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Conductors, Semiconductors, and Insulators
Sample Lesson for Secondary Grades

Dennis W. Sunal

The University of Alabama
Student Alternative Conceptions (Misconceptions) Addressed by the Lesson:
1. Materials are either a conductor or a non conductor

2. A conductive material always conducts electricity.
3. Conductors cannot change their conductivity.
4. Lights can only by turned off and on with a switch.
5. Only incandescent bulbs produce light in an electrical circuit.

Lesson Goal:  Students will investigate the differences in conductivity of materials, design a variety of complete circuits, and observe the differences between the manner in which light is produced in an incandescent light bulb, and an LED.
Prerequisites:  Students are familiar with the concepts of an electric circuit, metal and nonmetal, charged particle, and solution.  Students should be able to light a bulb using a battery, and a wire.

Content Accommodations:  State Standards:  Grade 6: #26-28,46-49, 51, 52; Grade 7: #38-41, 56-60, 62, Grade 9: #43-45, 61-64, HS Physics: #25-34, 55-58 (from Alabama Course of Study- Science). No additional areas need to be added.
Safety Accommodations: Students should be warned about touching wires that are warm (short circuit) and not to taste any substance.
Exploration - Begin Lesson
Objectives: 

Students will make predictions and then test them regarding conductivity in solids and liquids.

Students will make conductivity predictions of the various materials (solid or liquid), design a conductivity test, and record observations of the results.

Students will describe differences in properties between conductors and semiconductors.

Materials:  For each group:


one 9-volt battery


one 12-volt light bulb with pig tails


one 14-volt LED with leads


samples of conductors


samples of insulators


samples of semiconductors from kit (optional)


separate beakers containing:



distilled water, 2) distilled water + salt, and 3) distilled water + sugar
paper towels


beaker of distilled water for rinsing connectors


paper for recording results

Procedure:

A.  Place the students in groups of four and assign roles:  materials manager, observers (two), and a data recorder.

B. Describe the materials and instructions needed for the groups to carry out the activity of testing the conductivity of various materials in C and D below.

1. Distribute batteries, bulbs, and wires to the groups.

2. Have the students light the bulb in a simple circuit.

C. Begin investigations

1. State the key questions:  “What solids allow the bulb to light?”  “Can liquids allow the bulb to light?”  Can you find a way to guess, or predict, why some of the materials allowed the bulb to light, and some did not?”  Use the same questions concerning  an LED.

2. Decide predictions and write them down.  Then, begin the group activity

D.
Ask the groups to do the following activity and write down what they find.  The data could be recorded in a data table.

1. Begin by asking the question:  “Can you construct a circuit so that the bulb can be lit and use this circuit to test which materials are conductors, and which are insulators?”

2. Test a variety of materials by placing them in the circuit (make sure that the rest of the circuit remains intact).  You might begin with a penny, and then replace the penny with a variety of materials.  Rate the conductivity as good, poor, or none.

3. Next, using the beakers of liquid, test to see which solutions allow the bulb to light .


In each test, the probes in the solution should be kept the same distance apart.  After each test, be sure to rinse the probe wires in the plain non-testing distilled water  and dry them.  Remember, the solutions are to be placed in the same position as the solid materials were in the circuit.  Once again, record the conductivity as good, poor, or none.

E. Continue with the following activity in the groups:  Ask them to;

1.  Construct a simple circuit with the battery, LED, and connectors.  Make sure the LED lights.

2.  Reverse the poles connecting to the LED.

3.  Record the results.

4.  End with the question:  “Why did the conductor (LED) only light when the leads were connected in one way?”

F.  Ask each group to discuss the results of Activity D and E, and the questions from Activity C.1. and E.2. above.

Evaluation:  Each group of students will have completed all predictions for the Exploration activities.  Their predictions should be evaluated for their prior knowledge and you should monitor their participation in the group by observing if the groups stay together while working, and each person performed their assigned role in the activity.

Invention - Continue Lesson
Objective:  The students will use their concept of semiconductive materials to demonstrate how diodes work in a simple circuit and in testing conductivity.

Materials:  To be given to each member of the class:


Diagram of a diode


Handout covering semiconductive materials and diode construction


    To be given to each group in the class:

For each group:


one 9-volt battery


one 14-volt LED with leads


samples of conductors


samples of insulators


samples of semiconductors from kit (optional)


separate beakers containing:

1) distilled water, 2) distilled water + salt, and 3) distilled water + sugar


paper towels


beaker of distilled water for rinsing connectors


paper for recording results

Procedure:
A.  Place the students in groups of four as was done in the exploration

B.  Have the groups present their answers to the questions posed in the Exploration.

C.  Discuss the various answers as a whole class, writing the responses on the board, if so desired.  Ask students for their ideas as to why the diodes worked only part of the time.

D.  Discuss operational definitions of conductors and non-conductors; include the direction of electron flow in a DC circuit.

