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MAGNETISM
INTRODUCTION

WORKSHOP LEADER'S PLANNING GUIDE
PROPERTIES AND BEHAVIOR OF MAGNETS

Section 1

The activities in this section provide participants with exposure to the basic properties and behavior of magnets. There are no prerequisites to this section, although most 4th – 9th grade students (and teachers) have already had experiences with and learned some facts about magnets. While participants may have already been exposed to many of these activities and ideas, most participant groups will be deficient in one or more of the areas explored. It is, therefore, desirable to allow participants adequate time and opportunity to engage in activities and discussions, especially since there are a number of commonly held misconceptions about magnets.

One idea that is not well‑understood by teachers is the concept of magnetic domains. The concept of magnetic domains is introduced in this section, and more fully explored in section II. No mention is made of magnetic fields in this section; however, the content of this section provides the experiential background needed to understand both the concept of magnetic fields and the theory of magnetism which are addressed in the next section.

Naive Ideas

1.
All metals are attracted to a magnet. (1A2, 1A2D, 1A1)

2.
All silver colored items are attracted to a magnet. (1A2, 1B1)

3.
All magnets are made of iron. (1B1)

4.
Larger magnets are stronger than smaller magnets. (1B2)

5.
Magnetic poles are always located at the ends of the magnet. (1B1)

6.
The magnetic and geographic poles of the earth are located at the same place. (1F1, 1F2)

7.
The magnetic pole of the earth in the northern hemisphere is like a magnet's north pole, and the pole in the southern hemisphere is like a magnet's South Pole. (1D1, (1F1, 1F2, 1F4)

FORCES AND FIELDS   

Section 2
'Ibis section introduces the concept of magnetic fields in order to provide an awareness and beau understanding of the nature and effects of magnetism. Magnetic forces and fields can be very difficult and seem quite nebulous to students young and old because they are difficult to define, touch, or measure. For this reason, many of the activities in this section use scientific models to convey important ideas.

Many of these investigations are apt to be so enjoyable that "students" may miss the point of some of the activities. If this occurs, the teacher (or workshop leader) must redirect attention back to the elusive concept of magnetism. In order for optimum learning to occur, it is imperative that directed discussions accompany and follow each of the activities.

It is particularly important to conduct activities in which participants compare the strength of a magnetic field at different locations (2A1 and/or 2A4). Also, 2B1 should be included in any workshop since it provides a concrete illustration of the definition of the direction of a magnetic field.

While many individuals have never been introduced to the concept of magnetic fields, there are, nevertheless, a few prevalent naive ideas or misconceptions regarding the topic.
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Section 2 Con’t

Naive Ideas

1. 
Only magnets produce magnetic fields. (2C1, 3A1) 

2. 
A magnetic field is a pattern of lines, not a field of force, that surrounds a magnet. (2A6, 2A7, 2B1, 2B7) 

3. 
In a magnet, the magnetic field lines exist only outside the magnet. (2B7) 

4. 
North and South Poles of a bar magnet cancel each other for no net magnetic field.

MAGNETISM AND ELECTRICITY 

Section 3

The activities in this section may be used to provide participants with an understanding of the relationships between magnetism and electricity and with some of their important applications.

While participants must, of course, be familiar with magnetic forces and fields prior to being presented with the information in this section, it is also helpful if they have knowledge of the following basic electricity facts necessary for many of the activities:

1.
Current electricity is the flow of electrons through a conductor. 

2. 
An electric circuit must be complete (closed) for electrons to flow. 

3. 
Electrons flow through a closed circuit from the negative terminal of the battery to the positive terminal. 

4. 
Electric current is the rate at which electrons flow. 

5. 
For a given circuit, increasing the terminal voltage of the battery (or power supply) increases the current.

Naive Ideas

Naive ideas and misconceptions are difficult to identify because most students (and non‑scientist adults) have not been exposed, either formally or informally, to the ideas introduced in this section.

MAGNETISM MATRIX 1 

I. 
Properties and Behavior of Magnets


A.
Magnets attract some metals. Materials which are attracted to a magnet are magnetic materials

1A1

13

1.
What Kind of Objects are Attracted to a Magnet?
Lab
L/U
10 Min.

1A2D
15

2.
What Metals Are Attracted to a Magnet? 
Demo


B.
Magnets come in various sizes, shapes and strengths.

1B1

17

1. 
Exploring Magnets.
Lab
L/U
30 Min.

1B2

21

2.
How Can the Strength of Different Magnets Be Compared?
Lab
L/U
30 Min.

.


C.
The places where a magnet is strongest are called the poles. Every magnet has two poles.

1C1

23

1.
Where is a Magnet Strongest?
Lab
L/U
15‑20 min


D.
The pole of a freely suspended magnet that points toward the north is called a North Pole. The pole that points toward the south is called a South Pole.

1D1

25

1. 
Which Way is North?
Lab
L/U
10 Min.


E.
Unlike poles of magnets attract each other and like poles repel each other.

1E1

27

1.
How Do Magnets Affect One Another?
Lab
L/U
15 Min.

1E2

29

2.
What Can A Compass Be Used For?
Lab
L/U
20 Min.

1E3D

33

3. 
Where Are The Poles?
Demo


F.
The earth acts like a giant magnet. The northern magnetic pole of the earth is actually a south pole. The magnetic poles of the earth are located about 1000 miles from the geographic poles.

1F1D

35

1.
The Earth Acts Like A Giant Magnet.
Overhead

1F2D

37

2.
A Compass Needle Points Toward Magnetic North.
Overhead






3.
How To Read A Compass
Overhead? Demo






4.
Compass Headings and Their Uses.
Lab
U
20‑30 Min.






5.
A Dipping Compass
Overhead/ Disc.






6. 
How to Make A Dipping Compass.
Demo

G.
A magnet is composed of many "tiny" magnets which are aligned. These "tiny" magnets are called magnetic domains.

1G1

39

1.
What Happens When Magnets Are Broken or Cut?
Lab
L/U
20 Min.

1G2D
41

2. 
Pieces Of A Magnet.
Overhead


H.
All magnetic materials (materials which are attracted to a magnet) are also composed of magnetic domains. If these domains are lined up, the material becomes a magnet.

1H1

43

1.
How Are Magnet Particles Arranged?
Lab
L/U
15‑20 Min.

1H2D
47

2.
Magnetic and Non‑Magnetic Materials.
Overhead

1H3

49

3.
How Can You Make A Magnet?
Lab
L/U
30 Min.

MAGNETISM MATRIX 2


I.
Heating, jarring or shaking can destroy its magnetism.

1I1

51

1.
How Can You "Un​make" A Magnet?
Lab
L/U
15 Min.

1I2D

65

2.
Which Is The Magnet? 
Demo/Disc.






3.
Focus On Physics: Magnets And Mag​netic Materials.
Disc.

II. Forces and Fields

A.
Every magnet is surrounded by a magnetic field that can exert forces on objects made of magnetic materials. The magnetic field is stronger near the magnet and is weaker farther away from the magnet. The magnetic field is strongest at the poles.

2A1

67

1.
What Is The Extent Of A Magnet's Force?
Lab
L/U
10 Min.

2A2

57

2.
How Can You Study A Magnetic Field?
Lab
L/U
30 Min.

2A3D
63

3.
The Magnetic Field Around A Bar Magnet.
Overhead
L/U

2A4

69

4.
Exploring the Strength Of A Magnetic Field At Different Points. Lab
U
10‑15 Min.


B.
The direction of the magnetic field is the direction in which the north pole of a compass needle points when it is placed in the magnetic field. Magnetic fields can be represented by magnetic field lines. Magnetic field lines are imaginary fines that indicate the direction and strength of the magnetic field. Magnetic field lines form closed loops and never cross.

2B1

71

1.
How Can You Plot A Magnetic Field?
Lab
U
45‑60 Min.

2B2D
75

2.
Magnetic Lines Of Force
Overhead

2B3D
77

3.
How Can One See Magnetic Fields
Demo

2B4

83

4.
How Do Magnetic Fields Affect One Another?
Lab
L/U
30 Min.

2B5D
87

5.
Magnetic Fields Around Magnets.
Overhead

2B6F

89

6.
Focus On Physics: Magnets And Their Magnetic Fields.
Disc.


C.
Magnetic fields are produced by moving charges. The magnetic fields surrounding a magnet can be explained by spinning electrons in atoms. The earth's magnetic field is believed to result from moving charges in the liquid outer core of the earth. Moving electrons in a current‑carrying wire produce a magnetic field around the wire.






1.
Focus On Physics: Moving Charges And Magnetic Fields.
Disc.


D.
When a magnetic material is placed in a magnetic field, the material becomes magnetized by induction.

2D1

91

1. Is It Only Temporary?
 Lab
14U
10 Min.

MAGNETISM MATRIX 3 

III. Magnetism and Electricity


A.
A magnetic field surrounds any wire carrying an electric current.

3A1

97

1.
How Are Magnetism And Electricity Related?
Lab
U
15 Min.

3A2D
101
2.
Oersted’s Serendipity.
Overhead

3A3D
103
3.
Magnetic Field Surrounding A Current Carrying Wire.
Demo

3A4D
107
4.
Direction Of Magnetic Field Surrounding A Current‑Carrying Wire  Overhead






5.
First left-hand Rule Determining The Direction Of The 
Overhead







Magnetic Field About A Current Carrying Wire.

3A6D
109
6.
Magnetic Field About A Loop Of Current Carrying Wire
Overhead

3A7D
111
7.
Magnetic Field About A Coil Of Current Carrying Wire
Overhead

B.
A coil of current carrying wire acts like a magnet.

3B1

113
1.
How Does An Electro​-magnet Work?
Lab
U
45 Min.






2.
Second Left‑Hand Rule Determining The Direction Of The 
Overhead







Magnetic Field For A Coil Of Current‑Carrying Wire.






3.
Electromagnet Applications
Overheads (3)






4.
A Horseshoe Electro​ Magnet.
Demo (Optional)

3B5

117
5.
How Is A Magnet Used To Detect Electric Current?
Lab
U
20 Min.


C.
A changing magnetic field can produce an electric current in a wire conductor.

3C1

119
1.
How Can A Magnet Produce Electricity?
Lab
U
20 Min.

3C2D

121
2.
The Electric Wire Generator.
Overhead






3.
The Transformer.
Overhead (Optional)


D.
When an electric current passes through a conductor in a magnetic field, the conductor moves.






1.
Making a Compass Needle Spin.
Lab
U
20 Min.

3D2

123
2.
What Makes a Motor Work?
Lab
U
50 Min.

3D3D
127
3.
The Motor Generator.
Demo (Optional)
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PROPERTIES AND BEHAVIOR OF MAGNETS

The activities in this section provide participants with exposure to the basic properties and behavior of magnets. There are no prerequisites to this section, although most 4th ‑ 8th grade students (and teachers) have already had experiences with and learned some facts about magnets. While participants may have already been exposed to many of these activities and ideas, most participant groups will be deficient in one or more of the areas explored. It is, therefore, desirable to allow participants adequate time and opportunity to engage in activities and discussions, especially since there are a number of commonly held misconceptions about magnets.

One idea that is not well‑understood by teachers is the concept of magnetic domains. The concept of magnetic domains is introduced in this section, and more fully explored in section II. No mention is made of magnetic fields in this section; however, the content of this section provides the experiential background needed to understand both the concept of magnetic fields and the theory of magnetism which are addressed in the next section.

Naive Ideas​

1.
All metals are attracted to a magnet. (1A2, 1A2D, 1B1)
2.
All silver colored items are attracted to a magnet. (1A2, 1B1)
3.
All magnets are made of iron. (1B1)
4.
Larger magnets are stronger than smaller magnets. (1B2)

5.
Magnetic poles are always located at the ends of the magnet. (1B1)
6.
The magnetic and geographic poles of the earth are located at the same place. (1F1, 1F2)

7.
The magnetic pole of the earth in the northern hemisphere is like a magnet’s north pole, and the pole in the southern hemisphere is like a magnet’s South Pole. (ID1, 1F1, 1F2, 1F4)

A.
MAGNETS ATTRACT SOME METALS, MATERIALS WHICH ARE ATTRACTED To A MAGNET ARE MAGNETIC MATERIALS

1. 
Activity: What Kind Of Objects Are Attracted To a Magnet?


This activity is designed to inductively lead participants to infer (incorrectly) that all metals or silver objects are attracted to a magnet. To draw this inference, it is important that all metal and silver‑colored objects selected for testing be attracted to a magnet.

2. 
Demonstration: What Metals Are Attracted To a Magnet?


This demonstration should immediately follow the previous activity. A variety of metal objects are placed in Bag A and Bag B. All of the metal objects in Bag A are attracted to a magnet. Bag B contains a mixture of metal objects ‑ some of which are attracted to a magnet, some of which are not. Testing of objects in Bag B serves as a discrepant event as riot all metals are attracted as was observed in the testing of objects in Bag A.

B.
MAGNETS COME IN VARIOUS SIZES. SHAPES, AND STRENGTHS.

1. 
Activity: Exploring Magnets.

MAGNETS AND MAGNETISM
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This activity introduces, or reinforces, a number of important ideas about magnets. If limited workshop time is available, or if the participants already have an understanding of magnets, this single activity may be conducted and many of the other activities in this introductory section may be omitted. Among the ideas introduced in this activity are the following: 
a. 
Magnets come in different shapes and sizes, but all contain metal. 
b.
The strength of a magnet does not depend on its shape or size. 
c.
All magnets attract the same objects. 
d. 
Magnets attract some, but not all metals. 
e. 
A magnet can attract an object through a distance. 
f. 
A magnet is stronger at some places than at others. (The places where the magnet is strongest are the poles). 
g. 
Magnets attract and/or repel other magnets. (Like poles repel, unlike poles attract).

2. 
Activity How Can the Strength of Different Magnets Be Compared?


Several methods are used to compare the strengths of various magnets.

C.
THE PLACES WHERE A MAGNET IS STRONGEST ARE CALLED THE POLES, EVERY MAGNET HAS TWO POLES.
1. 
Activity: Where Is a Magnet Strongest?


This is a simplified version of an activity included in section 2 of this book (2A7). Paper clips are suspended from different places on a bar magnet and a horseshoe magnet to determine where each magnet is strongest.

D.
THE POLE OF A FREELY SUSPENDED MAGNET THAT POINTS TOWARD THE NORTH IS CALLED A NORTH POLE. THE POLE THAT POINTS TOWARD THE SOUTH IS CALLED A SOUTH POLE.

1. 
Activity: Which Way Is North?


The pole of a freely suspended magnet that points toward the north is called the North Pole of the magnet. The pole that points toward the south is called the South Pole of the magnet.

E.
UNLIKE POLES OF MAGNETS ATTRACT EACH OTHER AND LIKE POLES REPEL EACH OTHER.
1. 
Activity: How Do Magnets Affect One Another?


Participants observe what happens when the ends of first a bar magnet, then a directional compass, are brought near the ends (poles) of a suspended bar magnet. This activity illustrates the law of magnetic poles.

2. 
Activity: What Can a Compass Be Used For?


In addition to reinforcing the law of magnetic poles, this activity demonstrates the usefulness of a directional compass as a tool for determining whether an object is a magnet, and for locating the poles of a magnet. This activity should NOT be skipped over because the compass will be used for these purposes in

3.
Demonstration: Where Are the Poles?


In this “quickie” demonstration, participants observe the position and behavior of donut magnets stacked on a towel rod and draw inferences about the location of the poles of each magnet. If sufficient donut magnets are available, distribute them to participants and allow them to stack their own on a pencil.

MAGNETS AND MAGNETISM
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F.
THE EARTH IS A GIANT MAGNET
The northern magnetic pole of the earth is actually a South Pole. The magnetic axis of the earth is displaced about 12o from its geographic axis.

1.
Overhead: The Earth Is a Giant Magnet.


Introduce this section by asking participants to explain the following paradox: “If opposite poles attract and like poles repel, how can you explain the fact that the North Pole of a freely suspended bar magnet or compass needle is attracted to the North Pole of the earth?” The answer is explained in this overhead which shows, among other things, that the northern magnetic pole of the earth is actually the South Pole of this huge, but weak, magnet

2. 
Overhead: A Compass Needle Points Toward Magnetic North.


Used in conjunction with the previous overhead, this overhead shows that a compass needle points toward magnetic north (or actually the South Pole of the earth magnet) and not to geographic north. Magnetic north is located in northern Canada and is separated from geographic north by more than 1400 km. Navigators make corrections for this fact when using a compass.

3. 
Overhead/Demonstration: How to Read a Compass.


Instruction and practice in correctly reading a compass are provided.

4. 
Activity: Compass Headings and Their Uses.


Participants use a compass and a road map to plot a route to a chosen destination.

5. 
Overhead/Discussion: A Dipping Compass.


A dipping compass at different locations on the earth’s surface. The behavior of a dipping compass at different locations on the earth’s surface is explained.

6.
 Demonstration: How To Make a Dipping Compass.


Instructions are provided for constructing and studying the behavior of a dipping compass. If sufficient materials are available, this may be done as a group activity rather than a demonstration.

G.
A MAGNET IS COMPOSED OF MANY “TINY MAGNETS” WHICH ARE ALIGNED. THESE “TINY MAGNETS” ARE CALLED MAGNETIC DOMAINS.
Note:
While the activities below introduce the idea that all magnets are composed of domains, the cause and composition of domains is not fully explained until Section II. If you want to explain them at this time, however, you might discuss the appropriate parts of Focus on Physics, 2B7.

1. 
Activity: What Happens When Magnets Are Broken or Cut?

Breaking magnets (notched cylindrical magnets) are available from most science supplies and can be used to show that a magnet can be broken into smaller and smaller magnets. If breaking magnets are unavailable, try this activity in which a piece of coat hanger wire is first magnetized and then cut into smaller and smaller pieces.

MAGNETS AND MAGNETISM
1WL

WORKSHOP LEADER’S PLANNING GUIDE

PROPERTIES AND BEHAVIOR OF MAGNETS  -  3
2. 
Overhead: What’s Wrong with These Pieces of a Magnet?


