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EQUIPMENT:

Digi-Designer

2 Photoresistors

2 Resistor boxes

Connector wire (including 4 long wires for resistor box connections).

Multimeter

3 741 Op Amps

10 1 k resistors

Alligator clip heads for banana plugs

Resistive sensors are inexpensive and easy-to-use.  Consequently, they can be found in a number of everyday systems.  This lab will look at one common resistive sensor, a photoresistor, for which resistance changes with illumination.   These devices are in many common applications, including streetlights, in which they are used to detect the onset of nightfall prompting the streetlight to turn on.  The purpose of this lab is for you to gain familiarity with resistive sensors, to understand how a resistance change is translated into a voltage signal, and to see how an instrumentation amplifier is used to bring a voltage signal into a larger system. 

1. Measure and record the resistance of a photoresistor that is exposed to the ambient light in the room.  Repeat with the photoresistor blocked from the light (the lab will go faster if you establish a consistent method for blocking the sensor- like putting your cover over it).  How does light level affect the resistance?

Rphoto in light: _____________

Rphoto in dark: _____________

Response to reducing light level:  _______________________ 

2. Two circuit configurations for translating resistances into voltages are shown below.  
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Figure 1: Voltage Divider Circuit
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Figure 2: Wheatstone Bridge Circuit

3. Using the voltage divider configuration (Fig. 1), you wish to design a circuit using a 5 V source that will produce the largest possible voltage change in response to the light level varying from ambient light to dark.  The circuit should produce a low voltage in ambient light, and a high voltage in the dark.  

a. Which resistor should be replaced with the photoresistor?  
R1
R2
b. Make the substitution, and use the resistor box for the other resistor value (Rother).  Vary the resistor box for the following values and record the light and dark signals in the table below.

	Rother
	Vout (light)
	Vout (dark)
	Vout

	10 
	
	
	

	100 
	
	
	

	1 k
	
	
	

	10 k
	
	
	


c. Using what you found in the table as a guide, play with the resistor value to find the best value for optimizing Vout (it’s hard to pin down the absolute best value so don’t knock yourself out.)

“Best” Rother: ____________

Resulting Vout: ____________

d. You should see that the solution that provides the best voltage difference also has a significant voltage offset (i.e. Vout (light) is not 0 V).  Why might this be a problem?

4. This problem can be addressed by the Wheatstone bridge (Fig. 2), in which two of the resistors are replaced by sensing resistors.   Using the Wheatstone Bridge, design a circuit using a 5 V source that will provide as close to 0V as possible in ambient light and still a high voltage in the dark.   

e. Which two resistors should be replaced with photoresistors?  
R1
R2
R3
R4

f. What should the value of the other two resistors be?      _____________________

5. Build your circuit and measure its output in the light and in the dark. 

Vout in light: _________________

Vout in dark: _________________ 

Vout: _________________ 

6. Does your circuit match what you expect?  Why or why not?  What changes could you make to improve this circuit?

7. There are also problems with this circuit.  

a. First, the output is differential—neither output can be tied to the ground for the power supply – why might this be a problem?

b. Second, (this is a problem for the circuit in Fig. 1 as well) if you attach the output terminals to a current-drawing load, it will change the output voltage value.

Both of these problems can be addressed by adding an instrumentation amplifier after the Wheatstone bridge.  The instrumentation amplifier will convert the differential input into a single-ended output (“single-ended” implies that one of the terminals is tied to the system ground), while drawing negligible current from the Wheatstone bridge. 

Part II: Instrumentation Amplifier (optional)

In this part of the lab, you will build an instrumentation amplifier to convert the differential Wheatstone Bridge output into a single-ended output.  Amplifiers such these are commonly used with electronic sensors.   
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Figure 3: Instrumentation Amplifier (from Hambley)

First, use what you learned in EE331 about ideal op-amps to derive the expression for the output voltage given in the figure:

Next, build the amplifier using 1 k for all the resistors and +/- 15V supplies for the op-amps, and test it’s operation by completing the following table:

	V1 (V)
	V2 (V)
	Vo (theory)
	Vo (measured)

	0
	5
	
	

	5
	0
	
	

	5
	5
	
	

	5
	10
	
	


Finally, combine your amplifier with the Wheatstone bridge circuit.  Fine tune your system by adjusting the balancing resistors in the bridge so that your complete circuit produces 0 V in ambient light.  Record your results below:

Vout in light: _________________

Vout in dark: _________________ 

Vout: _________________ 

Now you’ve produced a sensor circuit that could be the front end to any number of interesting systems that use light.    List 2 examples of systems that might make use of a circuit such as this:

In EE332 you will learn more about analog electronics like the photoresistors and op-amps in this system, and you will learn how an analog signal such as the one produced by your light sensor circuit can be converted into a digital signal that a computer can understand.  You will learn how computers manipulate such information, and finally you will learn how electrical signals are transmitted and received.  As you go through the course, don’t forget that under all the math, there are real systems that you rely on every day.  
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