Electricity & Magnetism

   
NPES Panther Pete Science Lab – Grade 5  


	Purpose:

	The purpose of this lab is to investigate the properties of electricity and magnetism.  After this lab, students will understand the difference between static and current electricity.  They will understand how an electrical circuit is created and the difference between a closed and open circuit.  They will learn how to create an electromagnet, and how an electromagnet is different from a bar magnet.



	GPS Standards/Essential Questions:

	S5P3. Students will investigate the electricity, magnetism, and their relationship. 
a. Investigate static electricity. 

b. Determine the necessary components for completing an electric circuit. 

c. Investigate common materials to determine if they are insulators or conductors of electricity. 

d. Compare a bar magnet to an electromagnet. 



	Lesson Plan:

	The lesson begins with an introduction by the Science Leader. The students will divide into four groups and rotate among four centers.  At the end of the lab, the Science Leader will briefly review what the students observed.

	Teachers:

	Please divide students into four equal lab groups before coming to the lab.  Also, at the beginning of the lab, please be prepared to identify any students who may not be photographed.  As a follow-up, a parent letter will be emailed to the CAT teams for distribution to the classes.

	Parent Volunteers:

	Please read this material, focusing especially on the center activity you have been assigned.  Please arrive at the lab 15 minutes before your class is scheduled to familiarize yourself with your center experiment.  Your role will be to ensure safety and facilitate the activity with the students at your center.  The class will be divided into four equal groups and each group will rotate through your center.   You will not be responsible for the class presentation.  The lab coordinator will do all group discussions..

	Lab Coordinator Introduction:

	As students walk in, ask them to take a seat at a table center.  Ask students to write their names on the worksheet in front of them.  

Once students are settled in their seats, welcome them to the Panther Pete Science Lab.  Introduce yourself and the parent volunteers in the room.  Tell students that this is a special opportunity for them and our parent volunteers to investigate the exciting things they are learning in the classroom.  

	Lab Center Overview and Directions:

	In your science unit, you are studying electricity and magnetism.  
· There are two types of electricity.  Can anyone name them? (static and current)  
· Static electricity is caused by friction, rubbing objects together.  The electricity does not flow; it stays in the objects, so it is called ‘static’, which means to stay in the same place.  
· An example of static electricity is lightning.   Rapid air movement causes static charge to accumulate on the ground.  A similar, but opposite charge accumulates in the air.  When the two charges become great enough, the positive and negative charges discharge across the gap in the air.  This causes lightning.  The force of the lightning also sends out compression waves in the air, causing the thunder. 
· Current electricity moves through all electrical appliances (your TV, computer, Nintendo DS) using circuits to makes something happen.  

· A magnet is a material or object that produces a magnetic field.  A “hard” or permanent magnet is one that is always magnetized, like a bar magnet (show class bar magnet).  Other magnets, like electromagnets, can lose their magnetism or turn it off.  These are called “soft” or impermanent magnets.  Magnets have the power to pull things toward them or away from them.  

In our lab today, you will study both of these kinds of electricity and also magnetism in four different activities:  

· In Center 1, you will explore the magnetism of the earth by creating your own compass.  
· In Center 2, you will explore magnetism by creating your own electromagnets.    
· In Center 3, you will examine some properties of static electricity.  
· And in Center 4, you will discover how electricity moves by constructing an electrical circuit.

You will have about 10-12 minutes in each center.  I will give you a 2 minute warning when it is time to finish up.  When I flash the lights, it will be time to change centers.  Please bring your clipboard and your pencil with you, and move to the next center.

	Center 1:  Construct a Compass 

	Introduction:

In class, you are learning about magnetism.  The Earth is actually like a huge magnet with its own magnetic field.  This magnetic field is strong enough to make another magnet turn if it is free to move.  
A magnet will always turn to point north.  The needle of a compass is a light magnet that balances on a pivot.  As you turn the compass around, the needle will always swing to point north.  If you turn the compass until the “N” for north is below the needle, it will show all the directions correctly.  

Activity:
First, we are going to take a real compass and use it to locate the north in this room.  
· Give each student a compass and give them one or two minutes to locate magnetic north, helping as needed.  Point out to the students which direction is north.  