This overhead can be used to reinforce the idea, discovered in the previous activity, that magnets can be broken into smaller and smaller magnets; however there is something wrong in the picture. Ask participants to discover what it is. (In the bottom row the poles of the second piece are labeled backwards). This drawing came from a 7th grade commercial science textbook!

H.
ALL MAGNETIC MATERIALS (MATERIALS WHICH ARE ATTRACTED TO A, MAGNET) ARE ALSO COMPOSED OF MAGNETIC DOMAINS, IF THESE ARE LINED UP. THE MATERIAL BECOMES A MAGNET

Note:Magnetic induction is only briefly introduced in this section. It is more fully explored and explained in section 11.

1. 
Activity: How Are Magnet Particles Arranged?


As a test tube of iron filings is magnetized by stroking with a permanent bar magnet, the alignment of the filings is visible. This visually reinforces the idea that a magnetic material can be magnetized when its domains are aligned. Shaking the tube causes the filings to return to their previously random arrangement and the magnetism is destroyed.

2. 
Overhead: Magnetic and Non‑Magnetic Materials.


This self‑explanatory overhead shows the difference between magnetic and non‑magnetic materials, as well as between magnetized and unmagnetized materials.

3. 
Activity: How Can You Make a Magnet?


A steel needle is magnetized by induction and made into a working compass in order to discover how and why one end of the needle becomes a North Pole and the other end becomes a South Pole.

4. 
Activity: How Can You Make Your Magnet Stronger?


The purpose of this activity is actually to develop several ideas: 1) in a magnet most, but not necessarily all of the magnetic domains are aligned, 2) the greater the number of magnetic domains aligned, the stronger the magnet, 3) some materials are more easily magnetized than others, and 4) materials which are more easily magnetized also quickly lose their magnetism. Nails are magnetized by stroking them with a permanent magnet to explore how the number and direction of strokes affects the resulting strength of the nail magnets. Screwdrivers are then similarly stroked with a permanent magnet to compare the relative ease with which they are magnetized.

I. 
HEATING. JARRING OR SHAKING A MAGNET CAN 12ESTROY ITS MAGNETISM,

1. 
Activity: How Can You “Unmake” a Magnet?


The strength of magnetized iron nails before and after heating and before and after hammering are quantitatively compared.

2. 
Overhead/Discussion: Which Is The Magnet?


This discussion, with accompanying overhead, prevents the problem of determining which of two pins is magnetized. The point emphasized is that the magnetic field is strongest near the poles of a magnet and weakens until it is virtually immeasurable at the mid‑point between the poles.

3. 
Discussion ‑ Focus On Physics: Magnets and Magnetic Materials


This discussion summarizes many of the points covered in Section I including magnetic poles, Law of Magnetic Poles, Ferromagnetic and non‑magnetic materials as well as a discussion of magnetic domains.

MAGNETS AND MAGNETISM
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WHAT KIND OF OBJECTS ARE ATTRACTED TO A MAGNET?

Materials:
bar magnet


assorted objects such as:



plastic spoon



paper clip



iron washer



small piece of paper



cork



piece of cloth



safety pin



peanut

1.
Use the bar magnet to test each of the objects provided. Write the name of the object in the chart below. Place a check to show whether the object is attracted to the magnet or not.

	
	Object
	Attracted
	Not Attracted

	1
	 
	 
	 

	2
	 
	 
	 

	3
	 
	 
	 

	4
	 
	 
	 

	5
	 
	 
	 

	6
	 
	 
	 

	7
	 
	 
	 

	8
	 
	 
	 


2.

How are all of the objects which are attracted to the magnet alike?


____________________________________________________________________________________

____________________________________________________________________________________
3.

What can you infer about the kind of objects which are attracted to a magnet?


____________________________________________________________________________________

____________________________________________________________________________________
MAGNETS AND MAGNETISM
1A1TN

WHAT KIND OF OBJECTS ARE ATTRACTED TO A MAGNET?

IDEA:
PROCESS SKILLS:

Objects which are attracted to a magnet
Observing

are made of metal.
Inferring
LEVEL: L/U
DURATION: 10 Min.

STUDENT BACKGROUND:

ADVANCE PREPARATION:
Items listed on the activity sheet are only suggestions. Any objects that are


available may be used. However, make sure that all metal objects included for 
testing are attracted to the magnet. Also, if possible, make sure that all silver objects used are attracted to the magnet. Be sure to include some non‑metallic objects.
MANAGEMENT TIPS:
Do not talk to students as they conduct the activity. It is best to allow them


to perform their own tests and draw their own conclusions.
RESPONSES TO

SOME QUESTIONS:
2.
All of the objects which are attracted to the magnet are made of, or



contain metal.

3.

It is expected that students will infer (erroneously) from this activity that



all metals are attracted to a magnet; however, some experienced students



may know otherwise.
POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Allow students to share their findings, but otherwise limit follow‑up


discussion. It is imperative to immediately follow this activity with one that


shows that only some metals are attracted to a magnet.
POSSIBLE EXTENSIONS:

MAGNETS AND MAGNETISM
IA2D

WHAT METALS ARE ATTRACTED TO A MAGNET?


(Demonstration)

Materials:
2 brown paper grocery bags


variety of metal objects


bar magnet

Advance Preparation:

1 . 
Using a marker, label one bag “A” and the other bag “B.”
2.

In Bag A, place only metal objects which are attracted to a magnet.

3.

In Bag B, place some metal objects that are attracted to a magnet and some which are not.

4.
Here are some suggested objects to use. (It is best, however, to actually test the objects yourself before placing them in one of the bags).


ATTRACTED:
paper clip, jar lid, scissors, iron nail, stainless steel spoon, metal bolt, hammer,



etc.


NOT ATTRACTED:
aluminum pie plate, copper penny, lead pipe, brass key, aluminum foil, etc.

Conducting the Demonstration:

1.

Have a participant come to the front, empty the contents of Bag A onto the table and test each object to see if it is attracted to the bar magnet. Because all of the objects in Bag A are magnetic, participants may conclude (erroneously) that all metals are attracted to a magnet.

2.
Have a second participant come to the front and empty the contents of Bag B onto the table. Ask them to predict, based on the findings of the previous test, which objects will be attracted to the magnet. Upon actual testing, they will discover that only some of the metals in Bag B are attracted.

3.
Discuss the fact that only ferromagnetic materials (materials containing iron, cobalt nickel and/or rare earth elements) exhibit magnetic attraction. Most metals (aluminum, copper, lead, silver, gold, etc.) are NOT attracted to a magnet. The prefix ferro comes from the Latin word for iron. Thus, a ferromagnetic material is one that is magnetic like iron.

4.
You may choose to point out that materials which are attracted to a magnet (ferromagnetic materials) can themselves be made into a magnet (magnetized).

MAGNETS AND MAGNETISM
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EXPLORING MAGNETS

Materials:
assorted objects, some of which are magnets


paper clips


straight pins

1.
You have been given a number of different objects. Some of the objects are magnets. Some are not‑ Using a paperclip as a probe, try to find out which of the objects are magnets. How can you tell?


____________________________________________________________________________________

____________________________________________________________________________________

Which of the objects are not magnets? How can you fell?


____________________________________________________________________________________

____________________________________________________________________________________
2.
Divide the objects into two groups. Place 0 of the objects that are magnets into Group A. Put all of the objects that are not magnets into Group B. List the objects in each group.

                                      Group A
    Group B


_________________________________________         ______________________________________

_________________________________________         ______________________________________

_________________________________________         ______________________________________

_________________________________________         ______________________________________

_________________________________________         ______________________________________

_________________________________________          ______________________________________
3. Study the objects in Group A and try to answer the following questions:


a. 
Are all of the magnets the same shape and size?



​________________________​​_________________________________________________________


​_________________________________________________________________________________

b. 
Are all of the magnets made out of the same kind of material?



__________________________________________________________________________________


__________________________________________________________________________________

c. 
How are all of the objects which are magnets alike?



__________________________________________________________________________________
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4.
Take one of the magnets from Group A and try to find out what objects from Group B are attracted to it. Make a list of the objects that are attracted to the magnet. Make another list of the objects that are not attracted to the magnet.

                                Objects Attracted
                    Objects Not Attracted


_________________________________________         ______________________________________

_________________________________________         ______________________________________

_________________________________________         ______________________________________

_________________________________________         ______________________________________
5.
Do all magnets attract the same kind of objects? How can you tell?


____________________________________________________________________________________

____________________________________________________________________________________
6.
Predict what other objects in the classroom might be attracted to a magnet. Name them below. Then test your predictions.


____________________________________________________________________________________
7.
How are all of the objects which are attracted to a magnet alike?


____________________________________________________________________________________

____________________________________________________________________________________
8.
Can a magnet attract an object without touching it?


____________________________________________________________________________________
9.
Are all of your magnets of equal strength?


____________________________________________________________________________________

____________________________________________________________________________________
10.
Is a magnet stronger at some places than at others?


____________________________________________________________________________________

____________________________________________________________________________________
MAGNETS AND MAGNETISM
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EXPLORING MAGNETS

IDEA:
PROCESS SKILLS:

Magnets exhibit unusual properties.
Observing


Classifying


Predicting


Experimenting
LEVEL: L/U
DURATION: 30 Min.

STUDENT BACKGROUND:
None. This activity should be used to evaluate student’s background and understanding of magnets.

ADVANCE PREPARATION:
Students should work in groups of two or three for this activity. Provide each group with 10‑15 different objects. The objects should include a variety of magnets, items which are attracted to magnets, and items which are not attracted to magnets. A suggested list of items include:


Magnets: bar magnet, speaker magnet, refrigerator magnet, horseshoe magnet, magnetic screwdriver or tack hammer, magnetic marble, ceramic magnet, disc magnet, and magnetic strip.


Other Objects: key, aluminum foil, glass marble, rubber ball, copper penny, pair of scissors, nail, staple, and an odd‑shaped piece of plastic.


Make sure that the objects include metals which are attracted to a magnet as well as metals which are not attracted to a magnet.

MANAGEMENT TIPS:
You might prefer to orally guide the groups through the activity,


stopping after each investigation to discuss and compare results.


Make sure that the students have correctly classified the objects as


magnets or ncn‑magnets in question 2 before they proceed with the


remainder of the activity.

RESPONSES TO

SOME QUESTIONS:
1.
Student responses will vary, and some students may have



difficulty in answering this question correctly. Most students



will respond that the objects that attract or pick up the paper



clips or pins are the. magnets.


3.
a.
No.


b.

All are made of metal. In some cases, such as a magnetic




marble, the metal may be coated with plastic or some other




material, but the magnet itself is made of metal. Most




magnets are made out of iron or an alloy containing iron




(such as steel), or alloys of cobalt and nickel. Some of the




strongest bar magnets are made of Alnico, an alloy of




aluminum, cobalt and nickel.
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c.
Students will probably notice that all contain or are made of metal. They may also note that they attract some other metal objects, or that they attract or repel each other.


5.
All of the magnets in Group A attract the same objects in Group B. The amount of attraction may vary, depending on the strength of the particular magnet.


7.
At this point, students should recognize that all of the objects which are attracted to a magnet are made of or contain metal. They should also recognize that not all metals are attracted to magnets.


8.
Yes.


9.
Answers will vary. Some students may test to find out which magnet can pick up the most paper clips, straight pins, etc. Others may find which can attract an object from the farthest distance.


10.
Students may discover that there are places on a magnet where the magnet is stronger and can, for example, pick up more paper clips. They may also find that there are places on the magnet which do not attract objects at all. A bar magnet is strongest at the ends, and weakest (in fact exhibits no attraction) at the middle. The places where the magnet is strongest are the poles. Every magnet has two poles.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1. 
Magnets come in various shapes, sizes and strengths.


2. 
Magnets attract some metals.


3. 
Magnets can attract an object without contact.
POSSIBLE EXTENSIONS:

MAGNETS AND MAGNETISM
1B2

HOW CAN THE STRENGTH OF DIFFERENT MAGNETS BE COMPARED?

Materials:
small steel paper clips


different magnets


graph paper or fine‑ruled Line paper

1.
Distribute several magnets to each group. Which one do you think is stronger? How do you know?


____________________________________________________________________________________

____________________________________________________________________________________
2.
Stick one end of each magnet into a pile of paper clips on the table. See how many clips you can pick up with the magnet. Describe the results.


____________________________________________________________________________________

____________________________________________________________________________________

Do you think that this is a good, scientific way to test the strength of magnets? Why or why not.



____________________________________________________________________________________

_____________________________________________________________________________________
3.
Try testing the strength of the magnets by placing a paper clip on the end of the magnet and making a chain by touching another paper clip on the bottom of the first. Construct a bar graph to show the number of paper clips supported by each magnet. Describe your results.


____________________________________________________________________________________

____________________________________________________________________________________
4.
Another way to test the strength of a magnet is to test the magnet for the distance through which it will attract a paper clip. Place the magnet on a piece of graph paper. Place the paper clip one or more lines away away from the end of the magnet. Determine the maximum number of lines on the graph paper across which the magnet can attract the paper clip. Record and graph the distance for each magnet.


____________________________________________________________________________________

____________________________________________________________________________________

How much stronger is one magnet than the others?


____________________________________________________________________________________
5.
What unit of measure are you using?


____________________________________________________________________________________

What unit did you use in #3?


____________________________________________________________________________________
6.
Did your results for #4 agree with #3 and #2?


____________________________________________________________________________________
7.
Did everyone get the same answers? Why or why not?


____________________________________________________________________________________
8.
What would happen to the results if we used heavier paper clips?


____________________________________________________________________________________
9.
Devise your own method for measuring the strength of the magnets. Describe your procedure and record your results.


____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________
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HOW CAN THE STRENGTH OF DIFFERENT MAGNETS BE COMPARED?

IDEA:

PROCESS SKILLS:

Magnets come in various shapes, sizes

Observing

and strengths.

Inferring



Experimenting



Measuring



Hypothesizing
LEVEL: L/U

DURATION: 30 Min.
STUDENT BACKGROUND:
Students must have good measurement skills.
ADVANCE PREPARATION:
Try to provide many sizes and shapes of magnets for comparison.

MANAGEMENT TIPS:
During this activity the students seek a reliable method for measuring


the strength of two different magnets. Try to strengthen the concept


of finding a consistent method of measuring. Units may include


paper clips, page lines and others. The scientific unit (SI) used is


called tesla, but this is better left for later studies.


Allow students to share promising ideas and encourage positive


evaluation.

RESPONSES TO

SOME QUESTIONS:
5. 
Part 1: Lines. Part 2: Paper Clips.


6.
Yes.


7.
No, because magnets are not the same strength and points of attachment vary.


8.
Strength the same ‑ strength doesn’t change even though the unit of measurement is changed.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

The strength of a magnet may be measured using a standard unit of


measure. The strength of magnets can be compared by using the


lifting capacity or the maximum distance at which an object is


moved.

Discuss why the students were not concerned with the size or weight


of the magnets when they were comparing the strengths.
POSSIBLE EXTENSIONS:

MAGNETS AND MAGNETISM
1C1

WHERE IS A MAGNET STRONGEST?

Materials:
bar magnet horseshoe magnet small paper clips

1.
Bring each of the magnets close to a pile of paper clips. What happens?


____________________________________________________________________________________
2.
Try various spots on the magnets. Where does the magnet pick up the most paper clips?


____________________________________________________________________________________

Where, then, is the magnet the strongest?


____________________________________________________________________________________
3.
Support a chain of several paper clips at various spots on the magnets. Find the most paper clips that can be suspended at each spot. Continue to move away from the ends until a point is reached where there is no attraction. On the picture below, record the number of clips that can be held at each spot by drawing on the appropriate number of paper clips or nails.
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                      HORSESHOE MAGNET
BAR MAGNET

4.
Place an X on the picture of the magnets showing the places where the magnet is strongest.

5.

The places where a magnet is strongest are called the poles.   Every magnet has at least two poles. How many


X’s did you place on each magnet?


____________________________________________________________________________________
6.
Are there places on the magnet where no paper clips are attracted? Where?



____________________________________________________________________________________
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WHERE IS A MAGNET STRONGEST?

IDEA:

The places where a magnet is strongest 
are called the poles. Every magnet has 
two poles.

LEVEL: L/U

DURATION: 15‑20 Min.
STUDENT BACKGROUND:
None required.

ADVANCE PREPARATION:
Other than distribution of materials, no special advance preparation is


needed.
MANAGEMENT TIPS:
Make sure students are determining the maximum number of paper


clips that can be suspended from any one point on the magnet.
RESPONSES TO

SOME QUESTIONS:
2.

Both a bar magnet and a horseshoe magnet are strongest at the



ends.

3.

Student drawings should show the most paper clips suspended



from the ends. No paper clips should be shown hanging from



the middle of either magnet.

4.

Students should draw an X at each end of the bar magnet and the



horseshoe magnet. These X’s show the location of the poles of



the magnet.

5.
Yes

6. 
No paper clips are attracted to the middle of the magnet.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
A magnet is stronger at some places than at others.


2.
The places where a magnet is strongest are called the poles.

3.
Every magnet has two poles.


4.
The poles of a bar magnet and a horseshoe magnet are located at the ends of the magnet.


5.
The point midway between the poles of a magnet does not attract any paper clips.

POSSIBLE EXTENSIONS:
Are the poles always located at the ends of the magnet? Try


experimenting with disk, donut‑shaped or cylindrical magnets to find


where the poles are located. Also, try a piece of magnetic stripping


(similar to that often used for refrigerator magnets).

MAGNETS AND MAGNETISM
1D1

WHICH WAY IS NORTH?

Materials: sheet of paper labeled north, south, east and west bar magnet fishing line or thread large paper clip directional compass ring stand or other support (optional)
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1.
The sheet of paper taped to the table indicates the direction of north, south, east and west.

