· Current – analogous to flow

· Capacitance – analogous to a tank

· Shower valve, tank, spigot analogy

3. Voltage divider

4. Effect of capacitance (tank) on variations in flow 

· Tank smooths out flow

· Square wave

5. Ohm’s law

6. Reading a resistor value

7. Wiring of the breadboard

Rhett Board and Mobile Studio Setup:
1. Find two adjacent computers in the lab. Log into a machine next to your teammate(s).  Note: only one Computer/Rhett Board is required, but each person can run the exercise.

2. Setup your Rhett boards as in Module 1

Team Exercises
1. Exploring a resistor voltage divider circuit

a. Find the 1K ohm and 2.2K ohm resistors

b. Create a circuit with three resistors in series (this is a static circuit)
i. Use resistors of 1K ohm, 1 K ohm, 2.2K ohm
ii. Input voltage of +3.3V DC (circuit between D1 and DGND)

iii. Open the oscilloscope and set channel 1 to A1SE 

iv. Connect wires to A1+ and GND. Use these wires to probe the voltages at each point in the circuit using the Oscilloscope (see figure). Sketch your circuit and write down the voltage observed at each point in the circuit. 
[sketch resistor circuit on whiteboard]

c. Calculate current expected through this system of resistors using Ohm’s Law

i. Put this in a table corresponding the test points.

d. Calculate the voltage across each resistor (again using Ohm’s law and the current just computed) and put in the table

e. Make sure that the digital output D1 is turned on (digital I/O panel)

f. Using A1+ as a test probe, measure each test point and tabulate

i. Explain your results vs. your calculations

g. Optional
i. Add a parallel resistor, probe each point in the circuit and record the voltages

2. Dynamic characteristics of the resistive circuit

a. Change the input to your circuit to be from the PWM1 output (instead of D1)

b. Drive a PWM square wave (1KHz, 50% duty cycle) into your circuit. What do you see on the scope? Capture a screen shot. 
c. Capture the peak to peak voltages at frequencies in the data collection spreadsheet.

	Frequency
	Vp-p-1
	Vp-p-2
	Vp-p-3
	Vp-p-4
	Vp-p-5

	1
	 
	 
	 
	 
	 

	10
	 
	 
	 
	 
	 

	100
	 
	 
	 
	 
	 

	1000
	 
	 
	 
	 
	 

	10000
	 
	 
	 
	 
	 

	100000
	 
	 
	 
	 
	 


3. Static resistor-capacitor circuit

a. Create an RC circuit as shown in the illustration:
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b. Use R = 1kΩ   and C = 0.1µF 
[image: image1.jpg]



c. Start with a static circuit: use an input voltage as before +3.3V DC. 

d. Probe the voltages at each point in the circuit using the Oscilloscope. Sketch your circuit and write down the voltage observed at each test point

4. Dynamic resistor-capacitor circuit

a. Connect your circuit to the PWM1 (instead of +3.3V DC)
b. Connect the scope to A1+ for the capacitor output

c. Connect the scope to A2+ for the PWM1 signal
d. Drive a square wave at 1 KHz into your circuit on the PWM1
e. Display both channels of the scope (input PWM signal and output on the capacitor)
f. What are your observations? 
g. Repeat for values in the table below recording the peak to peak voltage

h. What is happening? What is the mean signal value?

	Frequency
	Vp-p-1
	Vp-p-2
	Vp-p-3
	Vp-p-4
	Vp-p-5

	1
	 
	 
	 
	 
	 

	10
	 
	 
	 
	 
	 

	100
	 
	 
	 
	 
	 

	1000
	 
	 
	 
	 
	 

	10000
	 
	 
	 
	 
	 

	100000
	 
	 
	 
	 
	 


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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