Now we are going to construct our own compasses.  Ask students to:
· Stick a small ball of clay in the bottom of your container.
· Push your toothpick upright into the center of the clay.
· Fill the container with water, about 1 inch from the top
· Take your needle and bar magnet.  Stroke one end of the magnet along the needle about 50 times, always in the same direction.
· Tape the needle to the round foam disk.  Place the disk on the toothpick.
· The floating disk will swing around until one end of the needle points north, just as the compass needles did.
· Place your red sticker on this end of the needle.  This end points north!

Congratulations!  You’ve just made your own compass!

Note to Center Leader:  Store the magnets and the compasses away from each other – the magnets can disrupt the function of the compasses.



	Center 2:  Make an Electromagnet 

	Introduction:
Take a bar magnet and use it to pick up some paperclips on the table.  Explain to the students that this is a bar magnet.  It is a magnetized piece of metal that always carry its magnetic charge.  It is a “hard” or permanent magnet.  You can’t turn the charge off.  To release the objects, you have to pull them off, interrupting the magnetic pull.  

Stronger magnets can be made by using electricity.  This is called an electromagnet.   It is not like the ordinary bar magnet I just showed you, which is always magnetic.  You can switch the power of an electromagnet on and off.  We call this type of magnet a “soft” or impermanent magnet.  In this center, you’ll be able to experiment with one and even make your own electromagnet.

Activity 1:

· Pass out the electromagnets.  Students may need to work in pairs. 
· Have the students examine the electromagnets.  Explain:  If you take a look at your electromagnet, you will notice that there are two sections of wire at each end. These coils have soft iron inserted into the middle of them (the horseshoe shaped bar). By following the wire closely with your eye, you can also see that the coils are wrapped around in opposite directions. The coils, when carrying a current, induce two magnetic fields and force the iron to become magnetized. Each coil, because the current flows in opposite directions, creates a different magnetic pole on the ends of the horseshoe shaped iron bar.  
· Show students that the electromagnet as it is has no magnetic qualities.
· After students have had a chance to examine the electromagnet, give each group 2 alligator leads and a battery pack.  
· Have students connect one end of an alligator lead to the metal attachment on one end of the battery pack, and the other end of the same alligator lead to the end of one of the wires of the electromagnet (the end portion without the wire coating).  Do the same with the second alligator lead, attaching it to the other end of the battery pack and the second wire from the electromagnet.
· The electromagnet should now be a strong magnet.  Students can use the included metal bar to hang small weights from the magnet.  
· While a small weight is attached to the magnet, have students remove the power source (battery) by simply disconnecting one end of one of the alligator clips (it doesn’t matter where – anywhere will break the circuit).  The item should fall from the magnet.  
· The electromagnet will likely retain some mild residual magnetic properties (it may still pick up paperclips), but it is no longer strong enough to hold the weights, and the remaining magnetism will likely diminish over time.  
· Explain:  An electromagnet is a “soft” or impermanent magnet.  When the power is disconnected, the device is no longer magnetic.  

Activity 2:

Now let’s see if we can make our own electromagnets!
· Give each student the following:  Screwdriver with longer wire coiled around it, battery pack and two alligator leads.
· Connect the wire at the handle end of the screwdriver to one end of an alligator lead, and the other end of the same alligator lead to the battery pack.
· Do the same with the wire at the other end of the screwdriver, using a second alligator lead, and attaching it to the other end of the battery pack.
· The screw driver is now an electromagnet.  Place the metal end of the screwdriver above a pile of paper clips.  What happens?  (The screw drive should pick up the paper clips).
· Now turn off the magnet by disconnecting one end of one of the alligator leads (to break the circuit) and test your electro magnet.  What happens:  It can still pick up objects, but loses strength gradually.  Why?  Because the electromagnet is a ‘soft’ or impermanent magnet.  It will eventually lose strength.

Explain:  The coil of wire wrapped around the base of the screwdriver creates a magnetic field when electricity flows through it.  
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	Center 3:   Static Electricity

	At the beginning of the lab, we discussed how there are two kinds of electricity, static and current.   Static electricity is a non-moving electric charge, created by moving electrons from one place to another.  We can do this by creating friction, rubbing together two things that do not conduct electricity.  We call these things “insulators”.  When you walk across the floor, you slowly transfer electrons from the carpet to your shoes.  The electrons move as far away from the carpet as possible, onto you…you become ‘charged’.  When you touch a grounded object, like a doorknob, the electrons move so your body will once again be neutral, or without charge.  You get a shock as the electrons jump from your finger to the doorknob.  In this center, we will do a few different activities that use basic static electricity.