2.
Make a holder for the bar magnet by bending a paper clip as shown below.

3.
Tic a piece of fishing line to the paper clip holder.

4.
Hold the fishing line so that the magnet hangs directly over the center of the sheet of paper. (The magnet should be horizontally balanced and free to rotate horizontally).

5.
Twist the magnet a couple of turns. Release it, and when it stops rotating, note the direction in which the North Pole of the magnet points. In what direction does, the North Pole of the magnet point? The South Pole?



____________________________________________________________________________________


____________________________________________________________________________________
6.
Repeat the previous step. Do you get the same results?



____________________________________________________________________________________
7.
Now remove the magnet and place a directional compass in the center of the sheet of paper. Make sure that the bar magnet is not near the compass. In which direction does the needle of the compass point?



____________________________________________________________________________________
8.
Try turning the compass a few times. Does the needle always point in the same directions?



____________________________________________________________________________________
9.
How is the compass needle like a freely suspended bar magnet?



____________________________________________________________________________________


____________________________________________________________________________________
10.
Suppose you had a bar magnet and the N and S markings at the ends had been rubbed off. How could you tell which end was the North Pole and which was the South Pole?



____________________________________________________________________________________


____________________________________________________________________________________
11.
Suppose you have a metal bar. How can you use this experiment to tell if it is a magnet?



____________________________________________________________________________________


____________________________________________________________________________________
12.
Why do you think the poles of a magnet are named north and south?



____________________________________________________________________________________


____________________________________________________________________________________
13.
Is the magnet labeled correctly?



____________________________________________________________________________________

MAGNETS AND MAGNETISM
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WHICH WAY IS NORTH?

IDEA:

The end of a magnet that points toward
 the north is called a North Pole.

LEVEL: L/U
DURATION: 10 Min.

STUDENT BACKGROUND:
Students should be familiar with the terms North Pole and South


Pole and with the N and S markings on a bar magnet.

ADVANCE PREPARATION:
Tape the sheets of paper indicating direction to the student’s work


tables. Use a compass to make sure that the paper is correctly


aligned.

MANAGEMENT TIPS:
Students may need to use tape to make sure the magnet is secured to


the paper clip holder. While the activity is going on, walk around to


make sure that the students have correctly suspended their magnets so


that they rest horizontally.

RESPONSES TO

SOME QUESTIONS:
5.
The North Pole of the magnet should always point toward the



north when it comes to rest. The South Pole, of course, will



face south.

9.

Both are free to swing and have North Poles that always point



toward the north.

10.
Suspend the magnet and turn it. When it comes to rest, the



end that points toward the north is the North Pole.

11.
If the same end always points toward magnetic north when



the bar is free to swing, then the bar is a magnet.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
The end of a freely suspended magnet that points toward the



north is a North Pole. The end that points toward the south is



a South Pole.


2.
A compass needle is a freely suspended magnet.

POSSIBLE EXTENSIONS:

If an unmarked bar magnet is available, have students repeat



the experiment to determine and label the N and S poles. If no



unmarked bar is available, turn over one of your marked bars.

MAGNETS AND MAGNETISM
1E1

HOW DO MAGNETS AFFECT ONE ANOTHER?

Materials:
2 bar magnets


string


large paperclip bent to hold magnet

1.
Suspend a magnet using a magnet holder and string. Hold the string in one hand (or tie it to a support) so that the magnet is suspended horizontally.

2.
Bring the North Pole of the other bar magnet near the North Pole of the hanging bar magnet. Observe and describe what happens.



____________________________________________________________________________________


____________________________________________________________________________________
3.
Predict what will happen if you instead bring the South Pole of the magnet near the North Pole of the hanging magnet.



____________________________________________________________________________________


____________________________________________________________________________________

Try it. What did you observe?



____________________________________________________________________________________


____________________________________________________________________________________
4.
What do you think will happen if you bring the North Pole of the magnet near the South Pole of the hanging magnet?



____________________________________________________________________________________


____________________________________________________________________________________

Try it. Was your prediction correct?



____________________________________________________________________________________
5.
Now try bringing the South Pole of the bar magnet the South Pole of the hanging magnet and describe what happens.



____________________________________________________________________________________


____________________________________________________________________________________
6.
From this experiment, what did you discover happens when like poles of two magnets arc brought near each other?



____________________________________________________________________________________

What happens when unlike poles of two magnets are brought together?



____________________________________________________________________________________
7.
What you have discovered is called the Law of Magnetic Poles. Try to write a short statement of this law below.



____________________________________________________________________________________


____________________________________________________________________________________
8.
Suppose that you had a bar magnet that did not have the N and S poles labeled. How could you use another bar magnet that did have its N and S poles marked to find and label the poles of the unmarked magnet?



____________________________________________________________________________________
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HOW DO MAGNETS AFFECT ONE ANOTHER?

IDEA:

Unlike poles of magnets attract each
 other and like poles repel each other.

LEVEL: L/U
DURATION: 15 Min.

STUDENT BACKGROUND:
Students should know that every magnet has both a North and South


Pole.
ADVANCE PREPARATION:
None
MANAGEMENT TIPS:
Instead of holding the string in your hand to support the hanging


magnet, tie the string to a ring stand or other fixed support.

RESPONSES TO

SOME QUESTIONS:
2. 
The magnets move apart. The North Poles repel one another.


3.
The magnets come together. The South Pole of one magnet attracts the North Pole of the other magnet.


4.

The poles will attract one another.


5.

The poles will repel one another.


6.

Like poles repel. Unlike poles attract.


7.
Answers will vary, but should in essence state that like poles of magnets repel and unlike poles attract.


8.
Answers will vary. Possible correct answer: Bring the North Pole of the marked bar magnet near one end of the unmarked magnet. If it is attracted, the unmarked end is a South Pole because opposite poles attract one another. If it is repelled, then the unmarked end is a North Pole because like poles repel one another. Do the same thing at the other unmarked end.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
Like poles repel and unlike poles attract. This is a statement of



the Law of Magnetic Poles.

2. 
Unlike poles are often called opposite poles.

POSSIBLE EXTENSIONS:

MAGNETS AND MAGNETISM
1E2

WHAT CAN A COMPASS BE USED FOR?

Materials:
directional compass


large iron nail


bar rnagnet


horseshoe rnagnet (optional)

1.
You have already learned that a compass needle is a magnet. The colored or pointed end of the compass needle is the North Pole of the compass. The other end of the compass needle is the South Pole.

2.
Bring the North Pole of the compass needle near the head of the nail and observe what happens. Then bring the South Pole of the compass needle near the head of the nail. Record all of your observations below.



____________________________________________________________________________________


____________________________________________________________________________________
3.
Based on your observation, do you think that the iron nail is a magnet? Why or why not?



____________________________________________________________________________________


____________________________________________________________________________________
4.
What do you think will happen when the ends of the compass needle are brought near the pointed end of the nail?



____________________________________________________________________________________


____________________________________________________________________________________

Try it.

5.
Do you think the compass needle will behave the same way when it is brought near the ends of a bar magnet? Why?



____________________________________________________________________________________


____________________________________________________________________________________
6.
Predict what will happen when the North pole of the compass needle is placed near the South Pole of the bar magnet.



____________________________________________________________________________________


____________________________________________________________________________________

Try it and describe what actually happens.



____________________________________________________________________________________


____________________________________________________________________________________
7.
Predict what will happen when the North Pole of the. compass needle is brought near the North Pole of the bar magnet



____________________________________________________________________________________


____________________________________________________________________________________

Try it and record what actually happens.



____________________________________________________________________________________


____________________________________________________________________________________
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8.
In what way does the compass behave differently toward the nail and the bar magnet?



____________________________________________________________________________________


____________________________________________________________________________________
9.
Explain a simple way to use a compass to tell whether or not an object is a magnet.



____________________________________________________________________________________


____________________________________________________________________________________
10.
The diagram below shows a compass placed near one end of an unmarked bar magnet.
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Is the, end of the. magnet nearest the compass a North or a South Pole?



____________________________________________________________________________________

How do you know?



____________________________________________________________________________________


____________________________________________________________________________________
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Draw a picture showing the position of the compass needle if it is placed near the other end of the same unmarked bar magnet.
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11.
Try placing the compass directly above the middle of your bar magnet. Draw the position of your compass needle in the diagram below. Be sure to show which end of the compass needle is the North Pole and which end is the South Pole.


Try to explain why the compass needle is positioned this way.



____________________________________________________________________________________


____________________________________________________________________________________
12.
OPTIONAL: Try bringing the compass needle new the ends of a horseshoe magnet. Does the needle behave the same way new each end? Why?



____________________________________________________________________________________


____________________________________________________________________________________
MAGNETS AND MAGNETISM
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WHAT CAN A COMPASS BE USED FOR?

IDEA:

PROCESS SKILLS:

Like poles repel and unlike poles attract.

Observing



Predicting



Inferring
LEVEL: L/U

DURATION: 20 Min.
STUDENT BACKGROUND:
Students should have already been introduced to the Law of Magnetic


Poles. Students should also know that a compass needle is a magnet,


and be able to identify the North and South Poles of the compass


needle.

ADVANCE PREPARATION:
Make sure nails used are not magnetized. Make sure that there are no


magnets or magnetic materials near by that could affect the results of


the experiment. Make sure that the colored ends of the compass


needles are, indeed, North Poles. (Sometimes the poles of compass


needles reverse, especially if they are stored near strong permanent


magnets. If this has happened, stroke the compass with one end of a


strong bar magnet so that the compass needle reverses its direction.)

MANAGEMENT TIPS:
When the students are exploring the behavior of the compass near the


nail in the first part of the activity, make sure that the bar magnet is


nowhere near by or it could affect the compass needle. In fact, it is a


good idea to wait to distribute the bar magnets until after students


have completed the first part of the activity.

RESPONSES TO

SOME QUESTIONS:
2.
Both ends of the compass needle are attracted (or at least not



repelled) by the head of the nail.


3.
No, if the nail were a magnet, the end of the nail would repel



one end of the compass needle.

4.

Again, both ends of the compass needle are attracted to the tip



of the nail.

5.
No, the compass needle will be repelled or attracted by one



pole of the magnet.

6.
The North Pole of the compass needle will be attracted to the



South Pole of the magnet. This is because like poles repel



and unlike poles attract.

7.

The North Pole of the compass is repelled by the North Pole of the magnet.
MAGNETS AND MAGNETISM
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8.
Both ends of the nail attract the North (and South) Poles of the




compass needle. Only one end of the bar magnet (the South




Pole) attracts the North Pole of the compass needle; the other




end of the bar magnet (the North Pole) repels the North Pole




of the compass needle
.


9.
If one end of the object repels the North Pole of a compass



needle, then the object is a magnet.


10.
The end is a South Pole because it attracts the North Pole of



the compass needle. Unlike poles attract.



a.
The North Pole of the magnet will attract the South Pole






of the compass.

11.
The compass needle will be aligned horizontally (parallel to




the magnet). The North Pole of the compass needle will point




in the direction of the South Pole of the bar magnet. The




South Pole of the needle will point in the direction of the




North pole of the bar magnet. Because the compass is




equidistant from the two poles of the bar magnet, both poles




of the magnet equally attract the opposite poles of the compass




needle.

12.
OPTIONAL ‑ One end of the horseshoe magnet (South Pole)




will attract the North Pole of the compass needle and the other




end of the horseshoe magnet (North Pole) will repel the North




Pole of the compass needle.
POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
A compass can be used to tell whether an object is a magnet or




not. If either end of the object repels the North Pole of the




compass, then the object is a magnet.

2.
A compass can be used to locate the poles of a magnet. The




pole which attracts the north end of a compass needle is a




South Pole. The pole which repels the North Pole of a




compass needle is a North Pole.
POSSIBLE EXTENSIONS:

MAGNETS AND MAGNETISM
1E3D
WHERE ARE THE POLES?

(Demonstration)
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Arrange three donut magnets on a dowel so that they are separated from one another as illustrated above, Show that when pushed together, the three magnets spring back apart. Ask the following questions:

1.
What can you infer about the location of the poles of the three magnets? (Like poles must be facing one another).



____________________________________________________________________________________


____________________________________________________________________________________
2.
Predict what will happen if the middle magnet is tamed upside down. (The three magnets will be attracted to one another and come together).



____________________________________________________________________________________


____________________________________________________________________________________
3.
Are the spacings between the magnets the same? (The bottom two magnets will be pushed together more due to weight of top magnet.)



____________________________________________________________________________________


____________________________________________________________________________________
MAGNETS AND MAGNETISM
1F1D
THE MAGNETIC POLES OF THE EARTH

Materials:
earth picture


bar magnet


small magnetic compass

This teacher‑led activity, when effectively conducted, allows students to "discover" that the magnetic pole of the earth located in the Northern Hemisphere is actually a magnetic South Pole, and the magnetic pole of the earth in the Southern Hemisphere is a magnetic North Pole.

1.
Before conducting the activity, check each compass to make sure that its poles have not become reversed. (The colored end of the compass needle should point toward the South Pole of a bar magnet.)

2.
Supply each pair of students with a picture of the earth, a bar magnet and a tiny compass. Make sure that students recognize that the colored end of the compass needle points toward the north. Discuss the idea that the earth behaves like a giant magnet. Point out that the magnetic poles of the "earth magnet" are located close to, but not in the same place, as the earth's geographical poles, and that's why the outline of the magnet on their earth picture is skewed.

3.
Instruct students to place their bar magnet and their compass on the places respectively outlined for them on the earth picture. Have them check the compass needle to see if the colored end points generally toward the magnetic pole of the earth in the Northern Hemisphere. (Most will find that it does not; the colored needle instead points toward the earth's Southern Hemisphere. This is because they have oriented the bar magnet so that its North Pole is near the earth's geographic North Pole.)

4.
Stress to participants that we KNOW that the colored end of a compass needle points toward the north. Challenge them to find a way to make the compass needle behave as we know it should. Most students will soon discover that this can be done by reversing the position of the bar magnet, so that the North Pole of the bar magnet lies in the earth's Southern Hemisphere!

5.
Discuss the notion that the earth's magnetic North Pole is actually located in the Southern Hemisphere, in Wilkes Land in the Antarctic, about 1400 miles from the geographic South Pole. Conversely, the earth's magnetic South Pole is located near Bathurst Island in northern Canada, about 1400 miles from the geographic North Pole.

MAGNETS AND MAGNETISM
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MAGNETS AND MAGNETISM
1F2

A COMPASS NEEDLE POINTS TOWARD

MAGNETIC NORTH

 (DISCUSSION/OVERHEAD)

This transparency shows that the North Pole of a compass needle points toward the magnetic, rather than geographic, pole of the earth. It can also be used to assist participants in learning to correctly read a compass. (You'd be, surprised at the number of people that do not know that you must rotate the base of the compass until the label N rests underneath the colored half of the needle!) For more information on the earth's magnetic field see 2C1F
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A COMPASS NEEDLE POINTS TOWARD MAGNETIC NORTH  2

MAGNETS AND MAGNETISM
1G1

WHAT HAPPENS WHEN MAGNETS ARE BROKEN OR CUT?

Materials:
bare iron wire


scissors or wire cutters


bar magnet


compass


masking tape or correction fluid

1.
Cut a length of bare iron wire about 25 cm (10 in.) long.

2.
Magnetize the wire by stroking the wire in one direction with one pole of the bar magnet. Stroke the wire at least 50 times.
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3.
Move a compass along the wire and observe where the poles are. In the diagram below, draw in the needle, of the compass as it appears at each position along the wire.


The end of the wire that repels the north end of the compass needle is the ____________ pole of the wire.


The end of the wire that attracts the north end of the compass needle is the ____________ 
pole of the wire.


Label the North (N) and South (S) poles on the diagram of the wire above.


Carefully mark the North Pole of the wire with a small piece of tape or correction fluid.

4.

Now cut the wire in half. Check each piece of the wire with the compass. Is each piece of wire still a magnet?



____________________________________________________________________________________

Place a chalk mark on the North Pole of each piece of wire.

5.
Continue to cut the pieces of wire and check for magnetic poles. Each Lime, label the North Pole of the new pieces with the tape or correction fluid.


Experiment to find out how short you can cut the pieces of wire and still be able to find the magnetic poles. Describe your results below.



____________________________________________________________________________________


____________________________________________________________________________________
[image: image12.png]IF A ATTRACTS B AT THIS POINT,
A IS THE MAGNET |

THE WEAKEST POINT IS MIDWAY BETWEEN THE POLES.



6.
A bar magnet is cut into smaller and smaller pieces. Label the N and the S pole on each piece in the diagram below.

MAGNETS AND MAGNETISM
1G1TN

WHAT HAPPENS WHEN MAGNETS ARE BROKEN OR CUT?

IDEA:


PROCESS SKILLS:

Magnets are composed of “tiny magnets”


Observing

called magnetic domains.


Experimenting

LEVEL: L/U


DURATION: 20 Min.

STUDENT BACKGROUND:
Students should be familiar with using a compass to locate the poles


of a magnet.

ADVANCE PREPARATION:
Try this activity before using it with students! (You may find it


difficult to sufficiently magnetize the wire to get good results). Cut


10 inch pieces of wire in advance.

MANAGEMENT TIPS:
Students may need help in using the wire cutters. If necessary, you


may go around and cut the wires for them when they are ready. Also,


caution the students to handle the magnetized wire gently. The wire


is only temporarily magnetized and any jarring or jostling will cause


it to lose its magnetism more quickly.

RESPONSES TO

SOME QUESTIONS:
3.
North, South.


5.
Different groups of students will have varying degrees of success.



Some will be able to cut the wire into 16 or more pieces and



still find the poles.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1. 
When a magnet is cut, each new piece is a magnet.


2.
A magnet seems to be made of many smaller magnets.


3.
The smallest piece of a magnet that still has a North and a South Pole is called a magnetic domain.


4.
The north poles of all the smaller magnets point in the same direction. The South Poles of all the smaller magnets point in the same direction.


5.
All of the magnetic domains in a magnet are lined up with their North and South Poles pointing in the same directions.

