


Magnets and Electromagnetism

♦

How Would a Magnet
Work on the Moon?

♦

«

%

Four friends were wondering it gravity had an effect on magnets. They each had dif

ferent ideas about how a magnet would work on the moon. Here is what they said:
o

Leif: A magnet would work the same as it does on Earth.

A magnet would work but it wouldn’t be as strong as it is on Earth.Imani:o

9

A magnet would work the opposite way on the Moon. It would repel
rather than attract iron.

Jasmine:
o

A magnet wouldn’t work at all on the Moon.Nate:
9

9

Explain why you agree.W^ith whom do you agree the most?

o

9

c»

9

a

9
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Magnets and Electromagnetism

How Would a Magnet
Work on the Moon?

Teacher Notes

atmosphere) are different from conditions
on Earth.

Purpose
The purpose of this assessment probe is to elicit
students’ ideas about magnetism. The probe
is designed to reveal whether students think
gravity has an effect on magnetism.

Related Research

● Researchers have found that some students

link magnetism with gravity. Students
sometimes describe gravity as a magnetic
force drawing objects toward the Earth.
Conversely, some students refer to magne
tism as a type of gravity (Driver et al. 1994).

● Borges and Gilbert (1998) found that
among secondary, university, and graduate
students, the majority retained naiVe and
scientifically flawed concepts about mag
netism, even after long periods of study.

● A study of students ages 9 to 14 found that
20% connected magnetism to gravity (Bar
and Zinn 1989).

Related Concepts
magnetic force, magnets and gravity, interaction

ExpBanatBon
The best answer is Leif’s: “A magnet would
work the same as it does on Earth.” Magne
tism is a force that is independent of gravity.
Although the gravitational force on an object
on the Moon is less than the gravitational force

on the object on Earth, it does not affect the
magnetic attraction.

AdoDBiniDsterDng the Probe
Suggestions for Hnstruction and
Assessment

® Provide additional examples to challenge
students beliefs about the connection

This probe is best used with middle and high
school students. Before using this probe, first
make sure students know how conditions on

the moon (e.g., less gravitational force, no
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how Earth s magnetic field compares with
the Moon’s magnetic field. Challenge them
to predict and explain whether a compass
would work on the Moon and how using a

compass is similar to and/or different from
using a regular magnet.

References

Bar, V., and B. Zinn. 1989. Does a maffiet act on

the moon? Scientific Report. Jerusalem, Israel:
The Amos de Shalit Teaching Centre, Hebrew

University.

Borges, A., and J. Gilbert. 1998. Models of magne
tism. International Journal ofScience Education
20: 361-378.

Driver, R., A. Squires, R Rushworth, and V. Wood-
Robinson. 1994. Making sense of secondary
science: Research into childrens ideas. London:

RoutledgeFalmer.

between magnetism and gravitv by includ
ing other planets, a planet in a distant gal
axy, a space prt)be traveling to the edge of
our solar system, on ttip id the world’s tall
est mountain, in a tunnel deep within the
Earth, and so on.

● Counter students' beliefs with articles on

objects in space that depend on magnets.
For example, a large magnet is part of a
cosmic ray detector that was attached to

the outside of the International Space Sta
tion, which orbits in space where there is

or air.

a T'ouTube video of an

on the International Space Sta
tion demonstrating how magnets work in
m icrogra V i t y: u>u>u '.youtube. cow/uujtch?v=
NvJcrGlz CiAg

● Have students investigate how a compass
works on F,arth. Ihen have them research

no atmosphere
● Show student

astronaut
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Magnets and Electromagnetism

What Happens When

You Wrap a Magnet With
Aluminum Foil?

A magnet is wrapped up with aluminum toil. Tlte magnet is completely covered by
the foil. What do yc^Li predict will happen when the magnet is held near a steel paper

clip? Circle the prediction that best matches your thinking.

