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Current Attractions: Electromagnets

Key Concepts: change, system, force, interaction

Learning goals:

Students will deepen their understanding of electromagnetism as a system, force in the interactions between masses, and change in a system.

Specific Objectives:

Students will construct electromagnets.  Students will observe magnetism that is produced by electricity flowing through a wire.  Students will find out how the number of turns of wire in a coil affects the strength of an electromagnet.

Primary Learning Target: Knowledge

Grade Level: 4th Grade

Grade Level Standards:

Physical Science GLE 1.1.4 Understand that energy comes in many forms.

Investigating Systems GLE 2.1.1. Understand how to ask a question about objects, organisms, and events in the environment.
Investigating Systems GLE 2.1.2 Understand how to plan and conduct simple investigations following all safety rules.

Nature of Science GLE 2.2.1. Understand that all scientific observations are reported accurately and honestly even when the observations contradict expectations.

Nature of Science GLE 2.2.5. Understand that scientific comprehension of systems increases through inquiry.

Assessments: 

Preassessment – asking students how to turn the steel rivet into a magnet (step one of procedures)
Formative Assessments – Current Attractions activity sheet, EALR checklist while students are working on their circuits
Summative assessments – At the end of the unit, have students create circuits that can demonstrate a variety of concepts, including electromagnetic force.
Materials:

For each group of four students:

1 Rivet

1 Electromagnet wire, 150 cm, 24-guage, insulated

1 Circuit base

1 D-cell, alkaline (can be donated by students)

1 Switch

1 Short wide, 15 cm, 20-guage, incsulated

50 Small washers, 1 cm diameter

1 Plastic cup

4 Current Attractions lab worksheet

For the class:

1 doughnut-shaped magnet

1 Roll of wire, 20-guage, insulated

1 Roll of wire, 24-guage, insulated

1 Wire stripper

1 Duplication master for Current Attractions
Room arrangement:

Students seated in groups of four facing each other.  Materials laid out on a table in the back of the room.

Teacher Preparation:

1) Familiarize self with electromagnetism, through reading and watching educational videos.

2) Schedule the activity.  You can schedule it all for one day, or for two days if you think your students would benefit from taking more time.

3) Prepare the wires.  The wires are precut in the kit.  Strip about 2cm of plastic insulation from each end of the long 24-guage wires and short 20-guage wires.  Make sure that there is enough wire for each group.  To keep track of the wires, coil them together in a zip bag.  To distribute, uncoil and hold in your hand wile the getters gently pull an individual wire free.

4) Package the small washers.  Count out 50 small washers per cup, one cup per group.  It is faster to count out 50 and then estimate the rest by weight (or use a scale).  Students can use a magnet to pick up washers if they spill during the activity.

5) Set up the materials station in the back of the room.

6) Make copies of the Current Attractions lab sheet.  Make one copy per student (but you could do one per group if you wanted).  Modify and make copies of the Current Attractions lab sheet so that students can test other variables besides the number of coils.
Caution: Make sure to remind students to keep their circuits open except while the students are actually conducting one of the tests, because the electromagnets will drain the D-cell quickly if they are continuously connected to it.

Procedures:

1) Test the rivet for magnetism.  Show the students the cup of small steel washers and demonstrate how you can pick them up with one of the doughnut-shaped magnets.  Show the students the steel rivet and ask them how they could test to see if it is a magnet.  Ask one student to come up and test the rivet with the washers.  The students should all agree it is not a magnet. Suggest that it might be possible to make the rivet into a magnet.  Ask students what they think we need to do to turn the rivet into a magnet.  Accept all answers.  (accessing prior knowledge, pre-assessment).
2) Ask, What do you think will happen if we hook the ends of the wire wrapped around the rivet into an electric circuit?  Listen to their answers, and then suggest that they try it. [prediction] Pull out a 150 cm insulated wire and demonstrate how to wrap the wire around the rivet tightly between the round head and the first rubber washer to form a coil.  [At this point, use the realia in conjunction with the word, definition, and illustration on the science wall to reinforce new vocabulary].  Start with about 15 cm of wire sticking out at the beginning of the coil.  Demonstrate coiling the wire around the rivet exactly 20 winds.
3) Have the getters get a rivet, wire, and cup of washers for their groups. 
4) Let the winding begin.  Write the number 20 on the board so they remember how many winds to put on the rivet.

5) Have the getters get a circuit base, D-cell, switch, and 15 cm wire for the group.