POSSIBLE EXTENSIONS:
An effective way to demonstrate the breaking of a large magnet will


be to stack up a number of rectangular or circular ceramic magnets.


The resulting large magnet can be easily pulled apart to separate the


pieces of the magnet which can be held near a compass to drtermine


their polarity.

MAGNETS AND MAGNETISM
1G2

WHAT'S WRONG WITH THESE PIECES OF A MAGNET?
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When an iron magnet is broken into pieces,

all new pieces of the magnet will retain their polarity.

MAGNETS AND MAGNETISM
1H1
HOW ARE MAGNET PARTICLES ARRANGED?

Materials:
test tube or small clear container with lid


cork to fit tube


iron filings


sugar or salt


compass

1.
Fill the test tube part way with iron filings. Cork the tube.

2.
Bring the bottom of the test tube near one end of the compass needle. What happens?



____________________________________________________________________________________


____________________________________________________________________________________

Now bring the test tube near the other end. Record your observations.



____________________________________________________________________________________


____________________________________________________________________________________
3.
Pick up the tube with your left hand, hold the tube in a horizontal position and shake it. With your right hand, pick up a strong bar magnet. Stroke the test tube, from one end to the other with the pole of the magnet‑ Do this several times, always making sure you stroke the tube in the same. direction each time. Bring the test tube near both ends of the compass needle again.
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4.
What happens now? Record your observations.



____________________________________________________________________________________


____________________________________________________________________________________
5.

Why does the test tube now act differently?



____________________________________________________________________________________


____________________________________________________________________________________
6.

Shake the container and again bring it near the ends of the compass needle. What happens this time? Why?



____________________________________________________________________________________


____________________________________________________________________________________
7.

Fill another test tube part way with sugar or salt.

MAGNETS AND MAGNETISM
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HOW ARE MAGNET PARTICLES ARRANGED?  2
8.

Bring each end of the test tube near one end of the compass needle. What happens?



____________________________________________________________________________________


____________________________________________________________________________________
9.
Shake the test tube. Stroke the test tube from one end to the other with the pole of a magnet. Do this several times, always making sure you stroke the tube in the same direction each tim(~. Bring the test tube near both ends of the compass needle again.

10.

What happens now? Record your observations.



____________________________________________________________________________________


____________________________________________________________________________________
11.

How does this tube act compared with the tube containing the iron filings?



____________________________________________________________________________________


____________________________________________________________________________________
12.

Construct a theory of magnetism using your results from this experiment.



____________________________________________________________________________________


____________________________________________________________________________________
13.

Explain why a test tube of a liquid could not be made into a strong, permanent magnet.



____________________________________________________________________________________


____________________________________________________________________________________
MAGNETS AND MAGNETISM
1H1TN

HOW ARE MAGNET PARTICLES ARRANGED?

IDEA:
PROCESS SKILLS:

Materials become magnetized when all

Observing

of the tiny magnets composing the

Inferring

material align themselves into the same

Hypothesizing

direction.

Formulating Models
LEVEL: L/U

DURATION: 20 Min.

STUDENT BACKGROUND:
Students should have been exposed to the concept of magnetic domains, and should be able to use a compass to tell whether or not a material is a magnet.

ADVANCE PREPARATION:
Fill test tubes and cap with a cork. Pieces of steel


wool will work as well as iron filings. Filings can be put into the


test tube by using a creased piece of paper that acts like a trough.

MANAGEMENT TIPS:
Tell students not to remove contents from the test tube. Before the activity, demonstrate to students how the tube should be stroked in one direction with the bar magnet.

RESPONSES TO

SOME QUESTIONS:
2.
It will attract either end of the needle as would any other



unmagnetized material.


4.
It acts like a magnet and thus attracts one end of the compass and repels the other.


5.
Each small piece has been lined up with all N's pointing in the same direction. So, the effect is the same as that of a large magnet.


6.
It again will attract either end of the needle as would any other unmagnetized material.


8.
Neither end of the compass will be attracted.


10.
Again neither end of the compass will be attracted.


11.
The tube containing iron filings will attract or repel the compass needle whereas the salt will have no effect on the needle.


12.
A material becomes magnetized if the particles align themselves in the same direction.

MAGNETS AND MAGNETISM
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HOW ARE MAGNET PARTICLES ARRANGED?  2

13.

In liquid, the atoms are free to move around. Because of this,



they will not line up to form a magnet.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

I .
The test for whether an object is a magnet or not is whether one



pole of a known magnet, such as a compass needle, will be



repelled by some part of the object. (In the first part of this



activity, the test tube of iron filings did not behave as a magnet.



In the second part of the activity, the test tube of iron filings did



behave as a magnet since one end of the test tube repelled the



north end of the compass needle.)


2.

Magnetic materials are composed of many "tiny magnets" called



magnetic domains. When the magnetic domains are



randomly arranged, the material does not act as a magnet (refer



to overhead 1H2). However, when the magnetic domains in the



material are all lined up with their North (and South) Poles



pointing in the same direction, the material as a whole acts like a



magnet.


3.
Stroking a magnetic material with a permanent magnet causes the magnetic domains in the material to align. The material, at least temporarily, becomes a magnet. (In this activity each piece of iron filing is like a tiny magnet. At first, these tiny magnets pointed in random directions. When stroked with the bar magnet, however, these tiny magnets lined up with their North and South Poles facing in the same direction.)


4.
A magnet can lose its magnetism if its magnetic domains are rearranged so that they are no longer aligned. (Shaking the tube of iron filings caused the magnetic domains to become jumbled.)


5.
Nonmagnetic materials (materials which are not attracted to a magnet, such as plastic or glass) are not made up of magnetic domains and cannot be made into magnets.

POSSIBLE EXTENSIONS:
1.
Provide students with a dozen matchsticks. (For safety, strike



and then quickly blow out each match before distributing to



students.) Tell students that each match represents one of the



tiny magnets or magnetic domains in a magnetic material, and



the burnt head of the match is the North Pole. Have them arrange



the matches on their desks to represent the way magnetic



domains are arranged in:



a) a magnetic material that is unmagnetized;



b) a magnetic material that is magnetized.

MAGNETS AND MAGNETISM
1H2

MAGNETIC AND NON‑MAGNETIC MATERIALS
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MAGNETS AND MAGNETISM
1H3

HOW CAN YOU MAKE A MAGNET?

Materials:
strong bar MAGNET


steel needle (non‑magnetized)


piece of styrofoam or poker chip


plastic dish with water


compass
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1.
Pull the North Pole of a bar MAGNET DOWN   the length of a steel needle about 50 times. Rub in one direction ONLY Start at the point of the needle and pull toward the eye. Then lift the magnet and start at the point again.

2.
Float the styrofoam in a dish of water. Put the magnetized NEEDLE on the styrofoam. Observe and record what happens. (Use a compass to find out which way the point of the needle points).



____________________________________________________________________________________


____________________________________________________________________________________
3.
Do both the needle and the compass line up the same way?



____________________________________________________________________________________
4.
Which end of the needle points north?



____________________________________________________________________________________
5.
Could you use the. needle as a compass?



____________________________________________________________________________________
6.
Magnetize another needle, but this time, rub it with the south end of the magnet (poles are reversed). Be sure to rub in only one direction, starting at the point and rubbing toward the eye.

7.
Which end of the needle points north?



____________________________________________________________________________________
8.
Why did you float the styrofoam and needle in water?



____________________________________________________________________________________


____________________________________________________________________________________
9.
What does this activity show about magnetic poles?



____________________________________________________________________________________


____________________________________________________________________________________
10.
How is a magnetic material affected by stroking it with a magnet?



____________________________________________________________________________________


____________________________________________________________________________________
11.
Predict what would happen if the needle were stroked by the North Pole of a bar magnet, but starting at the eye and pulling toward the point. Which end of the needle would be the North Pole?



____________________________________________________________________________________


____________________________________________________________________________________
MAGNETS AND MAGNETISM
1H3TN

HOW CAN YOU MAKE A MAGNET?

IDEA:
PROCESS SKILLS:

A steel needle can be made into a magnet

Observing

by stroking the steel with a permanent

Inferring

magnet. Stroking causes the domains to

Predicting

have the same magnetic orientation. The

Identifying and Controlling Variables

magnetized needle can be used to make a

compass.
LEVEL: L/U

DURATION: 30 Min.

STUDENT BACKGROUND:

ADVANCE PREPARATION:
At the beginning of the activity, be sure the needles are non​


magnetic. Darning needles work well.

MANAGEMENT TIPS:
Warn students about needles. A straightened paper clip can be,


substituted for a needle. A plastic pokerchip can be used to float the


needle. The ribbing along the edge tends to keep the needle from


rolling off. Keep in mind that students may have preconceptions


from doing a similar activity.

RESPONSES TO

SOME QUESTIONS:
2.
Comes to rest in one direction ‑ lines up in a north‑south direction.


3.
Yes.
4.
The eye.
5.
Yes.


7.
The point.
8.
So the needle could move freely.


9.
Unlike poles attract. Each magnet has a North and South 
Pole.


10.
It causes the magnetic domains in the needle to line up and



point in the same direction. This makes the needle behave as a



magnet.



11.
The eye.

MAGNETS AND MAGNETISM

POINTS TO EMPHASIZE IN 
The steel needle is made up of “tiny magnets,” or magnetic domains.

THE SUMMARY DISCUSSION:
Each has a North and South Pole. But the poles are not lined up in 
any orderly way and thus, the needle does not act like a magnet.


In this experiment, by stroking the object with the North Pole of the magnet, the magnet attracts the opposite poles of the magnetic domains in the needle and causes them to line up with their poles 
in the same direction.

POSSIBLE EXTENSIONS:
1.
Have the students identify an object in the direction that the needle is pointing. Try deflecting the needle and see if the 
needle returns to the object. Then pick up the container and 
slowly turn around. See if the needle continues to point in the same direction.


2.
This activity can be done with various objects such as paper 
clips, nails, old metal saw blades, pieces of clock spring, 
knitting needles and others. Students might try these in an 
extension. Instead of floating the metal in water, test the 
magnet with a compass or by picking up iron filings or paper clips.

MAGNETS AND MAGNETISM
1I1

HOW CAN YOU ‘UNMAKE’ A MAGNET?

Materials:
(4) 4 inch nails


paper clips


pliers


hammer


propane lank or other heat source


water in non‑plastic bowl


strong bar magnet


hot pad holder

1.
Magnetize each of the nails by stroking it 50 times. Record how many paper clips each attracts in the chart below.

	Nail
	Number of Paper Clips
	Number of Paper Clips

	Number
	After Magnetizing
	After Treatment

	1
	 
	 

	2
	 
	 

	3
	 
	 

	4
	 
	 


2.
Lay one of the nails aside.

3.
Wearing a hot pad holder, grip one of the nails with a pair of pliers and hold the nail in a propane flame until the nail turns red. Then drop the nail into a container of water. Allow the nail to cool for about one minute.

4.
Hold one nail in an east‑west direction and strike the end several times with a hammer.

5.
Hold the fourth nail in any manner and strike it several times with the hammer.

6.
Test the strength of each of the four nails by putting them into a box of paper clips. Record how many paper clips each of the nails attracted in the chart.

7.
Compare the strength of the nails.



____________________________________________________________________________________


____________________________________________________________________________________
8.
Why does hammering and heating change the strength of the nail magnets?



____________________________________________________________________________________


____________________________________________________________________________________
9.

What have you learned about the way that magnets should be handled?



____________________________________________________________________________________


____________________________________________________________________________________
MAGNETS AND MAGNETISM
1I1TN

HOW CAN YOU “UNMAKE” A MAGNET?

IDEA:

PROCESS SKILLS:

Heating or hammering will cause an object


Observing

to lose its magnetism.


Communicating




Infer‑ring




Hypothesizing

LEVEL: L/U

DURATION: 15 Min.
STUDENT BACKGROUND:
Students should be familiar with the concept of magnetic domains.

ADVANCE PREPARATION:

MANAGEMENT TIPS:
The heat source must be a very hot one. A candle will not provide


enough heat. Because atoms of solids do not normally change their


positions, a high heat is required to destroy the magnetism of a


permanent magnet. For an iron magnet, a temperature of over 730


degrees C (1,346 degrees F) is necessary. Iron, when heated red hot,


will not be attracted by even a strong magnet.

Caution: Be sure to use a hot pad to hold pliers.


Try heating the magnet at different temperatures in an oven and


testing the magnet while it is hot, as well as after it has cooled. It


may be possible to actually increase the magnetism (rearrangement


of molecules) at these low temperatures.


This activity might better be done as a teacher demonstration or


student demonstration.

RESPONSES TO

SOME QUESTIONS:
8. 
Jostling rearranges aligned molecules so magnetism decreases.


9. 
Do not drop, hit together, etc.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

Heating causes increased movement of the magnetic domains in the


nail. The poles of the domains within the nail become scattered and


the nail loses its magnetism. Hammering jostles the domains in


such a way that they do not line up and the nail loses its magnetism.
POSSIBLE EXTENSIONS:
Try heating and/or jarring a permanent bar magnet to see if its


magnetism is lessened or destroyed.

MAGNETS AND MAGNETISM
2WL

WORKSHOP LEADER’S PLANNING GUIDE

FORCES AND FIELDS

This section introduces the concept of magnetic fields in order to provide awareness and better understanding of the nature and effects of magnetism. Magnetic forces and fields can be very difficult and seem quite nebulous to students young and old because they are difficult to define, touch, or measure. For this reason, many of the activities in this section use scientific models to convey important ideas.

Many of these investigations are apt to be so enjoyable that “students” may miss the point of some of the activities. If this occurs, the teacher (or‑workshop leader) must redirect attention back to the elusive concept of magnetism. In order for optimum learning to occur, it is imperative that directed discussions accompany and follow each of the activities.

It is particularly important to conduct activities in which participants compare the strength of a magnetic field at different locations (2A1 and/or 2A4). Also, 2B1 should be included in any workshop since it provides a concrete illustration of the definition of the direction of a magnetic field.

While many individuals have never been introduced to the concept of magnetic fields, there are, nevertheless, a few prevalent naive ideas or misconceptions regarding the topic.

Naive Ideas:
1. 
Only magnets produce magnetic fields. (2C1), 3A1). 
2.
A magnetic field is a pattern of lines, not a field of force, that  surrounds a magnet. (2A6, 2A7, 2B1, 2B7) 
3. 
In a magnet, the magnetic field lines exist only outside the magnet. (2B7)) 
4. 
North and South Poles of a bar magnet cancel each other for no net magnetic field.

A.
EVERY MAGNET IS SURROUNDED BY A MAGNETIC FIELD THAT CAN EXERT  FORCES ON OBJECTS MADE OF MAGNETIC MATERIALS,

THE MAGNETIC FIELD IS STRONGER NEAR THE MAGNET AND IS WEAKER FARTHER AWAY FROM THE MAGNET. THE MAGNETIC FIELD IS STRONGEST AT THE POLES.

1. 
Activity: What Is the Extent of a Magnet’s Force?


A bar magnet is used to lift a paperclip through pages of a book to discover that. magnetic forces act beyond the magnet itself, though the strength of such forces diminish rapidly as the distance from the magnet is increased.

2. 
Activity: How Can You Study A Magnetic Field?


The pattern of iron filings around a bar magnet are observed and analyzed.

3. 
Overhead: The Magnetic Field Around a Bar Magnet.


This overhead illustrates the magnetic field surrounding a bar magnet and can be used to complement the previous activity.

4. 
Activity: Exploring the Strength Of A Magnetic Field At Different Points.


This activity accomplishes the same purpose as the one above, but is more accurate and suitable for use with older students. A small compass is placed at increasingly further distances from one pole of a bar magnet, and the amount of deflection of the compass needle is read and recorded.

MAGNETS AND MAGNETISM
2WL

WORKSHOP LEADER’S PLANNING GUIDE

FORCES AND FIELDS  -  2
B. 
THE DIRECTION OF THE MAGNETIC FIELD IS THE, DIRECTION IN WHICH THE NORTH POLE OF A COMPASS NEEDLE POINTS WHEN IT IS PLACED IN THE MAGNETIC FIELD.

MAGNETIC FIELDS CAN BE REPRESENTED BY MAGNETIC FIELD LINES. MAGNETIC FIELD LINES ARE IMAGINARY LINES THAT INDICATE THE DIRECTION AND STRENGTH OF THE MAGNETIC FIELD. MAGNETIC FIELD LINES FORM CLOSED LOOPS AND NEVER CROSS. MAGNETIC FIELD LINES ARE SOMETIMES CALLED “LINES OF FORCE” BECAUSE THE FORCE ON THE NORTH POLE OF A MAGNET IN THE FIELD ACTS ALONG THIS LINE.

1. 
Activity: How Can You Plot a Magnetic Field?


This pencil and paper activity uses a compass to actually plot the magnetic field surrounding a bar magnet. Time consuming, but very effective! This activity is essential in helping participants understand that the direction of the magnetic field is the direction of the force acting on a north pole placed in the field.

2. 
Overhead: Magnetic Lines Of Force?


This overhead again shows the magnetic field surrounding a bar magnet and can be used in follow‑up discussions of the previous activity.

3. 
Demonstration: The Magnetic Field of a Bar Magnet.


This intriguing demonstration shows that a magnetized pin inserted in a cork and floated in a bowl of water above a bar magnet will move along one of the magnetic field lines (lines of force) of the bar magnet.

4. 
Activity: The Magnetic Field About Two Magnets.


Iron filing patterns around two magnets are produced and analyzed. Emphasize the point that the there is a single magnetic field about the magnets, the characteristics of which are determined by the relative strengths and position of the two magnet&

5.
Overhead: The Magnetic Field Around Magnets.


This overhead illustrates the pattern that should be produced in the above activity and can be used in discussing the results of the activity.

