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	Author(s): Nathan McCray  
	Date: 03/15/2013

	Title of Lesson:  Inductors 

	Grade Level: 4 – 12


	Core Components

	Subject, Content Area or Topic: 

 Physics, Electronics, Science, Math   


	National/State Standards: (Assign as needed based on your state standards) 


	Common Core Standards: (Assign as needed based on your state requirements) 

http://www.corestandards.org/



	Vocabulary: (Teacher add as needed based on your curriculum and learning requirements)

	Learning Objectives (What will the students learn and/or demonstrate?)
The objective of this activity is for the students to explore inductors.


	Materials/Resources
· D Cell battery
· Enamel coated wire 

· Small file or sandpaper 

· Iron nail or spike (have various sizes available)
· Tape

· Small pieces of wood (1”X1” should work) 
· Paper clips (Have various sizes and ensure they are ferrous)  



	

	Prerequisite Understanding: 
· Conductors and Insulators 
· Basic Electricity 
· Current 
· Ohm’s Law 
· Magnetism 



	Process Components

	Anticipatory Set:

(“The Hook” -- something to excite the student about the subject matter)
This lesson acts as an anticipatory set that you would use before getting into a deeper understanding of inductors.  Your class will be making and testing inductors!  Fall the steps below. 

Before this activity ask your students this: How does the traffic light know your car is in the left turn lane and allows the light to turn green? Brainstorm some ideas and save them to compare what they have learned about inductors.  


	Instructional Input or Procedure (Input, modeling, and checking for understanding)
*Note, you may demo this first, then have your students do this. Or, if you feel comfortable, have your students conduct the experiment with you at the same time. . 

Directions: 

1. Ensure the students (they can each do this experiment or one per small group) have the material for the experiment. 
2. Cut a piece of enamel coated wire (enough to wrap the entire length of the nail and have some left over at each end. 

3. Sand or file about a half inch of wire at each end (If you don’t the experiment will not work!) 

4. Tightly wind the enamel coated wire around the entire length of the nail. (You may leave about 1/8 inch of nail exposed at each end)  

5. Ensure about 2 -3  inches of wire is left at each end so you can connect the leads to the battery 

6. Attach one lead to the positive (+) side of the battery and the other end to the negative (-) side. 

7. It should only take a few seconds to create a magnetic field with your newly made electromagnet.  

8. Place coil near a pile of paper clips and they should be attracted to your magnet.

9. You may want to use an insulator to hold the wire to the battery as it will get hot. That is what the wood is for.  

Questions:

· Why was a magnetic field created? 

· What do you think would happen if you used a thicker nail? What if you used non-conductive material as the core? 

· What might happen if you used thicker or thinner wire? 

Talk with your students about what they are observing.  



	Guided Practice

· Have your students use different core material and try the experiment again. 

· Continue to remind your students about safety! 

· Have your students use thicker wire for the winding if you have some available. The point is to show how the inductor changes with changes to the core material and wire.
· Have your students note the changes when they construct a different sized inductor.  


	Independent Practice
Suggest some measurements your students might make, but leave the majority of the measurement techniques up to them.
Some suggestions:

· Probes across individual fingers.  1.8 meg

· Probes held between thumb and finger, one in each hand.  1.4 meg

· Probes from the skin on the ankle and skin on hand.  Off scale

· Dry skin versus moist skin.  Dry 1 meg, moist 96k

· Lightly touching ht probes compared to a firmer grasp on the probes.  Light 1 meg, firm 300k

The lesson here is that body contact with the probes during measurements can influence the ohmmeter reading and should be avoided, particularly when measuring high values of resistance.  


	Assessment/Closure



	Assessment (Pre, post etc…) 

What is inductor? 
Name three factors that determine inductance.   
What inductor would have a stronger magnetic field; an air core inductor or iron core inductor? Why?   


	Enrichment: 

Have your students’ complete math exercise using the formula listed below. 

	Resources/References 

http://www.arrl.org/files/file/Technology/tis/info/pdf/9708033.pdf
http://www.arrl.org/shop/Basic-Electronics-Course-and-Kit
ARRL Handbook  Pages          2.49 – 2.55
Understanding Basic Electronics pages 9.16 – 9.27
http://blog.makezine.com/2009/11/09/make-presents-the-inductor/
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v=Lg—

Where,

v = Instantaneous voltage across the inductor
L = Inductance in Henrys

di
—— = Instantaneous rate of current change
dt  (amps per second)








*Every lesson is different so you may not have to fill in all areas. 
	Notes: 
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Positive (+) lead to long lead on LED 
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