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A. Unit: Electricity & Magnetism
Lesson: Electromagnetic Fields
______________________________________________________________________________
B.  MSDE and Project 2061 Standards
      Maryland Core Learning Goals

· Goal 1: Skills and Processes

The student will demonstrate ways of thinking and acting inherent in the practice of science.  The student will use the language and instruments of science to collect, organize, interpret, calculate, and communicate information.

3. Expectation: The student will carry out scientific investigations effectively and employ the instruments, systems of measurement, and materials of science appropriately. 
5. Expectation: The student will use appropriate methods for communicating in writing and orally the processes and results of scientific investigation.
7. Expectation: The student will show that connections exist both within the various fields of science and among science and other disciplines including mathematics, social studies, language arts, fine arts, and technology.
· Goal 5: Concepts of Physics

The student will demonstrate the ability to use scientific skills and processes (Core Learning Goal 1) to explain and predict the outcome of certain interactions which occur between matter and energy.

2. Expectation: The student will know and apply the laws of electricity and magnetism and explain their significant role in nature and technology.
7. Expectation: The student will show that connections exist both within the various fields of science and among science and other disciplines including mathematics, social studies, language arts, fine arts, and technology.
Project 2061 Benchmarks: 4G: The Physical Setting/Forces of Nature

· Grades 9-12: #5
Magnetic forces are very closely related to electric forces and can be thought of as different aspects of a single electromagnetic force.  Moving electric charges produce electric forces.  The interplay of electric and magnetic forces is the basis for electric motors, generators, and many other modern technologies, including the production of electromagnetic waves.                                                                                                                                                                          
______________________________________________________________________________
C.  Lesson Objectives: 
· Students will discover the relationship between moving magnets and moving electrical charges by experimenting with magnets & circuits.
______________________________________________________________________________
D.  Opening Activity/Drill

· As students enter: welcome them, and take attendance
· Drill:  
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1. What is the total resistance? ← 92 Ω
2. Add an ammeter to the circuit. ← anywhere works as long as it is in series
3. Use Ohm’s Law to predict the current. ← I = V/R = (12 V) / (92 Ω) = 0.13 A
4. Add a voltmeter to measure the voltage across R1. ← it must be connected in parallel with R1 
5. Use Ohm’s Law to predict the voltage across R1. 
← V =  I R = (0.13 A) (32 Ω) = 4.2 V
Where is the current highest in this circuit? ← it is the same everywhere
· The teacher roams around the room checking drills and answering questions.  

Modifications:  The drill we be on the board and read orally.  Individual assistance will provided as needed.
______________________________________________________________________________
E.   Development

· Engagement of Students: 
· When a student finishes the drill they are given 6 ceramic magnets to experiment with.

· Students are asked to write and/or draw everything they can discover about magnets.  

· How do magnets make other magnets move without touching?

· When do they repel and when do they attract?

· Today we learn the principle that makes electric motors possible. Tomorrow we build motors, and then we take a test.  
Modifications:  Students are encouraged to ask questions.
______________________________________________________________________________
· Exploration Activities
· Question Sequence: Moving Magnets and Charges (attached)
· Including

· Playing with magnets

· Using iron filings to see magnetic field lines

· Using a compass to see magnetic fields caused by moving charges

· Using an ammeter to see the current caused by moving magnets

Modifications:  The teacher will circulate reading directions and answering questions.   Extra processing time will be allotted.  
______________________________________________________________________________
· Explanation (Notes):  
· Amazing job.  You figured out everything I was supposed to teach you.  Now we’re going to summarize everything you just told me. 

· The notes are on p. 4 (they can be printed, and displayed as an overhead)

Modifications:  Students who need extra time will be given it.  The notes will be written on the board and delivered orally.  The notes are also available every day before and after school.   
______________________________________________________________________________

· Extension
· Use nails, wires, & batteries to pick up paper clips

· Draw & Write (#10 & #11 on the Magnetic Fields worksheet):
1. How do you know that moving magnets make electric fields?

a. Draw a diagram of the experiment.

b. Explain how the experiment shows that moving magnets make electric fields.

2. How do you know that moving charges make magnetic fields?
a. Draw a diagram of the experiment.

b. Explain how the experiment shows that moving magnets make electric fields.

Modifications:  The instructions will be relayed orally and written on the board.  Students who need extra time will be given it.  Teacher assistance is available as time permits during class.  Additional assistance is available every day before and after school.
______________________________________________________________________________
· Evaluation/Assessment
· Check off the drills.

· Collect the magnet observations.
· Oral feedback during the question sequence

· Magnetic Fields will be collected during the next class period
Modifications: Students who require a modified work load will not be assigned all the questions. Additional teacher assistance is available.

______________________________________________________________________________

F. Closure
· What do moving electrons do to a compass? → They make the needle move.
· What do moving magnets do to the current an ammeter measures in a circuit? 
→  They make it change.

· Do moving electrical charges and moving magnets have anything in common? 
→  They make each other move.
· Excellent!

Modifications:  Extra think time will be allowed for processing

______________________________________________________________________________

G. Home Assignment
·  Worksheet: Magnetic Fields
Electricity Notes (Continued):

7. Electromagnetic fields: how charges and magnets can push each other without touching

a. Magnets: always make a magnetic field

i. north and south poles, opposite poles attract, like poles repel

b. Electrons: always make an electric field

i. positive and negative charges, opposite charges attract, like charges repel

c. Moving magnets also make electric fields

i. ex: the pulling the magnet through the loop of wire made a current

d. Moving electrons also make magnetic fields

i. ex: the electromagnet

e. Electric and magnetic fields are linked

i. if one kind changes that makes the other kind change too
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