6. 
Discussion ‑ Focus On Physics: Magnets and Their Magnetic Fields.

C. 
MAGNETIC FIELDS ARE PRODUCED BY MOVING CHARGES.

THE MAGNETIC FIELD SURROUNDING A MAGNET CAN BE EXPLAINED BY MOVING ELECTRONS IN ATOMS. THE EARTH’S MAGNETIC FIELD IS BELIEVED TO RESULT FROM MOVING CHARGES IN THE LIQUID OUTER CORE OF THE EARTH. MOVING ELECTRONS IN A CURRENT CARRYING WIRE PRODUCE A MAGNETIC FIELD AROUND THE WIRE.

1. 
Discussion ‑ Focus On Physics: Moving Charges and Magnetic Fields.

MAGNETS AND MAGNETISM
2WL

WORKSHOP LEADER’S PLANNING GUIDE

FORCES AND FIELDS  -  3
D.
WHEN A FERROMAGNETIC MATERIAL IS PLACED IN A MAGNETIC FIELD. THE MATERIAL BECOMES MAGNETIZED BY INDUCTION.

1. 
Activity Is It Only Temporary?


A nail is magnetized to illustrate that magnetic materials, such as iron, become magnetized in a strong magnetic field but quickly lose their magnetism when the field is removed.

2. 
Demonstration: Making a Magnet By Hammering.


This demonstration shows that ferromagnetic materials may become magnetized by induction from the earth’s magnetic field. Try this one out before doing it with an audience!

E.
MAGNETIC FIELDS AFFECT CHARGES, AS WELL AS FERROMAGNETIC MATERIALS.

1. 
Demonstration: Magnetic Fields and Moving Charges.


Demonstration and discussion ideas are provided to show the effect of magnetic fields on moving charges.

F.
MAGNETIC FIELDS ARE SHIELDED BY FERROMAGNETIC MATERIALS.

1. 
Activity: A Better Path?


Different materials are placed between a bar magnet and iron filings to illustrate that magnetic fields are changed by magnetic materials, but pass through non‑magnetic materials. The Teacher Notes for this activity presents several interesting additional demonstrations of this idea.

MAGNETS AND MAGNETISM
2A2
HOW CAN YOU STUDY A MAGNETIC FIELD?

Materials:
bar magnet


stiff while paper


iron filings


paperclips


vial with shaker top

1.
On two pieces of while paper, trace the. outline of a bar magnet and identify the poles. Place a bar magnet on the desk or table. Place one of your sheets of white paper on top of the magnet.
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2.
Shake the iron filings from the vial onto the paper and gently tap the paper. (Be careful to keep the filings on the paper. Don’t breathe the iron dust.)


a. 
Describe what happens to the iron filings as you tap the paper.



_________________________________________________________________________________

b. 
Describe how the iron filings are scattered on the paper?



_________________________________________________________________________________
3.
Record your observations of the iron filings in the magnetic field on your second sketch by drawing the patterns that the iron filings produce.


Whenever one body exerts a force on another through a distance, the concept of a field of force is used to describe the interaction. There is this invisible pattern of force, magnetism, around every magnet. So, this space in which magnetism exerts a force is called a magnetic field.


The patterns that can be seen with the iron filings are called lines of force.


On your drawing, identify and label the magnetic field lines and magnetic field.

MAGNETS AND MAGNETISM
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HOW CAN YOU STUDY A MAGNETIC FIELD?  2
4.
Describe the pattern produced by the filings on the paper.


a. 
Are the filings in lines or are they solidly grouped?



_________________________________________________________________________________

b. 
What do you think the pattern made by the iron filings represents?



_________________________________________________________________________________

c. 
Where are the greatest and the least concentrations of filings?



_________________________________________________________________________________

d. 
Now, where are the greatest and least forces located around a magnet? Why?



_________________________________________________________________________________


_________________________________________________________________________________
5.
Place another magnet on top of your drawing with the poles of your magnet lining up with those in your drawing. Put a paperclip near the edge of the paper. Push the clip from several different directions toward the magnet until the clip is attracted to the magnet. Use your pencil to mark the spots on your drawing where the attractions first occur. Continue this process until you have approached the magnet from all sides.

6.
How does the iron filing pattern correspond to the distance at which the paperclip is attracted to the magnet?



____________________________________________________________________________________


____________________________________________________________________________________
7.
Why doesn’t the magnet need to touch a magnetic object to attract it?



____________________________________________________________________________________


____________________________________________________________________________________
8.
How can a magnet attract a paperclip without touching it?



____________________________________________________________________________________


____________________________________________________________________________________
9.
Based on your observations, which is the strongest part of the magnet? Give at least two reasons for your answer.



____________________________________________________________________________________


____________________________________________________________________________________

a.
What could you do to show where the force is strongest around a magnet?



____________________________________________________________________________________

b.
How could you use a bar magnet and iron filings to find out whether or not the magnetic field goes all around a magnet?



____________________________________________________________________________________
10. 
How could you use iron filings to determine whether an object has a magnetic field or not?



____________________________________________________________________________________

a.
How could you use iron filings to determine whether or not a stone is a lodestone? Lodestone is a naturally occurring mineral that contains a large amount of magnetized iron.

_________________________________________________________________________________
MAGNETS AND MAGNETISM
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HOW CAN YOU STUDY A MAGNETIC FIELD?

IDEA:
PROCESS SKILLS:

Every magnet is surrounded by a magnetic

Observing

field that can exert force on objects made

Communicating

of ferromagnetic materials. The magnetic

Measuring

field is stronger near the magnet and is

Inferring

weaker farther away from the magnet. 

Defining Operationally

The magnetic field is strongest at the poles.
LEVEL: L/U
DURATION: 30 Min.

STUDENT BACKGROUND:

ADVANCE PREPARATION:
Pieces of steel wool may be substituted for iron filings. Magnets


may be placed in baggies to help keep them clean. You may also


want to use a stiff piece of clear plastic instead of the paper, for older


students.

MANAGEMENT TIPS:
Choose activity questions that are appropriate for your students’ age


group. Some of the questions might be used for discussion instead of


as part of the activity. This activity may be used in combination


with the activity concerning fields and more than one magnet. An


alternative may be used for the iron filing. Try using small pieces


of steel, wool.

RESPONSES TO

SOME QUESTIONS:
2.
a.
They move into patterns around the magnet.



b.
In a definite pattern; lines in an area around the magnet
.


4.
Lines circle to the end and ends go out.



a.
In lines.



b.
Where magnetism is ‑ field of force.



c.
Around the ends and on the sides.



d.
Greatest are at the end; less away from ends on sides.

7.
a.
Less lines farther away, and paper clip not attracted as much.



b.
Because a magnetic field is around the magnet and the 


magnetism works there.

8.
c.
Magnetic field around the magnet and force acts there.

9.
Ends: More lines of force and stronger.



a.
Answers will vary, but you could move all around the 
magnet.



b.
Put the sheet at various places.

10. This activity over any object.



a. T
his activity using a lodestone.

MAGNETS AND MAGNETISM
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HOW CAN YOU STUDY A MAGNETIC FIELD?  2
POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Whenever one body exerts a force on another through a distance, the


concept of a field of force is used to describe the interaction. There is


this invisible pattern of force, magnetism, around every magnet. So,


this space in which magnetism exerts a force is called a magnetic


field.

The patterns that can be seen with the iron filings are called lines of


force. They =in to leave one end of the magnet, circle, around the


magnet and then enter the other end. There are more lines of force


and they are closest together at the poles. Since the ends of the


magnet have the most and closest lines, the magnetic field is


strongest at the poles. The poles can be found by looking at the


lines of force.

These lines of force seem to penetrate iron ore more easily than air.


So, tiny pieces of iron called iron finings are used to study the pattern


formed by the lines of force in the magnetic field around a magnet.


When the paper is tapped, the iron filings arrange themselves in neat


lines that curve out from each end of the magnet. The tapping


permits each iron filing to move where the magnetic force is


strongest and to point in the direction of the attractive. or repelling


force. The iron filings have been magnetized by induction. They


organize themselves into little magnets that point north and south.


The lines make semi‑circles above and below the magnet. Emphasize


that the LINES OF FORCE, while running from the North to South


Poles, DO NOT CROSS EACH OTHER.

Magnetic field lines, or lines of force, can be studied to find out


about the size and direction of the force caused by the magnet The


concentration of the lines of force around any part of the magnet


determines the strength of the field at that point.
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HOW CAN YOU STUDY A MAGNETIC FIELD?  3
POSSIBLE EXTENSIONS:

These extensions consist of two different methods of making permanent prints of magnetic fields. Each method

needs different materials.

METHOD 1
Materials:
While typing paper


Iron filings


Bar magnet


Water in a spray bottle

1.

Place the bar magnet on the table, cover with the typing paper, and sprinkle on the iron filings, as before.

2.
Spray water on the iron filings and allow them to rust on the paper over the magnet; permanent “rust images” can be created.

3.
Spray the pattern with clear acrylic spray, instead, and allow to dry.

METHOD 2
Materials:
Bar magnet


Test tube (large enough to hold magnet)


White corn syrup


Jar or beaker for syrup

1. 
Sift the iron filing to remove the dust.

2.
Stir the filings in to the syrup until they are evenly distributed. (Be careful not to add too many filings as you want the syrup to remain fairly clear).

3.
Put a small bar magnet in a test tube. Suspend the test tube in a clear container such as a beaker filled with the syrup mixture. A wire holder, masking tape, or the lid with a hole cut in the center holds the test tube in the center of the container.

MAGNETS AND MAGNETISM
2A3D
THE MAGNETIC FIELD AROUND A BAR MAGNET
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MAGNETS AND MAGNETISM
1I2D

WHICH IS THE MAGNET?

(Overhead/Discussion)

1.
Using only the two pins, can you find out which one is the magnet? If you say yes, you must explain how you decided. This is a very difficult problem to solve using only the two pins. Many youngsters will lift one pin with the other and decide the pin doing the lifting is a magnet, However, if you ask them to try the reverse, it will also work. Almost no youngster can solve this problem. But you may have a young Sir Isaac Newton, who reasons as follows: Magnets have poles. The strength of the magnet is concentrated there. As you move from one pole to the other, the strength will gradually diminish and then gradually increase. The point in the middle of the two poles will be magnetically balanced and not have magnetic properties. By applying this theory, the magnetic pin can easily be found. Select either pin, let’s call it pin A. Touch its point to the end of the other pin (B) and lift. Whether A or B is the magnet, B will be lifted. Gradually move pin A toward the center of pin B. When the center is reached, either A will attract B or it won’t. If A attracts B, A is the magnet. If A doesn’t attract B, B is the magnet (see transparency).

2.
If compasses are available, say: “Can you use the compass to find out which pin is a magnet?” Since the compass pointer is a magnet, it has poles. When the end of the magnet pin is brought near the compass, the pointer will either point toward or away from the pin. If the pin is reversed, the pointer will also reverse. The pin that is not magnetized will attract both ends of the compass needle.

MAGNETS AND MAGNETISM
1I2D

THE SOLUTION TO ACTIVITY
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MAGNETS AND MAGNETISM
2A1

WHAT IS THE EXTENT OF A MAGNET’S FORCE?

Materials:
bar magnet


paper clip


phone book (thick)


rider


Support the back cover of a thick phone book on an equally high block. Place a paper clip under the back cover. Place a magnet on the opposite side of the back cover and check the attraction between the clip and the magnet.
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Observe. Is the paper clip attracted by the magnet?



____________________________________________________________________________________
2.
Now, put a few more pages of the book between the paper clip and the magnet. If the paper clip is still attracted, turn more pages to increase the distance, between the magnet and the paper clip. Increase the pages by a regular amount and record your results in the following chart.

	Number of Pages
	Attracted

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 



Continue the process until the distance between the two is so great that the paper clip will no longer be held to the bottom of the book.

3.
Measure and record the height of the stack of pages and cover.



____________________________________________________________________________________
4.
How does the distance between the magnet and an iron object affect the magnetic attraction?



____________________________________________________________________________________


____________________________________________________________________________________
MAGNETS AND MAGNETISM 
2A1TN

WHAT IS THE EXTENT OF A MAGNET’S FORCE?

IDEA:
PROCESS SKILLS:

Magnetic forces decrease with distance.
Observing


Communicating


Measuring


Inferring
LEVEL: LJU
DURATION: 10 Min.

STUDENT BACKGROUND:

ADVANCE PREPARATION:

MANAGEMENT TIPS:
Instead of phone books, textbooks, stacks of handouts or other books


can be used depending on the strength of your magnets.
RESPONSES TO

SOME QUESTIONS:
1. 
Yes, the paper clip is attracted by the magnet,


4. 
Greater distance ‑ less force of magnetism.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

POSSIBLE EXTENSIONS:

MAGNETS AND MAGNETISM
2A4


EXPLORING THE STRENGTH OF

A MAGNETIC FIELD AT DIFFERENT POINTS

Materials:
bar magnet


meter stick


magnetic compass


protractor

1..
Place the meter stick on a large table so that it is lined up in an east‑west direction. Be sure that there are no large iron or steel objects nearby because this will affect the behavior of the compass.

2.
Place the compass on top of the meter stick so that the needle points exactly in a north‑south direction. (The needle is now pointing at right angles to the direction of the meter stick

3.
Place the bar magnet at the right end of the meter stick so that the S‑pole is toward the compass. Place the compass at a distance of 10 cm from the pole of the magnet and observe the number of degrees from the north (0 on the compass) the needle is deflected. Measure with the protractor. Record that measurement in the following chart.

	Distance From
	 
	 
	 
	 
	 
	 
	 

	Magnetic Pole (cm)
	10
	20
	30
	40
	50
	60
	70

	Amount of Deflection
	 
	 
	 
	 
	 
	 
	 

	From North (o)
	 
	 
	 
	 
	 
	 
	 


4.
Move the compass 20 cm from the magnet and observe the number of degrees the needle is deflected from the north. Record your data. Repeat the observations of deflection at 10 cm intervals until the needle points true north (0 degree deflection).

5.
Make a graph showing the relationship between the amount of deflection and the distance from the pole of a magnet.
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	[image: image25.png]


[image: image26.png]


[image: image27.png]


[image: image28.png]


[image: image29.png]


[image: image30.png]


[image: image31.png]


[image: image32.png]wire coil

. e
< magnet



[image: image33.png]


[image: image34.png]


[image: image35.png]


[image: image36.jpg]


[image: image37.png]permanent magnet




[image: image38.png]A

7 \.. < %
,R =
YD

)
AR
]




[image: image39.png]


[image: image40.png]


[image: image41.png]


[image: image42.png]o

0

3.5 3.01

‘yuou aydeiboab jo ysem,0)
8q pinom yuou apaubew usy)
"(Ma01) A4D Wi10A MBN uj esem nok ]

FIdAVX3

HIHON DIHAVHDOAD ANV OILEANOVN NEIM LI IDNTH-




[image: image43.png]



	

	
	
	60
	
	

	
	Amount
	50
	
	

	
	of
	40
	
	

	
	Deflection
	30
	
	

	
	(o)
	20
	
	

	
	
	10
	
	

	
	
	0
	
	

	
	
	
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90
	100
	

	
	
	
	
	Distance from Magnetic Pole (cm)
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


6.
Explain what appears to happen to the strength of the magnetic force as the distance from the pole of the magnet increases.



____________________________________________________________________________________


____________________________________________________________________________________
MAGNETS AND MAGNETISM
2A4TN

EXPLORING THE STRENGTH OF

A MAGNETIC FIELD AT DIFFERENT POINTS

IDEA:

PROCESS SKILLS:

The magnetic field is stronger near the magnet
Observing

and weaker farther away from the magnet.

Communicating



Measuring



Inferring



Interpreting Data
LEVEL: U

DURATION: 10‑15 Min.
STUDENT BACKGROUND:
Students must know how to read a compass, and should recognize


that the amount of deflection of the compass needle is a way to


measure the strength of a magnetic field.
ADVANCE PREPARATION:
If students are not familiar with preparing graphs on a coordinate


system, omit question #5.

MANAGEMENT TIPS:
RESPONSES TO

SOME QUESTIONS:
3. 
Answers vary. Sample data:


  0 cm – 90o

10 cm – 30o

20 cm – 6o

30 cm – 2o

40 cm ‑ 1o

50 cm – 0o

6. 
Greater distance, less force.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
The strength of the magnetic field rapidly diminishes as the distance


from the pole is increased.
SPECIAL NOTE:
To avoid potential misconceptions, it is important that the teacher


understand WHY this activity works. There are a number of forces


that are acting on the magnetic compass needle. These include


magnetic forces from the bar magnet, the earth, and other nearby


magnetic materials as well as frictional, gravitational, and electric


forces. Any deflection of the compass needle is the result of the net


force (combination of all forces) acting on it. When the compass is


placed near the pole of the bar magnet, the major force acting on the


compass needle is the magnetic force due to the bar magnet. As the


compass is moved further away from the pole of the bar magnet, this


force diminishes in strength and the other forces present begin to have


a greater affect on the needle’s motion and direction. If the magnetic


force due to the bar magnet were the only force acting on the needle,


the needle would continue to point directly toward the pole of the bar


magnet as it is moved farther away, even though the force the bar


magnet exerts on the needle diminishes.

MAGNETS AND MAGNETISM
2B1

HOW CAN YOU PLOT A MAGNETIC FIELD?

Materials:
(For each student)


2 bar magnets


small compass


transparent tape


several large sheets of white paper (40 x 50 cm)


#2 pencils (rather than metal tipped pen)


horseshoe magnet (optional)

1.
Place one bar magnet in the center of a large white sheet of paper. Tape the magnet in place so that it will not shift positions.

2.
Place the compass beside one pole of the magnet. Make a pencil dot on the paper at the outward end of the compass needle, (the end point away from the magnet). Move the compass farther out, crossing over the dot. Move it until the opposite end of the needle is at the dot, as shown.
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Now place another mark at the outward end. Continue to move the compass until it goes off the paper or returns to the magnet​. The turning of the needle to new positions will direct your placement of dots. Connect the dots with a smooth line. Draw arrows on these lines showing the direction in which the North Pole of the compass needle is pointed.