6) Let students assemble their circuits.  Provide an illustration on the whiteboard if students are not comfortable with building circuits yet, but if they are doing this lesson they should be.  Allow plenty of wait time.  

7) Have students test for magnetism once they have finished winding and building their circuit.  Once students have put together the circuit, they will be able to see that the closed circuit makes the rivets magnetic.  Remind students to keep the circuit open when they are not using the electromagnet because the electromagnet drains the D-cell. [disequilibration]

8) Explain to the students that they have made an electromagnet by supplying electricity to a coil wound around a core.  [again, take the time to reinforce new vocabulary on the science wall].  Have students think-pair-share about how the electromagnet is different from their permanent magnets (the doughnut-shaped ones).  Have students think-pair-share about when the rivet is a magnet and what causes the magnetism to go away.  [elaboration]

9) Give students a few more minutes to use their electromagnets so they can more fully understand how they operate. [elaboration]

At this point, the students could put away the supplies to continue the activity another day, or you could keep going.

10) Investigate the strength of the magnetism.  Ask the students to find out how many washers they can pick up with their electromagnet.  Have students test the 20-wind electromagnet they have made.  Have the getters get a cup of washers and a lab sheet.  Have the readers count the washers that the magnet lifts.  Ask students to do three trials but have them record the last one on the Current Attractions lab sheet.  Let them try to figure out their own procedures for accurately picking up and counting the washers, but if some groups are struggling with finding an efficient way, demonstrate and post the following procedure.

a) Pour the washers into one of the wells on the circuit base.


b) Close the switch on the circuit board to complete the circuit.


c) Stir the rounded head of the electromagnet in the washers.


d) Without touching the washers, carefully move the electromagnet over to the empty well on the circuit base.


e) Open the switch to release the washers.  
f) Keep the switch open when you are not using the electromagnet.

11) Ask students, How many washers do you think you could lift with an electromagnet made with 30 winds of wire?  Have students think-pair-share.  Propose doing an investigation to find out.  Tell students to add 10 more winds of wire to their rivet to make a total of 30 winds.  Have students do three trials, recording the last one on the lab sheet [prediction and disequilibration].

12) Have the students compare the loads of washers they lifted with the two different electromagnets.  Ask, Does the number of winds of wire on an electromagnet affect the number of washers you can lift?  Have students think-pair-share. [elaboration, crystallization]

13) Have students predict how many washers they will be able to lift if they make and electromagnet with 40 winds of wire.  Have them record their predictions on the lab sheet. [prediction]

14) Let students make the 40-wind electromagnet and check their predictions.  Again, let them do three trials and have them record the third trial.  

15) Graph the results by coloring in the washers in the graphic on the lab sheet.

16) Ask students What other variable that might affect the electromagnet’s force (how many washers it can pick up).  Have students think-pair-share about other variables.  Have each group choose a possible variable to test.  Have the getters pick up the modified Current Attractions activity sheet.  Have each group write down what variable they will test and then let them mess around with the circuits some more.  Have them record data on the modified Current Attractions activity sheet.  Have them graph the number of washers that they pick up as they test their new variable.  Have them determine whether or not this variable affects the strength of the electromagnet.
17) Ask the students to take their circuits apart and to unwind the wire from the rivets  Have getters return and sort the materials at the material station.  Leave ample time for cleanup so that the materials can be ready for the next class to use them.
18) Lead a class discussion so that students can reflect upon the reflection questions.

Reflection questions:

1) Which electromagnet picked up the fewest washers?  The most washers? (recall)

2) What materials do you need to make an electromagnet? (recall)

3) How are permanent magnets and electromagnets alike?  How are they different? (integrating)

4) What are the advantages and disadvantages of using electromagnets? (integrating)

5) What can you use and electro-magnet for? (open-ended)

6) How can you make a stronger electromagnet? (concept question)

Accommodations:

Think-pair-shares to practice speaking and listening, using vocabulary in context, and to elaborate and crystallize new information about electromagnets.

Vocabulary scaffolding for ELL’s: Put the words, illustrations, and definitions for coil, core, electromagnet, and magnetic on the science wall.  Have students copy them into their word books

Allow plenty of wait time when asking questions, and when allowing groups to assemble their circuits.

Provide visual aids in addition to demonstrations.  Post instructions in addition to saying them.
Demonstrating the procedure while explaining it (providing a visual aid)

Current Attractions lab sheet has a large visual organizer for graphing the power of magnets with different amounts of coils.

