Traffic Lights and Magnetic Fields 

Overview

During this activity students  learn  how traffic detection systems use magnetic induction. Students use an inductive approach to gain a conceptual understanding of  inductors, magnetic permeability and electromagnetism. The magnetic field sensor used in this activity gives students a graphical representation of the strength of the magnetic field.

Standards

Physical Science.11 The student will investigate and understand basic principles of electricity and magnetism. 

Physics.12 The student will investigate and understand how to use the field concept to describe the effects of electric, magnetic, and gravitational forces.

Advantage of Technology

The advantage of using a sensor is that students are able to quantitatively measure the strength of a magnetic field.

Materials

Vernier Lab Pro Interface

Magnetic Field Sensor

A TI-83 or TI-82 Calculator or a computer with Logger Pro on it

A DC power source

A solenoid

Materials to affect the magnetic field (rubber stop, stainless steel bolt, brass bolts, pieces of wood or pure iron)

Procedure

Background

Intelligent traffic systems sense the presence or lack of presence of vehicles and react accordingly. The idea behind intelligent traffic systems is to reduce the amount of time drivers must spend unnecessarily waiting for traffic signals to change. Intelligent traffic systems detect traffic in many different ways. Older systems used weight as a trigger mechanism. Many newer traffic systems react to motion or use electro-magnetic induction to trigger the light changes. Once the sensor picks up the presence of a car the computer algorithms of the system calculate and set the appropriate signal changes. 

Whenever current passes through a wire, it generates a magnetic field in a circular pattern around the wire (see Figure 7).
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Figure 7. Model of the circular magnetic field around a wire.


Because the magnetic field around a wire is circular and perpendicular to the wire, an easy way to amplify the wire's magnetic field is to coil the wire, as shown in Figure 8. 
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Figure 8. Model of magnetic field around coiled wire.

By making several loops and creating a coil of wire, a focused magnetic field can be created inside of the coil (see Figure 9). This is how electromagnets are created. Coils of wires are also referred to as inductors.
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Figure 9. Model showing how a magnetic field is created inside coiled wire.

The magnetic field generated by an inductor is controlled by several factors: 

1. The number of coils (N) per unit length (L).

2. The material the coils are wrapped around ((). Putting iron in the core of an inductor gives it much more inductance than would air or any non-magnetic core.

3. The amount of current passing through the coil (I).

4. The permeability of free space ((o)

The strength of a magnetic field is measured in Tesla (T). 
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The other measurement for magnetic field is Gauss.
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Coils of wire are also referred to as inductors. The inductance of a coil is determined by the following:

1. The cross-sectional area of the coil (A).

2. The number of coils (N) per unit length (L).

3. The material that the coils are wrapped around ((). Putting iron in the core of an inductor gives it much more inductance than would air or any non-magnetic core.

4. The amount of current passing through the coil (I).

5. The permeability of free space ((o)

The standard unit of inductance is the Henry (H). The equation for calculating the number of henries in an inductor is:
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This activity requires the use of  a TI-83 calculator or computer, Vernier Lab Pro, the Vernier magnetic field sensor for the Lab Pro, a solenoid, and a power source. Students can make their own solenoids using a pre-wound spool of copper wire. The magnetic field sensor should be set up perpendicular to the open end of the solenoid. The side with the white dot should face the solenoid (this is the field detector and should be oriented so that the magnetic field lines pass through it). A stand and clamp should be used to hold the magnetic field sensor in place. If a power source and solenoid are not available, three batteries in series and a spool of copper turning wire can be used. The wire should be wound around a spool with at least a 1-inch diameter hole. The coil of wire should be positioned so that the end to which the positive wire is connected is positioned away from the magnetic field sensor.
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Chemical Composition and Magnetic Field Strength
 The   students pass different pieces of material between the solenoid and the sensor. Make sure they adjust the position of the magnetic field sensor so that there is about a half inch of space on either end of the material they are using. Ask students to identify how the magnetic field changes for each object passed between the probe and solenoid? This is so that students inductively discover that materials affect the magnetic field dependent on how ferrous they are.

Geometry and Magnetic Field Size?
 The students then place a long piece of ferrous metal between the solenoid and the sensor. First place it perpendicular to the opening of the solenoid. Next they hold it parallel with the opening of the solenoid. Again ask students to identify how the magnetic field changes in each instance? After completing this part of the activity the students will see that the geometry of the object extends the magnetic field.

Give students a diagram illustrating the magnetic field lines generated by an induction coil. Explain that the more field lines that pass through the magnetic sensor the stronger the reading will be. Ask students to fill in the magnetic field lines, on the right side of the diagram that has a piece of iron in between the sensor and the solenoid and write a brief explanation of what is happening in their diagram. Help your students understand that the metal object is acting like a “funnel” and causing the magnetic field lines to squeeze together so that more lines pass through the sensor (Figure 2). At this point in the lesson students should be ready for a formal description of magnetic permeability.  
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Figure 1: Diagram students complete to show what happens to the magnetic field lines
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Figure 2: The “Answer” for the above question

Electromagnetic Inductance
Introduce the concept of inductance to your students. Provide them with the formulas for inductance and magnetic field . Have the students compare the inductance formula and the magnetic field formula. How are they similar? How are they different? Do you change the inductance when you change the magnetic field produced by the inductor and vice versa? Under what conditions does one change the other?
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Modifications 
This activity could be expanded to have students examine the factors that affect the magnetic field produced by the inductor. Use this inductive approach with students to introduce the formula calculating the magnetic field of an inductor or electro magnet. 

Assessment Strategies

Ask students to apply their knowledge of electromagnetic inductance to traffic detection at a stop light, For example, ask them:
“When a vehicle pulls up to some stoplights, the stoplight “knows” the vehicle is there because of a buried coil of wire in the road. There is a sensor that measures the inductance of the coil under the road. Based on what you observed in this activity, how does it “know”? Use the formulas for magnetic field strength and inductance to explain  what is happening.”

Students should be able to give an answer such as, “Once the sensor picks up the presence of a car the computer algorithms of the system calculate and set the appropriate signal changes. When a truck, which has large amounts of ferrous materials in it, parks over the buried coil of wire, it changes the inductance of the coil and magnetic field that flows through it just as the iron placed in front of the solenoid did. This is because the truck is increasing the magnetic permeability of the coil of wire.” Another question to ask the students is “Why don’t most pedal bikes trigger a traffic light detection system?”.

Curriculum Connections
Check out this sight on traffic lights and magnetic induction.
http://www.howstuffworks.com/first-time.htm?referer=question234.htm
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