3.
Repeat this process, but start at another point at the end of the magnet. Draw at least 5 lines of force.

4.
Repeat this process around the magnet. Draw at least 5 more lines of force.


Sketch the results on the drawing below.
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5.
Describe the force field around the N Pole (or S Pole) of the magnet.



____________________________________________________________________________________


____________________________________________________________________________________
MAGNETS AND MAGNETISM
2B1

HOW CAN YOU PLOT A MAGNETIC FIELD?  2

Describe the force field alongside the bar magnet.



____________________________________________________________________________________


____________________________________________________________________________________

Near the edge of the page, some of the lines of force probably curve toward the geographic north of the earth. Explain why this happens.



____________________________________________________________________________________


____________________________________________________________________________________

Why is this effect not apparent nearer the center of the page?



____________________________________________________________________________________


____________________________________________________________________________________
6.
Which part of the field shows the strongest attraction, that is, the greatest concentration of lines of force? Explain.



____________________________________________________________________________________


____________________________________________________________________________________
7.

What general description of lines of force can you conclude from the tracings?



____________________________________________________________________________________


____________________________________________________________________________________
8.
Operationally define magnetic field in terms of lines of force.



____________________________________________________________________________________


____________________________________________________________________________________
MAGNETS AND MAGNETISM
2B1TN

HOW CAN YOU PLOT A MAGNETIC FIELD?

IDEA:
PROCESS SKILLS:

A magnetic field surrounds any magnet.
Observing

The direction of the magnetic field is defined
Communicating

as the direction of the force on a north
Inferring

pole (of a magnet) placed in the field.
Defining Operationally
LEVEL: U
DURATION: 45‑60 Min.

STUDENT BACKGROUND:

ADVANCE PREPARATION:
Use relatively strong bar magnets for this activity. The earth’s


magnetism may affect the direction of the magnetic field near the


edges of the paper if the bar magnet is too weak. (However, if this


happens be sure to discuss the reason with students!) Make sure that


there are no other magnetic materials nearby that could affect the


compass. Teachers have reported locating conduits burried in the


floor when trying this activity on the floor!!

Demonstrate to the students where to place the compass and how to


mark the position of the compass progressing through a few sets of


points. Show this on the overhead with a piece of glass or clear


plastic placed over the magnet. Illustrate how to connect the dots


with a smooth line, and how to draw arrows on the lines to indicate


the direction of the North Pole of the compass.
MANAGEMENT TIPS:
Practice this activity yourself before you do it in class. This can be.


an activity for several students with each student beginning at a


different point on the magnet. The students may need quite a bit of


help with this activity. Walk around and make sure that students are


correctly positioning compasses, marking dots, connecting dots, and


drawing arrows on the field lines they have plotted.

Be sure to keep track of the compasses. It may be better to use many


small compasses.
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RESPONSES TO

SOME QUESTIONS:
2
MAGNETS AND MAGNETISM
2B1TN

HOW CAN YOU PLOT A MAGNETIC FIELD?  2

5.
Question 1: Seems to extend outward from the poles.



Question 2: Lines of force are circular as you move from one end of the magnet to the other,



Question 3: Attracted by the earth’s magnetic field ‑ North Pole.



Question 4: Magnet nearer so stronger attraction.


6.
Ends ‑ Poles.


7.

Closer together at poles. Out at poles ‑ circular to ends at sides.


8.
Answers vary. Possible answers: An area where iron filings are attracted when filings are placed on a paper over a magnet. The region about a magnet where a compass needle can be deflected.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

One magnet exerts a force. upon another magnet some distance away


without actually coming in contact with it. A force field must


therefore surround each magnet.


This field is made up of lines of force that are arranged in a definite


pattern. It is possible to trace the pattern of the magnetic field lines


by using a small compass. The compass needle will align itself


along the magnetic field. Magnetic field lines are closed loops


actually extending through the magnet.


The direction of the magnetic field is defined as the 
direction of the force acting on a North Pole placed in the field. 

The arrows drawn on the magnetic field lines indicate the


direction of the force acting on the North Pole of the compass needle


at that location.
POSSIBLE EXTENSIONS:
Try this activity with the bar magnet standing on the end. Trace the


lines of force, then, on the top and bottom of the magnet. Trace the


lines of force of a horseshoe magnet. What does this mean about


the strength of a horseshoe magnet?

MAGNETS AND MAGNETISM

2B2D
MAGNETIC LINES OF FORCE?
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MAGNETS AND MAGNETISM
2B3

HOW CAN WE “SEE” MAGNETIC FIELDS?

NOTE: THIS ACTIVITY CONSISTS OF SEVERAL DIFFERENT METHODS OF MAKING PERMANENT PRINTS OF MAGNETIC FIELDS. EACH METHOD NEEDS DIFFERENT MATERIALS.

METHOD 1
Materials:
white typing paper



iron filings


bar magnet


water in a spray bottle

1.
Place the bar magnet on the table, cover with the typing paper, and sprinkle on the iron filings, as before.

2.
Spray water on the iron filings and allow them to rust on the paper over the magnet; permanent “rust images” can be created.

3.
Spray the pattern with clear acrylic spray, instead, and allow to dry.

METHOD 2:

Materials:
one quart, clear glass jar


large pkg. of clear gelatin dessert (Knox gelatin)


cooking utensils


bar magnet


iron filings

1.
Prepare gelatin according to package instructions. Suspend the bar magnet from the string into the gelatin as shown in the following diagram. Just before it “sets,” gently sprinkle in about a teaspoon of filings. Tap the jar lightly to eliminate air bubbles. Put the jar into the refrigerator for about an hour.

2.
Draw the three‑dimensional view of the invisible magnetic field on the picture shown at the side.

Extension:   If the right container is used, the solid gelatin mass can be cut along different planes to see the different special relationships of the field.

METHOD 3

Materials:
bar magnet


test tube (large enough to hold magnet)


white corn syrup


jar or beaker for syrup

1.
Sift the iron filing to remove the dust.

2.
Stir the filings into the syrup until they are evenly distributed. (Be careful not to add too many filings as you want the syrup to remain fairly clear).

MAGNETS AND MAGNETISM
2B3
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HOW CAN WE “SEE” MAGNETIC FIELDS?  2
3.
Put a small bar magnet in a test tube. Suspend the test tube in a clear container such as a beaker filled with the syrup mixture. A wire holder, masking tape, or the lid with a hole cut in the center holds the test tube in the center of the container.

4.
What happens to the iron filings and why?


_________________________________________________________________


_________________________________________________________________

5.
Examine the magnetic field from all sides. How does this three‑dimensional model compare with the one‑dimensional picture observed with a piece of paper over a magnet?


____________________________________________________________________________________


____________________________________________________________________________________
METHOD 4
Materials:
fast blueprint paper


iron filings


bar magnet


sunlight, arc lamp, #2 phototlood lamp
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1.
Prepare the field with a magnet, using the iron filings sprinkled on blueprint paper in direct sunlight (or alternative).

2.
Expose to the light for 10 to 15 minutes. Remove the magnet and filings, develop the paper in water and set aside to dry.

3.
What happened and why?


____________________________________________________________________


____________________________________________________________________

Note: Modern black line paper can be used in the daylight. Mop developer over the paper after exposure. The prints made are positives and can be varnished to become permanent).

METHOD 5
Materials:
photographic contact printing paper (can be out of date)


stop bath (3% acetic acid or vinegar)


fixing bath (hypo)


magnet


iron filings

1.
Set the magnets on the paper and prepare the fields. Do this activity in dim light. Complete darkness is not essential.

MAGNETS AND MAGNETISM
2B3

HOW CAN WE “SEE” MAGNETIC FIELDS?  3
2.
Expose the set up to a 1 00‑watt lamp for 10 seconds. Remove the magnets and filings and place the paper in the developer. As soon as a clear image appears, transfer to stop bath, and then into hypo for 30 seconds. Finally, wash in running water for one hour.

3.
DESCRIBE what happens and why.



____________________________________________________________________________________


____________________________________________________________________________________
METHOD 6
Materials:
wax paper


5 x 8 cards 

iron filings 

masking tape 

bar magnet 

clothes iron

1.
Tape the waxed paper to the card. Place the magnet under the card and sprinkle the iron filings on top of the wax paper.

2.
Place a warm iron about 3 to 4 inches above the wax paper with the pattern of the magnetic field. Move the iron constantly in a circular path so as not to burn the wax paper. (Alternate: Cover pattern with newspaper and iron the newspaper, not moving the iron while on paper).

3.
What happens and why?



____________________________________________________________________________________


____________________________________________________________________________________
METHOD 7

Materials:
waxed milk container


clothes iron


magnet


iron filings

1.
Cut up a waxed paper milk container (1/2 gallon size) and use the 4 side sections.

2.
Place the magnet under the carton and sprinkle on the iron filings. Tap the surface to get a good pattern of magnetic lines.

3.
Lift the waxed paper, being careful not to disturb the pattern of filings, and place it on the table.

4.
Press medium hot iron on the piece of newspaper to imbed the iron filings into the waxed paper.

5.
What happens and why?



____________________________________________________________________________________


____________________________________________________________________________________
MAGNETS AND MAGNETISM
2B3TN

HOW CAN WE “SEE” MAGNETIC FIELDS?

IDEA:
PROCESS SKILLS:


Observing


Inferring

LEVEL: L/U
DURATION: 20‑45 Min.

STUDENT BACKGROUND:

ADVANCE PREPARATION:
Try any method before doing it with students.


Some methods are much simpler and more


effective than others.

MANAGEMENT TIPS:
METHOD 1


By leaving the paper in place over the magnet and


placing some haif‑inch wooden blocks on the


surface, another sheet can be supported above the


first one. Then repeating the process as before,


you can learn something about the three‑,


dimensional shape of a magnetic field around a bar


magnet. Several layers can be studied in this way.


The field can be made in permanent form and then


stacked.

METHOD 2


Try wraping the magnet in a single layer of thin,


clear plastic food wrap (or place it in a baggie)


before suspending it in the gelatin. While the


results may not be as good, it is not as messy.
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METHOD 3


You may try suspending the bar magnet directly in the jar of oil instead of placing it in a test tube first.


METHODS 4 & 5


Because of possible fumes, Method 4 is safer than Method 5 and simpler. Solar print paper, which can be purchased at many toy stores and museum shops, can be used for the fast blue print paper. Follow manufacturers instructions.


METHOD 6


In the activities that use heat to melt the wax, the dark iron filings will absorb the heat from the heat source more rapidly than will the white waxed surface. So, the filings will melt the wax beneath them and settle into the waxed layer. When dry, they will be permanently in place.

MAGNETS AND MAGNETISM
2B3TN

HOW CAN WE “SEE” MAGNETIC FIELDS?  2

Use only methods the students will be able to do by themselves. You will be extremely busy.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Magnetic lines of force are invisible to the eye. 
They can, however, be made visible. Permanent 
records are highly desirable because they serve as proof of patterns and observations. Iron filings will line up on the lines of force in the magnetic field in a three‑dimensional pattern.

POSSIBLE EXTENSIONS:
If you have success with these activities, you might 
want to repeat them with two magnets, with a 
horseshoe magnet or magnets of other shapes.

MAGNETS AND MAGNETISM
2B4

THE MAGNETIC FIELD ABOUT TWO MAGNETS 
Materials:
two bar magnets


sheet of white paper or plexiglas or acetate


iron filings and a vial


shaker

1. 
Lay 2 bar magnets on a flat surface. Arrange the magnets with the North Pole of one magnet about 4 cm from
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2.
Place a piece of paper on top of the magnets.

3.
Sprinkle iron filings over the paper.

4.
Tap the paper gently. What happens?



____________________________________________________________________________________


____________________________________________________________________________________
5.
Draw the resulting pattern below.

6.
What do you think will happen if you repeat the experiment, but Move the two magnets farther apart? Try it and draw your observations.



____________________________________________________________________________________


____________________________________________________________________________________
MAGNETS AND MAGNETISM
2B4

THE MAGNETIC FIELD ABOUT TWO MAGNETS  2
7.
What do you think would happen if you did the same experiment, but this time, placed the North and South Poles of the two magnets 4 cm apart?



____________________________________________________________________________________


____________________________________________________________________________________
8.
Now test your prediction by placing the two unlike poles about 4 cm from one another as shown below.
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9. 
Draw your observations.

10.
What can you conclude about the pattern made by the iron filings when like poles are placed together? Unlike poles?



____________________________________________________________________________________


____________________________________________________________________________________
MAGNETS AND MAGNETISM
2B4TN

THE MAGNETIC FIELD ABOUT TWO MAGNETS

IDEA:
PROCESS SKILLS:

The direction and strength of the
Observing

magnetic field about two or more
Communicating

magnets depends on the strength
Inferring

and relative position of the magnets.
Predicting


Replicating Procedures


Formulating Models
LEVEL: L/U
DURATION: 30 Min.

STUDENT BACKGROUND:

ADVANCE PREPARATION:

MANAGEMENT TIPS:
Remind the students to keep filings off the magnets. Provide instruction on what to do with the iron filings after finishing the activity. This activity can be done as a demonstration on the overhead projector with a plexiglas or acetate sheet.

RESPONSES TO

SOME QUESTIONS:
10.
Unlike poles: lines go together. Like poles: lines move 
away from each other.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

There is a single magnetic field that surrounds two or more magnets


placed near one another. The strength and direction of this field


depends on the individual magnets and their relative positions.


If two unlike poles face one. another, the lines of force leave the pole of one magnet and enter the pole of the other magnet. This indicates a force of attraction between the two poles.


BETWEEN TWO UNLIKE POLES:
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If like poles of two magnets are. near one another, lines of force from each pole bend away from each other. This indicates a repulsive force between the two poles.

MAGNETS AND MAGNETISM
2B4TN

THE MAGNETIC FIELD ABOUT TWO MAGNETS  2


BETWEEN TWO LIKE POLES:  
POSSIBLE EXTENSIONS:
This activity can be done with unmarked magnets. The students ran


then decide which are the like poles and the unlike poles by observing


the lines of force.


Students ran also do this activity with other shaped magnets, such as


two ceramic disk magnets or two horseshoe magnets.


MAGNETS AND MAGNETISM
2B5D
MAGNETIC FIELDS AROUND MAGNETS


                                   The magnetic field 
                     The magnetic field

                                 between unlike poles
                      between like poles

Like magnetic poles repel:


Unlike magnetic poles attract:


MAGNETS AND MAGNETISM
2B6F


FOCUS ON PHYSICS

MAGNETS AND THEIR MAGNETIC FIELDS

Magnetic forces can be detected around every magnet. These forces are caused by a magnetic field which surrounds the magnet. A magnetic field exerts a force on any magnetic material or a moving charge located in the field. The amount of force, or strength of the magnetic field is greatest near the poles of a magnet.

Magnetic field lines, such as those shown for different shaped magnets below, are often drawn to represent the relative strength and direction of the magnetic field. The distance between lines indicates the relative strength of the field. Notice that the lines are closest together near the poles where the magnetic field is strongest. Arrows may be drawn on the lines to show the direction of the magnetic field. The direction of the magnetic field is defined as the direction of the force on the North Pole of a magnet placed in the field. Regardless of the shape of the magnet, magnetic field lines always form closed loops, leaving the North Pole and entering the South Pole and then passing through the magnet.


The strength of the magnetic field at different locations around a magnet can be measured with an instrument called a magnetometer (pronounced mag‑NUH‑tahm‑uh‑tur). The field near the poles of a typical student bar magnet is typically several hundred times stronger than the magnetic field of the earth near its surface. A typical electromagnet has a field thousands of times stronger than earth’s.

MAGNETS AND MAGNETISM
2D1

IS IT ONLY TEMPORARY?

Materials:
bar magnet


iron nail


straight pins or staples

1.
In your left hand hold one end of the bar magnet. Hang the nail from the other end of the magnet.

2.
How many pins can you pick up with the nail?



____________________________________________________________________________________
3.
Can you explain why the nail is able to attract the pins?



____________________________________________________________________________________


____________________________________________________________________________________
4.
a.   Predict whether the nail has become a permanent or a temporary magnet.



____________________________________________________________________________________

b.   How could you test your prediction?


      ___________________________________________________________________________________

      ___________________________________________________________________________________

c. Try it. What happens? Why?



____________________________________________________________________________________


____________________________________________________________________________________
5.
Predict what will happen if you hold the nail 1 cm below the end of the bar magnet and try to pick up the pins. Do you think the nail will pick up any pins? If so, how many?



____________________________________________________________________________________


____________________________________________________________________________________
6.

Try it. How were the results different from when the nail was in contact with the bar magnet? Why?



____________________________________________________________________________________


____________________________________________________________________________________
7.
How many straight pins can you hang in a chain from the end of your bar magnet?



____________________________________________________________________________________


____________________________________________________________________________________
MAGNETS AND MAGNETISM
2D1TN

IS IT ONLY TEMPORARY?

IDEA:

PROCESS SKILLS:

When a magnetic material is placed

Observing

in a magnetic field, the material becomes

Inferring

magnetized by induction.

Predicting



Experimenting
LEVEL: L/U

DURATION: 10 Min.
STUDENT BACKGROUND:
Students should be familiar with domains in magnets and magnetic


materials, and should have been introduced to the concept of magnetic


fields.
ADVANCE PREPARATION:
Make sure bar magnets are strong enough for experiment to work.

MANAGEMENT TIPS:
Warn students not to use pins inappropriately!

RESPONSES TO
4.
The nail is a temporary magnet and loses its magnetism when

SOME QUESTIONS:

taken out of the magnetic field of a permanent magnet.


6.
The nail is not as strong a temporary magnet and will not hold as many pins.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1. 
The nail is made of a magnetic material, iron.


2.
When the iron nail is brought in contact with or near the permanent bar magnet, the magnetic field of the bar magnet causes many of the domains in the iron nail to line up in the same direction, and the nail becomes a magnet.