A. dlie paper clip will move toward the wrapped magnet.

B. Tlie paper clip will move away trom the wrapped magnet.

C. Tlie paper clip will not move either toward or away from the magnet.

Explain your thinking. What rule or reasoning did you use to make your prediction?
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Magnets and Electromagnetism

What Happens When

You Wrap a Magnet With
Aluminum Foil?

Teacher iMotes

Pyrpose

The purpose of this assessment probe is to elicit
students’ ideas about magnetic force. The probe
is designed to reveal students’ ideas about how
magnetism passes through some materials.

Related Concepts
magnetic force, magnetic materials, interaction

Administering the Probe
Tliis probe is best used with upper elementary
and middle school students. If materials are

available, consider demonstrating the probe
scenario. First show students that the magnet

interacts with the paper clip before wrapping it
up with foil. Tliis probe can be used with the
P-E-O strategy described on page xii (Keeley
2008).

Explanation

The best answer is “A. The paper clip will
toward the wrapped magnet.” Aluminum is a
non-magnetic material. Non-magnetic
als do not interact with

Related Research

● Barrow (1987) investigated students’ ideas
about magnets across all age ranges. He
found that students were generally aware
of magnets and how they worked from
their everyday experience picking up
things with magnets or sticking them to a
refrigerator. However, before being taught
about magnets, they couldn’t explain mag
netism (Driver et al. 1994).

● Researchers at the University of Washing
ton have found that students often believe

materials that do not interact with a prop-

move

materi-

magnets or magnetic

fields. As a result, the magnetic field produced
by the magnet is unaffected by the aluminum

foil and will still interact with the paper clip.
Plastic is also a non-magnetic material. Some
magnets are covered in plastic to protect the
magnet. Just like the aluminum foil, the pi
tic will not interfere with the

ties of the magnet.

as-

magnetic proper-
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Magnets and Electromagnetism

erry of matter are more etieetive at block
ing the eft'ect. Ihis is
fields, where students
that insulators will bU>ck tlie electric Held
more effectivel\' tbfn et>ndt*sat>rs.

NSTA Safety Notes for Follow
up Instructional Activitiesalst> true It^r electric

incorrectly predict 1. Use caution in handling metals. Some
have sharp edges that can cut skin.

2. Students should wash their hands

with soap and water after handling all
metals.

3. Lead and mercury must be avoided.
4. Some individuals are allergic to wool.

Suggestions for Instruction and
Assessment
● Ask Student

when the
lict what will happen

pped with other
s tt> prec

magnet is wr.i

materials such as plastic wrap, wax paper,
electrical tape, wtnd, and so on.

● Once students t^bserve that the magne

tism passes through the toil, ask them if
the thickness makes a difference. Test

the magnet by wrapping h with diflerent
thicknesses of foil.

● The best way to block magnetic interac
tions is to wrap the magnet in a ferromag
netic material. For example, have students
wrap a magnet in a steel can or in sheet
metal made from an iron alloy.

● Visit

AD-9M for an explanation of the Faraday
Pail: An example of electrostatic shielding.
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Magnets and Electromagnetism

What Makes It Stick?

Six iViciuls wciv talking al->oiu what makes a

magnet stick to a rel rigeraitn-. Ihis is what rhev
said:

I tliitik clicmicals make it stick.Joaquin:

1 think it has to do with a rvpc of

gra\’ii\'.

Shantell:

u
1 think ati unseen lorcc is involved.Yiannis:

1 think it is because the magnet is
cha filed.

Maura:

I think a ivpe of enetgv is what
make's it stick.

Bart:

I think it's onlv Iriction that makes

it stick.

Bernie:

With whom do you agree the most? Explain your thinking.

151Uncovering Student Ideas in Physical Science, Volume 2

L



Magnets and Electromagnetism

What Makes It Stick?

acDier Not

Purpose
The purpose of this assessment probe is to elicit
students’ ideas about magnetic interactions.
The probe is designed to find out whether stu
dents recognize that it is a force between mag
netic objects that causes them to “stick.”

