Electromagnetic Dancer

Connect her up and watch her dance!

Parts:
1 Base board, at least 8” long
1 C battery
1 Film can, no lid
6- 10’ | Magnet wire, any gauge
1 Bolt or nail (2.5” % machine screw works
well.)
12” %" dowel
6 Small paperclips
2 Tiny magnets
Duct tape
Markers
Aluminum foil
Stiff paper or card sock for the dancer
One side of transparent CD case
Tiny binder clip
Extra Tools:
15/64 bit for drill
Hole punch

Sand paper for stripping magnet wire

How We Build It:

Drill a 15/64” hole in the piece of wood near one end. Cut about 12” of a %4” dowel. Hammer the dowel in
the hole drilled into the base wood.

Glue the film can on the other end of the wood base. This is the battery holder. Cut a piece of wire to
make a hook to hang the dancer. (If your magnet wire is big enough, you can use a piece of it. If not, you
will need another stiffer wire.) This wire should be long and springy, not sturdy and stiff.
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Use duct tape to tape the hook to the top of the dowel. Wind the magnet wire around the big bolt, being
careful to leave both ends of the wire exposed.
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Sand the insulation off both ends of the wire. You can also scrape it off with a knife or one blade of

scissors. ‘(‘al‘ue the bolt }‘1$ad down on the middle of the baseboarg.

Fold a piece of aluminum foil onto one end of the coil. Put this end of the wire with its aluminum foil
inside the film can at the bottom.

Cut two pieces of hot glue stick, about 3/4" long. Glue the two magnets to the pieces of hot glue stick.
(The two magnets should be arranged with the same side up, or they will stick together too easily.)
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Attach another paper clip to first paper clip.
SHOP e |

Cut out the figure of a dancer from stiff paper or card stock. Make two holes with the hole punch on the
bottom of the dancer to hang the pieces of glue sticks with magnets. These are the legs. (They can’t be
too close together, or they will stick to each other.)

Hang the dancer from the hook and adjust the hook until the dancer’s feet are directly above the bolt and
coil, but not so close that they stick to it. Place the battery in the film can. When you touch the other end
of the coil to the top of the battery the dancer begins to dance. It will dance very actively if you keep
brushing the top of the battery with the wire; that is, connecting and disconnecting the coil.
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Concepts:
* A wire has a magnetic field when electricity passes through it. If the wire is in a coil, it will become
an electromagnet with a north pole and a south pole.
* Permanent magnets can be attracted or repelled by an electromagnet, just like they can attract and
repel themselves.
* Ifyou puta piece of iron or steel in the center of the coil of wire, it will make an electromagnet
even stronger.

Focus Questions:

How could you make the electromagnet stronger?

How could you set it up to make the dancer keep dancing?

What do you think would happen if you put a light in the circuit with the wire?

What do you think would happen if you didn’t have the bolt in the center of the coil of wire?
Decrease the number of wraps around the bolt. What happens to the strength of the electromagnet?
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Elaboration:

A wire with an electrical current running through it is a magnet. You can demonstrate this by hooking a
very thin wire (#30) directly to the two sides of a 1.5 volt battery, and then pushing on the wire with a
magnet. If you want a north and south pole, you need to wrap it into a coil, so that the magnetic field

from each wrap of wire is oriented correctly.

An electromagnet behaves just like a permanent magnet, with two poles, likes repelling and opposites
attracting. The electromagnet is different because it can be made stronger by adding more coils of wire,
or by adding more electrical current. Electromagnets are the key to making motors because, unlike a
permanent magnet, you can turn them off and on at will. From this project you can visualize the way that
most motors work. A spinning shaft has a few magnets mounted on it. Other fixed magnets are mounted
in the casing. Some or all of these are electromagnets. One pulls or pushes another one and then shuts
off as it waits for the next magnet to come around. Over and over this happens and the motor shaft gets

pushed and pulled around.

The switches that turn a motor’s electromagnets off and on as it turns are called “brushes.” The dancer
will stop if you connect the wire and leave it connected. Like a motor, she must be continually connected

and disconnected to stay moving.

To make an electromagnet stronger, you can increase the current, increase the number of coils, decrease
the distance between the coils or increase the quality of the core material. If you put other things in the

circuit (in series) with the wire on the electromagnet, less current would travel through the wire, and the
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magnet would not be so strong. If you take out the bolt, and replace it with a piece of wood, plastic or just

air, the strength of the electromagnet would also decrease.

Links to k-12 California Content Standards:

Grades k-8 Standard Set Investigation and Experimentation

Scientific progress is made by asking meaningful questions and conducting careful investigations. As a
basis for understanding this concept and addressing the content in the other strands, students should
develop their own questions and perform investigations.

Grades k-12 Mathematical Reasoning:

1.0 Students make decisions about how to approach problems:

1.1 Analyze problems by identifying relationships, distinguishing relevant from irrelevant information,
sequencing and prioritizing information, and observing patterns.

1.2 Determine when and how to break a problem into simpler parts.

2.0 Students use strategies, skills, and concepts in finding solutions:

2.1 Use estimation to verify the reasonableness of calculated results.

2.2 Apply strategies and results from simpler problems to more complex problems.

2.3 Use a variety of methods, such as words, numbers, symbols, charts, graphs, tables, diagrams, and
models, to explain mathematical reasoning.

2.5 Indicate the relative advantages of exact and approximate solutions to problems and give answers to
a specified degree of accuracy.

3.0 Students move beyond a particular problem by generalizing to other situations:

3.1 Evaluate the reasonableness of the solution in the context of the original situation.

3.2 Note the method of deriving the solution and demonstrate a conceptual understanding of the
derivation by solving similar problems.

3.3 Develop generalizations of the results obtained and apply them in other circumstances.

Grade 3 Standard Set 1. Physical Sciences (Energy & Matter):
1.d Students know energy can be carried from one place to another by waves, such as water waves and
sound waves, by electric current, and by moving objects.

Grade 4 Standard Set 1. Physical Sciences

Electricity and magnetism are related effects that have many useful applications in everyday life.

1.c Students know electric currents produce magnetic fields and know how to build a simple
electromagnet.

Grade 9-12 Physics Standard Set 1. Motion & Forces

Newton'’s laws predict the motion of most objects.

1.b Students know that when forces are balanced, no acceleration occurs; thus an object continues to
move at a constant speed or stays at rest (Newton'’s First Law).
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