3.
The magnetism induced in the nail varies with the strength of the magnetic field in which it is placed. As the magnetic field around the nail becomes stronger, the domains of the nail in line with the magnetic field grow larger. Because the magnetic field surrounding the bar magnet is weaker farther away from the bar magnet, the nail does not become as strong a magnet when it is held at a distance from the bar magnet.


4.
The nail is a temporary magnet and quickly loses its magnetism when the bar magnet is removed. The domains in the nail do not remain aligned after the bar magnet is removed.


5.
Materials such as the iron in the nail are called magnetically soft. Such materials are easily magnetized by even a weak magnetic field, but quickly lose their magnetism when the magnetic field is removed. Magnetically soft materials can be made into temporary magnets.


Other magnetic materials, such as steel, are called magnetically hard. Magnetically hard materials are more difficult to magnetize, but because they retain their magnetism much longer, can be made into permanent magnets.
POSSIBLE EXTENSIONS:
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MAGNETISM AND ELECTRICITY

The activities in this section may be used to provide participants with an understanding of the relationships between magnetism and electricity and with some of their important applications.

While participants must, of course, be familiar with magnetic forces and fields prior to being presented with the information in this section, it is also helpful if they have a knowledge of the following basic electricity facts necessary for many of the activities:

1. 
Current electricity is the flow of electrons through a conductor. 
2. 
An electric circuit must be complete (closed) for electrons to flow. 
3. 
Electrons flow through a closed circuit from the negative terminal of the battery to the positive terminal. 
4. 
Electric current is the rate at which electrons flow. 
5. 
For a given circuit, increasing the terminal voltage of the battery (or power supply) increases the current.

Naive Ideas/Misconceptions:

Naive ideas and misconceptions are difficult to identify because most students (and non‑scientist adults) have not been exposed, either formally or informally, to the ideas introduced in this section.

A. 
A MAGNETIC FIELD SURROUNDS ANY WIRE CARRYING AN ELECTRIC CURRENT,

1. 
Activity: “How Are Magnetism and Electricity Related?”

This is a great introductory activity to allow participants to discover firsthand that a current‑carrying wire does, indeed, act as a magnet. If it is performed as a demonstration, it should be done on the overhead projector since there are visibility problems.

2.
Overhead/Discussion: “Oersted’s Serendipity.”

The overhead here may be used alone or in conjunction with the narrative of Oersteds historical discovery of the relationship between electricity and magnetism.

3.
Overhead/Demonstration: “Magnetic Field Surrounding A Current‑Carrying Wire.”

When using this overhead, point out that the magnetic field lines form concentric circles about the straight current‑carrying wire, and the strength of the magnetic field diminishes with distance from the wire. The strength of the field also depends on the amount of current in the wire. This overhead may be replaced by, or supplemented with an actual demonstration. Instructions for performing this demonstration are not included here because of its limited effectiveness, because it is tedious to set up, and because it requires equipment and materials not included in the kit.

4.
Overhead: “Direction of Magnetic Field Surrounding A Current‑Carrying Wire.”

This overhead illustrates that the direction of the magnetic field about a current‑carrying wire depends upon the direction in which electrons flow through the wire. Reversing the direction of the current reverses the direction of the magnetic field.

5.
Overhead: “First Left‑Hand Rule ‑ Determining the Direction of the Magnetic Field About a Current Carrying Wire.”
When the thumb of the left hand points in the direction of the current, the fingers curl in the direction of the magnetic field. It might be helpful to point out that this is only one of several useful left‑hand rules. All current directions are assumed to be based on electron flow, from negative to positive.
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6.
Overhead: “Magnetic Field About a Loop of Current‑Carrying Wire.”

This overhead shows the magnetic field surrounding a loop of current‑carrying wire. The left‑hand rule introduced above may be applied to explain the direction of the magnetic field both inside and outside the loop.

7.
Overhead: “Magnetic Field About a Coil of Current‑Carrying Wire.”

These actual photographs of iron filings in the magnetic fields of a current loop and a coil of current carrying wire can be used to show that the same rule applies to a coil, or series of loops, of current‑carrying wire as to a single current loop. The cod merely intensifies the strength of the magnetic field by adding together the fields of each of the individual loops that comprise the coil.

B. 
A COIL OF CURRENT‑CARRYING WIRE ACTS LIKE A MAGNET.
I. 
Activity: “How Does an Electromagnet Work?”

This activity not only shows that a coil of current‑carrying wire behaves like a magnet, but that placing an iron core inside the coil greatly intensifies the magnetic field. The presence of the iron core, which becomes magnetized by induction, can multiply the strength of the magnetic field by a factor of 102 to 103. The first electromagnet, invented by William Sturgeon in England in 1824, lifted nine pounds. Modem electromagnets used in industry for such purposes as loading scrap metal can typically lift 50,000 pounds of iron ore.

2.
Overhead: “Second Left‑Hand Rule ‑ Determining the Direction of the Magnetic Field for a Coil of Current‑Carrying Wire.”

This second left‑hand rule is just the opposite of the first one. When the fingers of the left hand are curled in the direction of the current in a coil, the thumb points in the direction of the North Pole.

3.

Overheads (3): “Electromagnet Applications.”

These examples of applications of electromagnetism not only provide participants with insight into the important and varied ways in which electromagnets are used daily, but help reinforce basic principles of electromagnetism. One or more of them might be actually demonstrated.

a.
“The Telephone Receiver”‑ Notice the coil of wire in the receiver that acts as an electromagnet. Current in the phone line alters with the frequency of the spoken voice. Quickly timing the current on and off makes the electromagnet respectively attract and release the metal disk. This movement or vibration, of the disk sends out the sound waves that you hear as a person’s voice.

b.
“The Circuit Breaker” ‑ As the current in the circuit increases, the electromagnet becomes stronger. If the current becomes too great, the electromagnet becomes strong enough to pull the metal bar away from its contact points, thus breaking the circuit.

c.
“The Doorbell” ‑ Flipping a switch or pushing a button completes the circuit to turn on the electromagnet which puffs the clapper toward the gong and away from its contact points. This breaks the circuit, turning off the electromagnet, and the clapper falls back to its original position. This cycle is repeated many times per second.
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4. 
Demonstration (Optional): “A Horseshoe Electromagnet”

This optional demonstration is interesting because it is possible to produce a magnet that has like poles at each end. The U‑shaped piece of unmagnetized iron needed for the demonstration is not included in the kit.

5. 
Activity: “How is a Magnet Used to Detect Electric Current?”

In this activity, participants will learn how to build a simple current detector which they will use in later activities. A current detector made with a compass designed for use on an overhead projector may be constructed for the workshop leader to use for demonstration and discussion purposes.

C.
A CHANGING MAGNETIC FIELD CAN PRODUCE AN ELECTRIC CURRENT IN A WIRE.
1. 
Activity: “How Can a Magnet Produce Electricity?”

This activity illustrates that whenever a conducting wire cuts through magnetic field lines, a current is induced in the wire. In this activity, this is accomplished by:


a)
moving a magnet inside a coil of wire; and


b)
moving a coil of wire over a stationary magnet.

2. 
Overhead: “The Electric Generator.”

The electric generator operates on the principle that a current is produced in a conductor when it is moved in a magnet field. As the coil of wire in the hand‑cranked generator diagrammed is made to turn in a stationary magnetic field, an electric current is induced in the wire. The current may be increased by making the coil spin faster (more field lines are cut per unit time) or by using stronger stationary magnets (increasing the strength of the magnetic field).


If a hand‑cranked generator is available, the generator’s operation can be demonstrated. Be sure to point out that the generator transforms mechanical energy into electrical energy. Large electric generators use moving water, moving steam, or wind as the source of mechanical energy which makes a conductor move in a stationary magnetic field to produce electricity.


If a hand‑cranked generator is not available, consider demonstrating the operation of a bicycle lamp generator, explaining how the turning wheel of the bike provides the mechanical energy that is converted by the generator into electrical energy to light the lamp.

3. 
Overhead (Optional): “The Transformer”

In the transformer, alternating current through the first coil creates the changing magnetic field that induces an electric current in the second coil. Ile discussion of the transformer is important because the magnetic field is produced not by a permanent magnet, but instead by a current‑carrying coil of wire. Alternating current in the first cod produces a continually changing magnetic field necessary to induce a current in the second coil. The transformer would not work on direct current because there would be no changing magnetic field. If participants have the necessary background in electricity, you might explain the operation of step‑up and step‑down transformers and their function in high‑power transmission lines.
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It is also possible to make a demonstration transformer if you have a suitable U‑shaped soft iron core available. For best results, the arms of the iron core should be separated by no more than about 5 cm. Tightly coil a piece of insulated wire around each side of the iron core. Carefully connect the wires from the first coil to a high voltage power supply, making sure the supply is turned off. Connect the wires from the second coil to a current detector or galvanometer. (Using one that can be projected on the overhead projector is recommended). Turn on and slowly increase the voltage of the power supply until a reading is obtained on the current detector. Since this is direct current, the power supply must be turned quickly off and on to produce the changing magnetic field necessary for a continuous current through the detector. Demonstration transformers are available from many science supply houses.

D.
WHEN AN ELECTRIC CURRENT PASSES THROUGH A CONDUCTOR IN A MAGNETIC FIELD, THE CONDUCTOR MOVES.
1. 
Activity: “Making a Compass Needle Spin”.


A pulsed current passing through a wire coiled about a compass causes the compass needle to spin.

2. Activity: “What Makes a Motor Work?”

This simple and inexpensive motor is great to illustrate the principles on which a motor operates. Be sure to build one yourself though, before trying it in a workshop!


At this point, it is helpful to discuss the difference between a motor and a generator. A motor and a generator are, essentially, the same device. Both usually have a movable coil of conducting wire and stationary magnets. In the motor, mechanical energy is converted to electrical energy. When the coil of wire is made to spin in the stationary magnetic field, a current is induced in the wire coil. In the generator, electrical energy is converted into mechanical energy. Current in the coil of wire located in the stationary magnetic field causes the coil to begin spinning.

3. 
Demonstration (Optional): “The Motor Generator.”

It is possible to demonstrate that a motor and a generator are essentially the same device if you have a small motor like the ones used in most high school physics classes available. You might do this as a group activity if you have enough small motors and fishing weights.

MAGNETS AND MAGNETISM
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HOW ARE MAGNETISM AND ELECTRICITY RELATED?

Materials:
1 6‑volt battery


30 cm length of insulated copper wire, stripped 1 cm at ends and 3 cm at center


iron filings, fine


sheet of paper

1. 
Sprinkle some iron filings on a sheet of paper.

2.
Connect the ends of the copper wire to the terminals of the battery.

3.
Holding the insulated part of the wire, place the exposed copper in the center of the wire on the iron filings. Slowly lift the wire.

4.
Observe and record what happens.



___________________________________________________________________________________


___________________________________________________________________________________
5.
Predict what will happen if one wire is disconnected from the battery.



___________________________________________________________________________________


___________________________________________________________________________________
6.
Try disconnecting one wire from the battery to see what actually does happen.

7.
Experiment with small bits of paper substituted for the iron filings.

8.
Compare the results of the experiment with the iron filings with the experiment with the bits of paper.



___________________________________________________________________________________


___________________________________________________________________________________
9.

From your experiments, what can you infer about the relationship between electricity and magnetism?



___________________________________________________________________________________


___________________________________________________________________________________
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HOW ARE MAGNETISM AND ELECTRICITY RELATED?

IDEA:
PROCESS SKILLS:

There is a magnetic field around any
Observing

wire carrying a current.
Communicating


Predicting


Comparing


Inferring


Experimenting
LEVEL: U
DURATION: 15 Min.

STUDENT BACKGROUND:
While it is not necessary that students have previously been exposed to an in‑depth study of electric circuits, it is important that students recognize the difference between an open and closed circuit

ADVANCE PREPARA71ON:
Sets of materials should be prepared to enable students to work in groups of 2‑3. Pre‑cut 30 cm and 10 cm lengths of insulated copper wire (25‑30 gauge) and use wire strippers to strip the ends of both and the center of the longer wire.


Caution: 
Do not use wet cells for this activity because of explosion danger. You ran try this activity using a single 6‑volt battery, but it is not as effective. A “Genecon” may be substituted for the batteries.


Bits of steel wool from soap less steel wool pads may be effectively substituted for the iron filings.

MANAGEMENT TIPS:
Iron filings can be conveniently distributed in small medicine vials or similar containers.


Bits of paper should be confetti‑size.


Try this experiment before using it with students. If it does riot work well, try making a loop out of the exposed section of the copper wire which is used to pick up the iron filings.


MAGNETS AND MAGNETISM
3A1TN

HOW ARE MAGNETISM AND ELECTRICITY RELATED?  2

While this activity may be conducted as a teacher demonstration,


visibility problems make it more desirable for use as a student


experiment. Students should be instructed to disconnect the copper


wire from the battery upon completion of each part of the experiment


to prevent the exposed copper wire from becoming hot and to prevent


using up the battery.

RESPONSES TO

SOME QUESTIONS:
4.

Students should observe that the iron filings are attracted to the wire similar to the way they are attracted to a magnet.

5. 
While student predictions may vary, the correct prediction is that the iron filings will fall off the wire once the circuit is disconnected.

8.

While the iron filings are attracted to the current‑carrying wire,



the paper is not.

9.

When an electric current flows through a wire, the wire becomes



a magnet.
POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
A current‑carrying wire behaves as a magnet. There is a magnetic


field around any wire carrying a current.

POSSIBLE EXTENSIONS:

MAGNETS AND MAGNETISM 
3A2D
OERSTED’S SERENDIPITY

(Discussion)

In the early 1700’s, reports of lightning changing the direction of compass needles and making magnets out of objects such as knives and forks led scientists to suspect a relationship between electricity and magnetism. The first concrete evidence of such a relationship was discovered by a Danish school teacher, Hans Christian Oersted in 1820. As the story goes, his discovery was quite accidental. As Oersted absent‑mindedly laid the current‑carrying wire of all electric circuit beside a magnetic compass, he happened to notice the compass needle turn. He immediately recognized that the magnetic field that had turned the needle could have only come from electricity.

(Show Overhead ‑ “Oersted’s Serendipity”)

Experimenting further, Oersted placed the magnetic compass directly above a long conducting wire running north-south so that the compass needle and the wire were naturally aligned parallel. He found that when the ends of the wire were connected to the terminals of a battery, the compass needle immediately swung to an east‑west position, perpendicular to the wire. As soon as the wire was disconnected from the battery, the compass needle returned to its normal north‑south orientation. From this, Oersted concluded that there must be a magnetic field produced by a current‑carrying wire.

Furthermore, Oersted found that when the experiment was repeated with the compass placed beneath instead of above the wire, the needle of the compass swung in an opposite direction to assume its perpendicular position.

Both the turning effect on the compass produced by the current‑carrying wire, and the finding that the magnetic field above the wire and beneath the wire were opposite in direction, led Oersted to the conclusion that a current‑carrying wire is encircled by a magnetic field.
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MAGNETS AND MAGNETISM
3A3D
MAGNETIC FIELD SURROUNDING A CURRENT‑CARRYING WIRE


(Demonstration)

Materials:
Plexiglas square approximately 8” x 8”)


4 corks

glue


drill


copper wire


iron filings (fine)


power supply


overhead projector


overhead projector compass

Drill a small hole in the center of the Plexiglas square. Glue a cork under each comer of the square so it can sit on the stage of the overhead projector. Run the copper wire through the hole in the Plexiglas, stripping the small section of the wire that runs through the hole. Also, strip the ends of the copper wire so that it may be connected to the power supply. Place the Plexiglas apparatus on the stage of the overhead projector, and connect the ends of the copper wire to the power supply with the supply turned OFF. Sprinkle iron filings around the exposed copper wire on the Plexiglas. Turn on the power supply and tap the Plexiglas gently.

NOTE: It is recommended that you try this demonstration with about 6 volts and gradually increase the voltage in repeated trials until the iron filings arrange themselves to illustrate the magnetic field. CAUTION should be exercised, both because of the potentially high current and because the exposed wire can become quite hot!

Try repeating the demonstration, but instead of using iron filings, place an overhead compass on the Plexiglas at different locations about the wire to notice the direction of the magnetic field.

IMMEDIATELY DISCONNECT THE POWER SUPPLY AFTER THIS DEMONSTRATION.

This demonstration apparatus is commercially available from CENCO and other science suppliers.
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MAGNETS AND MAGNETISM 
3A4

DIRECTION OF MAGNETIC FIELD SURROUNDING A

CURRENT‑CARRYING WIRE

ELECTRON FLOW

ELECTRON FLOW


MAGNETS AND MAGNETISM
3A6D
MAGNETIC FIELD ABOUT A LOOP OF CURRENT‑CARRYING WIRE


MAGNETS AND MAGNETISM
3A7D
MAGNETIC FIELD ABOUT A COIL OF CURRENT‑ CARRYING WIRE
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HOW DOES AN ELECTROMAGNET WORK?

Materials:
2 6‑volt batteries


2 large iron nails


2 ‑ 1 meter lengths of insulated copper wire


112 meter insulated copper wire


20 small paper clips


compass


iron filings (optional)

1.
Wrap the wire around the nail as shown in the diagram. Make at least 20 turns around the nail, leaving at least one foot of wire free at each end.

2.
Connect the coil of wire and nail to a battery as shown in the diagram. You have now made, an electromagnet.

3.
During this experiment, do not leave the battery connected for more than about a minute at a time. Disconnect one wire between parts of the experiment to avoid draining the battery.

4.
With the wires connected to the battery terminals, try to pick up some iron filings or paper clips with the coil of wire and nail.


Predict what will happen when one, wire is disconnected.



___________________________________________________________________________________


___________________________________________________________________________________

Try it and record your observations.



___________________________________________________________________________________


___________________________________________________________________________________
5.

Experiment by trying to pick up iron filings or paper clips to find where your electromagnet is strongest.



___________________________________________________________________________________
6.
Place the compass at the pointed end of the nail. Connect the wires to the battery and carefully observe the compass needle. Then bring the compass near the head of the nail and observe the needle.