Related Concepts
magnetic force, interaction, magnets and grav
ity, electric charge

Explanation
The best answer is Yiannis’s: “I think an

unseen force is involved.” Magnetic interac
tions are caused by magnetic fields, which
cannot be directly observed. Magnetic fields
are produced by the atoms in the material and
act at a distance and not because the magnet
is touching the refrigerator. However, sticking
to a refrigerator involves more than magnetic
forces. There is a friction force “up” that is
opposite to a gravitational force “down.” This

force keeps the magnet from sliding down the

refrigerator. However, it is the magnetic force
that pulls the magnet toward the refrigerator.

Administering the Probe
This probe is best used with middle and high
school students. If materials are available, con
sider demonstrating the probe scenario. (Note:
magnets do not stick to stainless steel refrigera
tors.) This probe works well as a discussion at
the start of a unit on electricity and magnetism.

Related Research
● Elementary students are usually aware c

how magnets are attracted to magnetic
objects but may not recognize the force
involved (Driver et al. 1994)

● Researchers have found that
tend to link

account for the

of

cudentssome s

rnagnetism with gravity. Some
with

magnets interact

objects by calling magnetism a “type of
gravity (Barrow 1987).
Barrow’s study also found that before teach
ing, most students offered no explanation
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This probe is best used for discussion at
the start of a unit on magnetism. Teach
ers should not correct misunderstandings
during these discussions, but use what they
learn about student ideas to better efdli-

of magnetism. A less reterred ^.hcmieals
Alter te.iehing. reter-

energies. .md
making them stick,
enccs were m.ule to gr.i\ it\.

electrons, and protons (Priser et al.
● A study by Selman et al. (h)S2) students

ul '■'f denuMist rated hands-on activities that help studentstate

to test their initial models.
between the ages i>l .s a
two levels ot conce

one of linking es'ents .tnd the motion ot an
unseen force .is m.ignets “pulling oti things.

● In a study hv l-.rickson ot students

■ptuali/ing magnetism: (1)
Compare responses to this probe to
“What Happens When You Bring a Bal
loon Near a Wall?” (p. 27). Results may
reveal difficulty in distinguishing between
electric charge interactions and magnetic
interactions.

of m.ignetism in grades 4, Tconceptions

and 10, three models emerged. C ommon

among the younger students was the pull-
on Iv aing model.’ prim.irily providing

description ot ohserwition, and .issociated
mainly with the etfect ot m.ignets on other

i>f mecha-

NSTA Safety Notes for Follow
up Instructional Activities

1. Use caution in handling metals. Some
have sharp edges that can cut skin.

2. Students should wash their hands with

soap and ^vater after handling all metals.

bodies without consideration

nism or causal it \'. Ihe “emanating model

is explained in terms of the magnet emanat
ing rays of energy toward attracted objects.
The “enclosing model " is characterized by
rays coming out ot the magnet spreading
over the area to create region ot inHuence,
analogous to the effect ot gravity.

● Borges and Ciilhert
among secondary, university, and graduate
students, the majority retained naive and
scientifically Hawed concepts about mag
netism, even after long periods ot study.

References

Barrow, L. 1987. Magnet concepts and elementary
students’ misconceptions. In Proceedings of the
Second International Seminar on Misconceptions

and Educational Strategies in Science and Math
ematics, ed. J. Novak, 17-22. Ithaca, NY: Cor
nell University.

Borges, A., an
tism. International Journal of Science Education
20: 361-378.

Driver, R., A. Squires, P. Rushworth, and V. Wood-
Robinson. 1994. Making sense of secondary
science: Research into childrens ideas. London:

RoutledgeFalmer.
Erickson, G. 1994. Pupils understanding of mag

netism in a practical assessment context: The
relationship between content, process and
progression. In The content of Science, ed. P.
Fehsham, R. Gunstone, and R. White, 80-96.
London: Falmer.

