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CONCEPT


This unit will introduce you to photocells, transistorized light meters and direct current (DC) motors.


OBJECTIVES


In this unit you will:


Become familiar with the operation of a photocell.


Assemble a sensitive light meter using a single transistor for amplification.


Assemble a motor/photocell circuit.


Design a system using a motor and photocell.


SCIENCE  PROCESS  SKILLS


�
Observing


Measurement


Communication


Inferring


Hypothesizing


Design An Experiment


Predicting


Discerning Patterns


Group Decision Making


Communication�
AAAS  SCIENCE  BENCHMARKS


�
1B	Scientific Inquiry


3A	Technology and Science


4E	Energy Transformation


4G	Forces of Nature


8C	Energy Sources and Uses


�
SCIENCE  EDUCATION  CONTENT  STANDARDS (NRC)


�
Grades 5-8:


Transformations of Energy


Grades 9-12:


Conservation of Energy


Interactions of Energy and Matters


Forces and Motion


�
STATE SCIENCE CURRICULUM FRAMEWORKS:


Grades 5-8:	1.1.9, 1.1.10, 2.1.9, 3.1.19, 3.1.20, 3.1.23, 3.1.24


Grades 9-12:	1.1.20, 1.1.23, 2.1.13, 2.1.14, 3.1.32, 3.1.33, 3.1.34, 3.1.39, 3.1.43, 3.1.44


DIGITAL LOGIC ACTIVITIES


Materials  Per  Group (Pair)


�
Breadboard


Flashlight


9-volt battery clip


NPN transistor (2N2222)


9-volt battery


220 ohm resistor


LED


1 Megaohm potentiometer


Photocell


DC motor�
KEY QUESTIONS


Does the current increase or decrease, when the intensity of light falling on photocell increases?


What is the function of a transistor in a light meter?


Why does the D.C. motor run faster, when you shine a flashlight directly on to the photocell?


MANAGEMENT  SUGGESTIONS


Have the students examine each component separately. LEDs and motors should be tested separately before use. LEDs work in only one direction. Make sure that, if an LED does not light, that the polarity is reversed. 


SAFETY  CAUTIONS


Electricity always carries a potential for shock. Use caution when working with batteries.


Electrical components sometimes get hot enough to cause burns.


Components and wire have sharp points and, if handled improperly, can puncture the skin.


PROCEDURES


Activity 1:  The  Basic  Light  Meter


Using your breadboard, assemble the circuit shown in Figure 1. Place the photocell in a position such that light from a flashlight or light bulb can shine on it.


Apply a voltage by connecting the 9-volt battery. Dim the room lights and adjust the one megaohm potentiometer until the LED just begins to glow.


Shine a flashlight (or other suitable light source) directly onto the photocell. Now, the LED should glow brighter. Continue to adjust the one meg potentiometer and light source to get  the most sensitive reading.


Summary/Discussion


Do not be surprised if your light meter is not very sensitive. Without an amplifier to aid in boosting the low current level we are not going to have a very sensitive device.


The photocell is a variable resistor. In the dark its resistance may be in the millions of ohms.  When light shines on the photocell its resistance drops to a few hundred ohms and, therefore, allows more current to flow in the circuit. Thus, as we have more light, there is less resistance, more current, and a brighter LED.


What could a circuit like this be useful for? 


Is the flashlight supplying the power to light the LED?  (No, the battery is supplying this.)


�


Figure � SEQ Figure \* ARABIC �1�:  Schematic for Activity 1


Activity 2:  The  Transistorized  Light  Meter


Using your breadboard, assemble the circuit shown in Figure 2. Again, place the photocell so light can shine on it.


Apply voltage by connecting the 9-volt battery. Dim the room lights and adjust the one megaohm potentiometer until the LED just begins to glow. 


Shine a flashlight directly onto the photocell. Now the LED should glow brighter. Continue to adjust the one meg potentiometer and light source to get the most sensitive reading. Now, the circuit should be more sensitive to light.


You should be able to turn on the LED with a flashlight from over twenty feet away.


Summary/Discussion 


Light striking the photocell decreases the photocell's resistance and permits a larger current to flow. This current, which is quite small at low light levels, is amplified by the transistor.


The one meg. potentiometer is used to adjust the current flow under a given light condition.  Of course in building a practical light meter the LED would probably be replaced with a milliammeter.


�


Figure � SEQ Figure \* ARABIC �2�:  Schematic for Activity 2


Activity 3:  Assemble A Motor/Photocell Circuit.


Leave the set-up in activity 2 as it is. Now connect the D.C. motor in the circuit as shown in Figure 3. The positive terminal of the D.C. motor should be connected to the emitter lead of the transistor (lead closest to the notch on transistor is the emitter,  middle lead is the base and remaining lead is the collector.) and negative terminal of D.C. motor should be onnected to the negative terminal of the 9-volt battery.


Apply voltage by connecting the 9-volt battery. Again, dim the room lights and now the D.C. motor should turn on if the LED is glowing.


Shine a flashlight directly on to the photocell. Now, the D.C. motor should run faster, if the LED is glowing brighter.


Summary/Discussion


There could be many practical applications of such a circuit. One application would be to control a fan by varying light on a solar detector.


�


Figure � SEQ Figure \* ARABIC �3�:  Schematic for Activity 3


Activity 4:  Open Ended Design


Using the materials in this lab, design and build a potentially useful machine. Describe the application.
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List Of Suppliers


All Electronics Corp.  -  call 1 - 800 - 826 - 5432


Digi-key Corp.  -  call 1 - 800 - 344 - 4539


Jameco Electronic Components  -  call 1 - 800 - 237 - 6948


Newark  -  For catalog call (501)- 225 - 8130


Radio-Shack  -  call 1 - 800 - THE - SHACK
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