NOTE:  Each student will have a balloon to use to create static electricity.  They should use the same balloon for all activities at this station.  Balloons should not be shared.  The center leader should collect all the balloons at the end of the center, pop them using the scissors, and dispose of all the balloons.  The balloons should NOT leave the classroom.

Activity 1:   The Amazing Static Balloon!

We can use static electricity to make objects move!

1. Give each student a balloon and about 10 paper ‘people’ and a ping pong ball in a plastic tray.

2. Have the students rub the balloon on their hair or on the piece of wool provided.

3. Hold the balloon about 3-4” above the paper people on the table in front of them.

What happened:  At first, the electricity in the balloon attracts the paper people.  After the people have stuck to the balloon, they static electricity repels them.  The people will jump up and down over and over as they are attracted and repelled.

4.
Next, have students rub the balloon again to give it additional charge.

5.
Now, hold the balloon near the ping pong ball in the plastic tray.  The ping pong ball will slowly move toward the balloon!

6.
Slowly move the balloon, and the ping pong ball will “follow” the balloon.

Activity 2:   Human Conductors of Electricity!

Ordinary people use standard electricity from the wall to power a light. But not here in the Science Adventure Zone! Why use normal electricity from a wall outlet when we can make our own? Get ready to amaze everyone with this awesome display of science!

1. Give each student a balloon, and have the students take their balloon into the dark closet along with the center leader.   

2. The center leader holds the fluorescent bulb at one end (these are expensive…please be careful!) and asks each student in turn to rub the balloon vigorously on their hair (or the piece of wool) to create static electricity and then bring the balloon near the bulb without touching it and watch what happens.  (Students should see a flicker of light…the bulb lit up).
3. Bring the balloon near the bulb without touching it and watch what happens.  (Students should see a flicker of light…the bulb lit up).

4. Now move the balloon up and down the bulb without touching the bulb.  The light should sort of follow the balloon.

5. Touch the balloon to the glass bulb and see if you can get a spark to jump!
6. Have all students rub their balloons and again bring them close to the light bulb this time all at the same time – the bulb should light up significantly.
What happened:  When you rub a balloon on your hair, electrons from your hair jump over to the balloon and stay there. In normal operation, the fluorescent bulb is connected to a source of electrical current. The current supplies electrons that slam around inside the tube. Inside the tube there is also mercury vapor. When electrons collide with the mercury vapor, they cause the vapor to emit ultraviolet light, which makes the tube light up.  Bringing a negatively charged balloon near a fluorescent tube stirs up the electrons in the mercury vapor. This produces an electrical current, which excites the mercury atoms. The excited mercury atoms emit ultraviolet light and cause the bulb to glow. When a spark jumps, you get a big release of energy and a correspondingly brighter glow.
Activity 3:  Bend Water (if time allows)

Static electricity has the amazing power to attract things…even running water!  

1. Give each student a blown up balloon (no popping balloons, please!)

2. Have the students rub the balloon several times on their hair or give each student a piece of wool (provided) and have them rub the balloon several times.  

3. Have students take the balloon to the sink faucet.  Turn on the water.  Let students take turns holding their balloons near the running water.

4. The water will bend toward the balloon!



	Center 4:   Current Electricity--Construct a Circuit

	Current electricity flows.  When a battery is connected up properly, current electricity comes from one of its terminals.  It flows through a path called a “circuit” back to the other battery terminal.  Circuits are used in the electronics and machinery we use every day to create all the functions and operations we use them for.  In this center, you are going to create a simple circuit and a circuit with a switch to discover exactly how circuits work.

Each student should have:

3 Alligator Leads

1 battery pack 

1 light bulb in a stand

1 switch
First, we are going to make a simple circuit.  We will use the battery and wires to light up the light bulb.  
1) Attach the clamp of one of the alligator leads to the metal attachment on one end of the battery pack.  

2) Attach the other end of the same alligator lead to one of the mounts on the light bulb stand.  

3) Attach one end of a second alligator lead to the other mount on the light bulb stand, and the other end of the second alligator clip to the other end of the battery pack.

4)  What happened:   your bulb should light up!  You’ve created a simple circuit! 

5)  Break the circuit by removing one of the leads from the battery pack. 


What happened?   The bulb goes out because circuit has been broken…electricity can no longer flow through the circuit.  