What can you infer about the poles at the ends of the nail?



___________________________________________________________________________________


___________________________________________________________________________________
I
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7.

Predict what will happen if you reverse the connections to the battery and repeat step 6.



____________________________________________________________________________________


____________________________________________________________________________________

Try it and record your observations.

8.
Remove the nail from the coil. Experiment to compare the magnetic strength of the empty coil with that of the coil containing the nail.



____________________________________________________________________________________


____________________________________________________________________________________
9.
Predict what will happen to the strength of the electromagnet if two nails are placed inside the coil of wire.


Try it. Was your prediction correct?



____________________________________________________________________________________
10.

Hypothesize ways to increase the strength of your electromagnet.



____________________________________________________________________________________


____________________________________________________________________________________

Experiment to test your hypotheses. For each hypothesis you test, make a chart to display your results.

11.

From your experiments, can you list three ways to increase the strength of an electromagnet?



____________________________________________________________________________________


____________________________________________________________________________________
12.

What are some advantages that an electromagnet has over a regular magnet?



____________________________________________________________________________________


____________________________________________________________________________________
13.

Apply what you have learned to think of at least one special use for an electromagnet.



____________________________________________________________________________________


___________________________________________________________________________________
MAGNETS AND MAGNETISM
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HOW DOES AN ELECTROMAGNET WORK?

IDEA:
PROCESS SKILLS:

There is a magnetic field around a wire
Observing

carrying a current.
Communicating


Predicting


Inferring


Hypothesizing


Experimenting
LEVEL: U
DURATION: 45 Min.

STUDENT BACKGROUND:
It is helpful if students have had some experience in wiring electric circuits.

ADVANCE PREPARATION:
Enough sets of materials should be available for students to work in groups of 2‑3.

MANAGEMENT TIPS:
“D” cell flashlight batteries may be substituted for the 6‑volt lantern batteries, but it is recommended that battery cases be used to hold them. Use pieces of 22‑24 gauge insulated bell wire stripped at both ends to allow contacts to be made. A knife switch may be used to control the circuit instead of having to connect and disconnect one of the wires. A 3 to 4 inch iron nail or bolt works well for the core of the electromagnet.


Either during or following the activity, point out that an electromagnet is a “temporary” rather than “permanent” magnet. After the activity, have the students share and discuss their findings to maximize the learning which takes place.

RESPONSES TO

SOME QUESTIONS:
4.

Question 1: Students should predict that only when the circuit is



completed does the wire‑coiled nail act as a magnet.


Question 2: The students may find that when the circuit is broken, a few iron filings or one small paper clip may remain attracted to the nail. This is because the iron nail may retain some of the magnetism that it has acquired from the magnetic field surrounding the current‑carrying wire.


5.
The electromagnet is strongest at the ends of the nail. These are the poles of the electromagnet.


6.
Students should report that the ends, or poles, of the electromagnet are opposite poles because opposite ends of the compass needle are attracted to the two ends of the nail. In its unmagnetized state, the nail will attract either end of the compass needle. In an electromagnet, each end of the nail acquires a polarity and
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attracts only the end of the compass needle having an opposite polarity. Thus, it is the South Pole of the electromagnet which attracts the North Pole of the compass and vice versa.


7.
Students should find that reversing the direction of the current flow reverses the polarity of the electromagnet.


8.
Students should discover that an empty coil of current‑carrying wire is a magnet, but it is not as strong as the one containing the iron nail. It is important for students to recognize that the magnetic field is created by the current‑carrying wire. The iron core becomes magnetized by induction, enhancing the magnetic field.


9.
Using two nails increases the size of the iron core and should increase the strength of the electromagnet.


10.
Students should be able to suggest that by either increasing the number of coils of wire, or by using two batteries instead of one, the strength of the electromagnet can be increased.


11.
The three ways to increase the strength of an electromagnet are to increase the size of the core, the number of coils of wire, and the strength of the electric current.


12.
Advantages of an electromagnet include the fact that it can turned on and off, it can be made stronger or weaker, and its poles can be reversed.


13.
Answers will vary. Students may suggest, for example, that



an electromagnet could be used to pick up a spilled container



of straight pins so that once the pins have been collected, they



can be easily released from the magnet by disconnecting the



electric circuit.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Students should recognize that current only flows through a closed


circuit, that reversing the connections to the battery reverses the


direction of the current, and the amount of current that flows through


a given circuit depends on the size of the battery.


A coil of wire that uses an electric current to make a strong magnetic


field is called an electromagnet. The students can see that not only


does a current‑carrying wire act as a magnet, but the polarity of the


magnet depends on the direction in which the current flows. The


students should discover that the strength of the electromagnet


depends on three factors: the presence and size of an iron core, the


number of coils, and the amount of current.

POSSIBLE EXTENSIONS:

MAGNETS AND MAGNETISM
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HOW IS A MAGNET USED TO DETECT ELECTRIC CURRENT?

Materials:
compass


1 meter bell wire


flashlight battery (1‑5 volt)


lantern battery (6 volt)

1.
Turn the compass so that the needle is pointing in the north‑south direction.

2.
Wind about 15 turns of the bell wire around the compass in a north‑south direction as shown in the diagram. Leave about 30 cm of wire free at each end. Strip the insulation off the ends of the. wire.

3.
Keeping your eye on the compass needle, attach the ends of the wire to the terminals of the flashlight battery. Notice the direction and distance the compass needle swings. Record all of your observations.



___________________________________________________________________________________


___________________________________________________________________________________
4.
What happens to the compass needle when the wires are disconnected from the battery?



___________________________________________________________________________________


___________________________________________________________________________________
5.
Now connect the wires to the terminals of the lantern battery and record your observations.



___________________________________________________________________________________


___________________________________________________________________________________
6.

Try reversing the wire, connections with the battery. How does the compass reading differ?



___________________________________________________________________________________


___________________________________________________________________________________
7.

Can you infer what causes the compass needle to swing away from its north position?



___________________________________________________________________________________


___________________________________________________________________________________
8.

Can you suggest why the wire‑wrapped compass is called a current detector



___________________________________________________________________________________


___________________________________________________________________________________
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HOW IS A MAGNET USED TO DETECT ELECTRIC CURRENT?

IDEA:

PROCESS SKILLS:

A magnetic field surrounds any current‑

Observing

carrying wire.

Communicating



Inferring
LEVEL: U

DURATION: 20 Min
STUDENT BACKGROUND:
Students should have already been introduced to the idea that a


magnetic field surrounds a current‑carrying wire. This activity


provides a reinforcement and application of this idea.

ADVANCE PREPARATION:
Enough materials should be prepared to allow students to work in


groups of 2‑3.

MANAGEMENT TIPS:
You can save time and frustration by assembling the current detector


prior to the workshop. Wrap the wire around the compass, taping the


coils in place.


If you have flashlight battery holders, provide one for each group to


use,. Otherwise, students will have to hold or tape. the wires to the


ends of the flashlight battery. It is also helpful to provide pre‑cut I


meter lengths of 24‑30 gauge bell wire with the ends pre‑stripped.


In this activity, students are constructing and using a “current


detector” that can be used in subsequent activities. It is actually a


very simple galvanoscope which works much like a galvanometer in


detecting the flow of electrons through a wire.

RESPONSES TO

SOME QUESTIONS:
3.

Students should indicate the direction and distance the compass



needle swings.


4.

The compass needle should return to its original north‑seeking



position.


5.

Students may notice a difference in the amount of deflection of



the compass needle for the 1.5 V and 6 V batteries. The larger



current of the 6 V battery produces a stronger magnetic field. If



batteries are fresh, however, both might produce maximum



deflection of the needle.


6.

The compass should swing in the opposite direction. Reversing



the direction of current reverses the direction of the magnetic field



surrounding the wire coil.


7.
When there is current in the coil, a magnetic field surrounds the oil and affects the magnetic compass needle.


8.
Because the compass needle swings whenever there is current in the wire coil, it can be used to detect the presence of a current.

POINTS TO EMPHASIZE IN 
THE SUMMARY DISCUSSION:

POSSIBLE EXTENSIONS:

MAGNETS AND MAGNETISM
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HOW CAN A MAGNET PRODUCE ELECTRICITY?

Materials:
2 ‑5 m of insulated wire (stripped at ends)


toilet paper tube


bar magnet


current detector (built in previous activity)

1. 
Make a coil of wire by wrapping the wire about 15‑20 turns on the toilet paper tube.


2.
Twist each of the exposed ends of the wire coil together with one of the exposed ends of the wire from the current detector as shown in the diagram.

3.
Now move the bar magnet in and out of the wire coil and observe any change in the needle of the current detector.

4.
What happens if the magnet stops moving?



___________________________________________________________________________________


__________________________________________________________________________________
5.
When is electricity produced in the wire?



___________________________________________________________________________________


___________________________________________________________________________________
6.

Predict what will happen if you turn the magnet around and push the opposite end in and out of the coil.



___________________________________________________________________________________


___________________________________________________________________________________

Try it! Was your prediction correct?



___________________________________________________________________________________
7.
Now try holding the magnet still and moving the coil back and forth over the magnet. What happens?



___________________________________________________________________________________


___________________________________________________________________________________
8.
Experiment to see if you can find a way to make the needle swing further on the current detector. Record your findings.

9.
Explain how magnetism can be used to produce an electric current.



___________________________________________________________________________________


___________________________________________________________________________________
MAGNETS AND MAGNETISM
3C1TN

HOW CAN A MAGNET PRODUCE ELECTRICITY?

IDEA:
PROCESS SKILLS:

A changing magnetic field can produce a
Observing

current in a wire.
Communicating


Inferring


Controlling Variables


Experimenting
LEVEL: U
DURATION: 20 Min.

STUDENT BACKGROUND:
Students should already be familiar with the current detector (galvanoscope).

ADVANCE PREPARATION:
Cut wire into 2.5 m lengths and strip ends. Each group will require its own bar magnet and current detector. Galvanometers may be substituted for the current detectors.

MANAGEMENT TIPS: 
For best results, students should work in pairs on this activity.


Make sure the current detector is at a distance of about a foot from the


empty coil and magnet. Otherwise, the nearness of the magnet may


affect the compass reading. Twist ties from baggies may be used to


hold the coil of wire together.

RESPONSES TO

SOME QUESTIONS:
3.
There is no deflection of the compass needle.


4. 
Electricity is only produced when the magnet is moving.


5.
Reversing the direction of the magnetic field reverses the



direction of the induced current, causing the needle of the current



detector to swing in the opposite direction.


6.
An electric current is induced in the wire as long as there is



relative motion between the coil and the magnet. It does not



matter whether the magnet moves or the coil moves.


7.

The amount of current can be increased by moving the magnet



faster, using a stronger magnet (or two magnets together) or by



increasing the number of loops in the wire coil.


8.

Answers will vary. A current is induced in a conductor when it



is placed in a changing magnetic field.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
When there is relative motion between a coil of wire and a magnetic


field, a current is caused, or induced, in the wire. It does not matter


whether the coil moves or whether the magnetic field changes, as


long as the coil “cuts through” the lines of force of the magnetic


field.
POSSIBLE EXTENSIONS:
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WHAT MAKES A MOTOR WORK?

Materials:
styrofoam cup


flashlight battery (1‑5 volt)


2 paper clips


1 meter (about 3 feet) winding wire


small disk or rectangular magnet from Radio Shack


sandpaper


masking tape


test tube

1
Wrap your wire around the test tube or other cylindrical object to make a tight coil. Leave several centimeters of wire free at each end of the coil. Loop each of these ends around the coil as diagrammed to hold the coil together. Using sand paper, remove 2‑3 cm of the insulation from each of the ends of the wire.

2.
Place the styrofoarn cup upside down on the table. Lay the battery on top of it and tape. it securely to the cup.

3.
Tape the magnet to the top of the battery. Many batteries have steel jackets. The magnet will stick to the top of the battery.

4.
Bend the two paper clips as shown, and securely tape one to each end of the battery. Be sure each paper clip makes a good contact with the battery terminal. You might want to wrap a rubber band around the battery and paper clips to help hold them tightly in place.

5.
Now carefully lay the coil of wire across the paper clip supports, making sure that the stripped ends of the coil are touching the paper clips. If nothing happens, give the coil a little spin. Re‑cord your observations.



____________________________________________________________________________________


____________________________________________________________________________________
6.

Experiment to find a way to make the coil change the direction in which it spins. Describe your experiment.



____________________________________________________________________________________


____________________________________________________________________________________
7.

The device that you have made is a motor.   Can you suggest some practical uses for a motor?



____________________________________________________________________________________


____________________________________________________________________________________
8. 
Explain how your motor uses both electricity and magnetism.



____________________________________________________________________________________


____________________________________________________________________________________
9. 
Predict ways that you could change your motor to make it spin faster.



____________________________________________________________________________________


____________________________________________________________________________________
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IDEA:
PROCESS SKILLS:
When an electric current passes through a
Observing

conductor in a magnetic field, the conductor
Communicating

moves.
Predicting


Inferring


Experimenting
LEVEL: U
DURATION: 50 Min.

STUDENT BACKGROUND:

Students should already be familiar with the idea that a coil of current‑carrying


wire acts like a magnet. They should also know that both the number of coils


in the wire and the amount of current flowing through the wire determine the


strength of the magnetic field produced, and the direction of the current


determines the direction of the magnetic field. These necessary background ideas


can be developed by having students build and experiment with electromagnets.

ADVANCE PREPARATION:

It is strongly recommended that you construct this motor before assigning it as


an activity for students. To save time, you might have the wire coils, with ends


stripped, already prepared for the students. It might also be wise, especially for


younger students, to have the paper clips already bent into the proper shape.

MANAGEMENT TIPS:
Not only can your motor serve as a model for the students to aid them in constructing theirs, but you will have an opportunity to “trouble‑shoot” the motor and learn firsthand things that might prevent the motor from operating properly.


The winding wire called for is a fairly thin wire with a painted coating of insulation. A well‑insulated wire will ‘not work for this activity. If the motor does not work properly, there are several things that should be checked. Be sure the loops of wire around the coil are centered so that the coil spins smoothly and evenly. Make sure the wires from the coil are stripped at the points where they make contact with the paper clips from the battery. Also make sure that the paper clips make good contact with the battery terminals. If the coil rocks back and forth instead of spinning, adjust the alignment of the paper clip supports and check the wrapping of the ends of wire around the coil to insure proper balance. If these measures fail, try replacing the battery, using a stronger magnet (or two magnets placed together), or increasing the number of loops in the coil.


Even though the student motors may be tedious to construct and troubleshoot, this activity is well worth the effort. There is no comparison between the excitement and learning that takes place with the student‑built motors and with demonstration or pictorial models of motors. An alternate design for making a simple electric motor has been provided by General Motors on page 3 of the teacher notes. This new design may get around some of the frustrations found in the design in the activity but has frustrations of its own.
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RESPONSES TO

SOME QUESTIONS:
5. 
Students should observe that the coil spins.


6.
Students might correctly predict that the coil may be made to spin in an opposite direction by changing the direction of the magnetic field of either the current‑carrying coil or the stationary bar magnet. This can be accomplished by either changing the direction of the current through the coil or by reversing the position of the bar magnet.


7.
Answers may vary, but generally, motors are used to turn fan blades or axels, drive generators, etc.


8.
Depth of student answers will depend on age and experience. When an electric current passes through a conductor in a magnetic field, a force is exerted on the conductor (wire coil) causing it to move.


9.
Students might suggest bringing the magnet closer to the coil, using a larger battery or two batteries connected in series, using a stronger magnet, or increasing the amount of wire used to make the coil. All of these increase the strength of the magnetic field and, therefore, the magnetic force that acts on the coil. If time permits, allow students to try out some of their ideas.
POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

When a movable (free to spin) coil of current‑carrying wire is placed in a



magnetic field, a force is exerted on the coil causing it to move.

SPECIAL NOTE: To avoid potential misconceptions, it is important for 
the teacher to understand why this “motor” works and how it is different from typical motors. When the current‑carrying coil is placed in the field of the bar


magnet, a force acts on the coil causing it to move. Because the force is a


constant force acting in a single direction, the coil should only turn in the


direction of the force, and once aligned it should stop moving. A real motor


uses either alternating current or has a commutator. These cause the direction of


the force to continually change. The continually changing direction of the force


on the coil in a real motor causes it to continue to spin. So why does the


styrofoarn cup motor work? It works only when the coil is slightly out of


balance, usually be‑cause one side of the coil has more turns of wire than the


other side. If you look carefully at the coil as it spins, you will notice that it


“jumps” as it turns. It alternately “makes” and “breaks” the connection with the


paper clip supports. The current in the wire is “on and off’. Consequently, an


“on and off” force acts on the coil. The first force pushes on the coil causing it


to turn in the direction of the force. When the force is removed, the coil


continues to turn a bit from its own momentum, past the “steady state”
direction where it would eventually come to rest if the force were continual. 

The next force again pushes on the coil, and because it already has some momentum, 
it continues to turn in the same direction. This is the way that new “pulsed 
current” motors operate. As an analogy, you can ask the audience to imagine 
aiming a water hose directly at the coil, and to compare the behavior of the coil 
in a steady hard stream of water (the coil will come to rest lined up with the stream) with its behavior in a pulsed water stream (the coil will continue to turn.)
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THE MOTOR GENERATOR

(Optional Demonstration)

Materials:
small motor (as used in high school physics classes)


6 volt battery


current detector or galvanometer


string or fishing line


fishing weights


small light bulb and socket

Connect the wires from the motor to the battery to demonstrate its proper use.

To demonstrate how the motor can also be used as a generator, connect the wires from the motor to a current detector instead of to the battery. Wind a 1 meter length of string or fishing line, with weights attached to the end, around the motor shaft. Let the suspended weights fall. The mechanical energy of the falling weights is converted into electricity by the “generator.”
Try connecting the wires from the motor to a small low‑voltage light bulb. The falling weights should cause the bulb to dimly light. If unsuccessful, try adding more fishing weights to the end of the string.
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