E.  Hand out the diode diagrams and the semiconductor fact sheet.  Discuss these with the whole class.  Describe the properties of semiconductors with the class.  Allow the groups to work on the questions located on the diode diagrams.

F.  Ask the class the following thought questions:  “Why did the distilled water not work as a conductor, but the distilled water + salt worked well?”  “Which lead of a LED represents the n  region, and which one represents the p region?”

G. Repeat this activity:  Describe for the students the materials and instructions needed for student groups to carry-out the activity of connecting the power source to a light bulb and an LED.

1. State the key question:  “Are the properties of a light bulb and an LED the same in terms of circuit requirements?”

2.  Here is the problem:  If you connect the battery to the light bulb, does it matter which poles of the battery are used?  What about the LED?  Make a prediction of the outcome.

3.  Ask the students to follow these directions.  Try out your guess using the 9-volt battery, the 12-volt bulb with pigtails, and the 14-volt LED with leads.  If your guess didn’t work, try to decide why based on your knowledge of conductors, insulators, and semiconductors.  Record all work.

4. End with the question:  “Why did the LED only light when the leads were connected in one way?”  Have the groups discuss their answers.  Refer to the hand outs.

H. Repeat the procedures from Activities C and D in the Exploration using the LED instead of the bulb.(note:  reversing the lead of a diode will cause the LED not to light, even with a conductor in the circuit).   Ask the groups to do the following activity and write down what they find.  The data could be recorded in a data table.

1. Begin by asking the question:  “Can you construct a circuit so that the LED can be lit and use this circuit to test which materials are conductors, and which are insulators?”

2. Test a variety of materials by placing them in the circuit (make sure that the rest of the circuit remains intact).  You might begin with a penny, and then replace the penny with a variety of materials.  Rate the conductivity as good, poor, or none.

3. Next, using the beakers of liquid, test to see which solutions allow the LED to light .


In each test, the probes in the solution should be kept the same distance apart.  After each test, be sure to rinse the probe wires in the plain non-testing distilled water  and dry them.  Remember, the solutions are to be placed in the same position as the solid materials were in the circuit.  Once again, record the conductivity as good, poor, or none. Have the groups discuss their answers.

Closure:  See student handouts 1 and 2.

Expansion -Complete Lesson
Objective:  The students will apply their knowledge of conductors, insulators and semiconductors to construct circuits using an LED and a light bulb and describe how these ideas are used in everyday life.

Material:  For each group:


one 9-volt battery


one 12-volt bulb with pigtails


one 14-volt LED with connecting leads

Procedure:
A.  Place the students in groups of four and assign roles:  materials manager, observers (two students), and a recorder.

B. Describe for the students the materials and instructions needed for student groups to carry-out the activity of connecting the power source to the light bulbs and LED’s. Ask the students to construct one series and one parallel circuit using both the bulb, and the LED. Ask them to construct a series/parallel circuit of their own design.  They should diagram and explain how each circuit performed.

C. Student groups should also discuss and describe how semiconductors can be used in everyday electronic devices.  

D.  Discuss the results of the groups with the whole class.  The teacher can summarize the results on the board.

E.  Summarize the results by stating that at the beginning of the activities, the students may not have known the real difference between a conductor, insulator, and a semiconductor.  By making circuits with different materials, they should be able to apply these terms to everyday objects.  They should also be able to able to describe how semiconductors can be used in everyday electronic devices.

Evaluation:  Have the students work in their groups to come up with an answer to the following question:  “How can semiconductors be used as switches in a computer?” Have the groups write down their answers to turn in.

Student Handout #1
Semiconductor Fact Sheet

Semiconductors


A semiconductor is composed of substances such as silicon or germanium that have electrical conductivity capabilities in between that of an insulator and a conductor.  They can either resist or easily pass the flow of electric current.  One area of a piece of silicon can be chemically treated with phosphorus, arsenic, or antimony to make a region, which has extra electrons, called n type.  However, if we treat silicon with boron, indium, or aluminum, it has a lack of electrons, and is called p type.

The Semiconductor Diode

The semiconductor diode is a two terminal device.  In one direction, through the device from the p to the n region, the diode conducts readily, presenting low resistance to current flow.  In the opposite direction the semiconductor diode presents a high resistance to current flow.


A pn diode consists of a single block of semiconductive material to which two leads are connected.  One of the leads is connected to the n material, in which there are numerous electrons, which carry current.  The second lead is connected to the p material easily by the motion of electrons through it.


The plane separating the p material from the n material inside the diode is called the pn junction.  When voltage is added to the system, there is a flow of current into and out of the junction.
Student Handout #2
THE SEMICONDUCTIVE DIODE
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pn junction            
1.
Where is there an excess of electrons?

2.
Where is there a lack of electrons?

3.
Label the direction of the current flow in the diode (on the diagram).

4.
Why does the current flow in that direction?