Selman, R., M. Krupa, C. Stone, and D. Jacquette.
1982. Concrete operational thought and the
emergence of the concept of unseen force in
children’s theories of electromagnetism and
gravity. Science Education G6 (2): 181-194.

(1998) found that

d J. Gilbert. 1998. Models of magne-

Suggestions for Instruction and
Assessment

● Consider combining this probe with
“What Happens When You Hold a Mag
net Near a Refrigerator?’’ (p. 143) so stu
dents can use a representation to explain
their thinking.

● The answer choices in this probe mirror
the commonly held ideas in the research
(see Related Research section). Your stu

dents may have other ideas and if so, add
a seventh answer choice: “I don’t think it

is any of these things. I think it is because
of something else.’’ If they choose this
answer, have them explain what the “some
thing else” is that makes the magnet stick.
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ElectromagnetismMagnets arid

What Happens When

a IVIagnet Breaks?

kcd to draw w’hai the}' thought would happen to the magnet

shown above if it were broken in half at the center of its length. Here is what they
said:

Ihrec students were as

I think one magnet will have 2 N poles at the ends and the other magnet
will ha\’e 2 S poles at the ends.

Sabrina:

I think both magnets will have a N and a S pole at each end.Marcus:

1 think one tiiagner would have the N pole on one end and the other

woidd have the S pole on one end, but the other ends of both magnets

would have no poles.

Lester:

W^ith whom do you agree the most? Explain why you agree.
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Magnets and Electromagnetism

What Happens When
Magnet Breaks?a

●>3

eacGner Natesj

7
«

Pyirpose

The purpose of this assessment probe is to elicit
students’ ideas about the properties of ma

. The probe is designed to find out hot
students would represent the poles of a broken
magnet.

Breaking a bar magnet in half will not iso
late a single pole nor create the same pole at
each end. If the magnet is cut in two, two bar
magnets are created out of one. Tliis halving
and creation of dipoles from
two to four to eight and

nets

one magnet to

so on can continue to

the level of an atom. Tliis suggests that atoms
themselves areRelated Concepts

magnetic force, poles, symbolic representation,
interaction

magnets with both a north and
a south pole.

Administeiring the Probe
Explamatloe
Tlie best answer is Marcus’s:

This probe is best used with middle and high
school students. If materials are available, con
sider demonstrating the probe scenario. Tliis
probe works well as a discussion about the

I think both

magnets will have a N and a S pole at each
end.” The magnet shown in the picture is con
sidered a bar magnet with a north pole
end and south pole at the other. Because

properties of magnets. Have students support
their explanation with a drawing of what they
think the pole-labeled magnet would look like.

at one

mag

netic fields form complete loops (unlike elec
tric fields), all magnetic poles come in pairs
with both a north and a south end (called a
magnetic dipole). The magnetic field

from the north pole, around in a complete
circle and back into the south pole.

Related Research

» Barrow (1987) investigated students (of all
ages) ideas about magnetism and found
that few had correct ideas about poles.

comes
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and ElectromagnetismMagnets

NSTA Safety Notes for Follow
up Instructional Activities

● Borges .incl Ciill'*cit tli.u
among scct^nclary. uni\ crNit\‘. and graduate
students, the majority retained n.tive and
scientihcall\' H.issed ci>n»,ept.s about niag-

atter long periotls study.

1. Use caution in handling metals includ
ing cut magnets. Some have sharp
edges that can cut skin.

2. Students should wash their hands
netism, even

Suggestions for Instruction and
Assessment

● Extend the probe by .is

happen il the m.ignet w.is cut in thirds.
● Challenge older students to think .ihout

the extent to which .i magnet can he sue-
cessivelv halved and still he a magnet.

with soap and water after handling all
metals.

king what would
References
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●IfChallenge students with the tjuestion,
in halt, will the strengthyou cut a magnet

of one of the magnets he retluced by hall2
Challenge students to describe what hap
pens when magnets t>t other shapes (discs,
horseshoe, donut) are cut in halt.

i
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