5)  Practice ‘breaking the circuit’ by unclamping different connections in the circuit.  The light bulb will go out whenever your release a connection.
Now we will create a circuit with a switch:

6) Now take your switch and raise the lever.  Now insert the switch into the circuit by disconnecting one lead from the light bulb stand and connecting it to one terminal on the switch.  Take a third alligator lead and connect one end to a second terminal on the switch, and the other end to the mount on the light stand.  (The light bulb should NOT light up if the switch lever is raised.)  The circuit should be as follows:  battery (switch (light bulb stand (battery, where ( represents an alligator lead.  

7)  Now lower the lever of the switch so it is touching both connections. 

What happened?  Your light bulb should go on!  You have created a closed switch. The electricity can flow from one side of the switch to the other when the lever is down.
8)  Raise the lever of the switch so it is no long touching both connections.  

What happened?  Your bulb will turn off because you have opened the circuit.  Current electricity can no longer pass through.

Closing the switch completes a circuit.  Electricity flows from the battery terminal, through the wires to the switch and bulb, and then back to the other terminal.  When we open the switch, we have opened the circuit, and the electricity can no longer flow.

 

	Center 5:  Charge Detector (optional/alternate center)

	In our other centers, we’ve seen how objects behave or interact when we’ve introduced an electrical charge to them.  In this center, we are going find out how to detect an electric charge and see how the charge can move.

1. Give each student a pre-made “charge detector”.  Point to the nail at the top of the jar…the nail will conduct our electrical charge.  The charge will travel down the nail and into the aluminum foil strips at the end of the strings.  If an object has a charge, the two strips will repel each other.

2. Give each student a comb.  Have them run the comb through their hair several times.

3. Run the comb along the head of the nail.  What happens?  (The foil strips should move apart.  This shows that the comb has an electric charge, which passes down to the aluminum strips.)

4. Now touch the top of the nail with your fingers.  What happens?  (The strips will collapse and hang straight down.  The charge travels out of the strips and to your hand.)

5. “Charge” the detector again by repeating Step 3.

6. Now touch the nail with a plastic pen.  What happens?  (The foil strips do not collapse.  The electric charge cannot flow out through the plastic pen because it is not a conductor.  So the strips keep their charge and stay apart.)  

7. Give each student a balloon.  Have them rub the balloon on their hair several times to give the balloon a charge.  Rub the balloon across the nail head.  What happens?  (The foil strips should move apart.  This shows that the balloon has an electric charge, which passes down to the aluminum strips.)

Note:  Be sure to throw away all combs after 1 use…DO NOT reuse!



	Conclusion:

	Today we explored some important concepts about electricity and magnetism.  We learned how static and current electricity works.  We also learned the difference between “hard” and “soft” magnets, and how electricity can be used to create a magnet.    

Thank the students for coming to the Panther Pete Science Lab.  Tell them to remove their worksheets from their clipboards and bring the worksheets with them and ask them to line up single file at the door.

Note to lab leader:  when packing up the lab, the compasses are not stored in the lab box – they have their own box on one of the shelves.  Storing the compasses with the magnets will cause the compasses to malfunction. 




	Materials:

	Center 1:  Build a Compass 

8 compasses (stored in a separate container in the lab closet)
8 cups

8 circular pieces of foam w/ hole in center

8 needles (steel)

8 bar magnets

Scotch tape

toothpicks (200)

Modeling clay

Small red sticker (to mark ‘north’ direction)

Pitcher of water

Center 2:  Make an Electromagnet

Bar magnets

Paperclips

4 Electromagnets (http://www.arborsci.com/prod-ElectroMagnet-668.aspx)

D Cell batteries

Small hanging weights

Battery holders - 4

Alligator clips - 8

8 screwdrivers (wire wrapped 60 turns) 

Center 3:  Static Electricity

Balloons

Paper people (about 100)

Ping Pong balls (about 20)

Plastic trays (6)

Pieces of wool (6)

Fluorescent Bulbs (10)

Center 4:   Current Electricity--Construct a Circuit

Alligator Leads (24)

Size D battery (8)

1.5 volt flashlight bulb (8)

6 pre-made switches 

Bulb holder (8)

Battery holders

Wire stripper

Center 5:   

6 “Charge Detectors”:

· Glass Jars (6)

· Aluminum Foil (12 pairs of foil strips)

· Thread (6 strips, about 6 inches long)

· 6 long nails

· 6 round cardstock ‘lids’ for jar

· tape

Combs (200 disposable)

Balloons

Plastic pens (6)











