Topic
Simple Machines

Key Question
How can simple machines help us at the circus?

Learning Goals

Students will:

1. become aware of simple machines.

2. identify the lever, pulley, wheel and axle, wedge,
and inclined plane as simple machines.

Guiding Documents

Project 2061 Benchmarks

* People can often learn about things around them
by just observing those things carefully, but some-
times they can learn more by doing something to
the things and noting what happens.

* People, alone or in groups, are always inventing
new ways to solve problems and get work done.
The tools and ways of doing things that people have
invented affect all aspects of life.

= People can use objects and ways of doing things to
solve problems.

NRC Standards

s Employ simple equipment and tools to gather data
and extend the senses.

= Anobject’s motion can be described by tracing and
measuring its position over time.

* The position and motion of objecls can be changed
by pushing or pulling. The size of the change is
related to the strength of the push or pull.

NCTM Standards 2000*

« Apply appropriate technigues, tools, and formulas
to determine measurements

s Develop and evaluate inferences and predictions
that are based on data

Math
Measurement
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Science
Physical science
simple machines

Integrated Processes
Observing

Collecting and recording data
Interpreting data
Communicating

Generalizing

Comparing and contrasting

Materials
See individual station cards.

Background Information
This activity is intended to serve as the first expo-

'sure to simple machines. A machine is a device for

multiplying forces or changing the direction of forces.

Station ! introduces the use of a lever to lessen the
force needed to lift the book. When a lever is used to
help to lift loads with less effort, it sacrifices the dis-
tance the load can be lifted. The lever consists of an
arm, or stiff bar, which rests on a turning point, which
is called a fulerum. The force required for lifting a load
changes inversely as the length of the effort arm
changes. At Station 1 the ruler acts as the lever arm
and the edge of the table acts as a fulcrum. This lever
is considered a first-class lever because the fulcrum is
located between the resistance (elephant cage) and
the effort.

At Station 2 the students will explore the use of a
pulley. Pulleys can be used to increase force and/or
change the direction of force. The effort needed to
move the resistance depends on the number of lines
of support the pulley system contains. Two students,
acting as the resistance, will hold two dowels. A third
student will pull on a rope that has been looped around
the dowels. The rope puller will be able to pull the
dowels together even though the two students who are
holding them are trying to keep them apart.
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Station 3 explores the inclined plane. An inclined
plane can be used to raise an object with less force
than a straight lift. At this station, the amount a rubber
band stretches will determine whether greater or lesser
force is being used. The rubber band will not stretch
as much when an inclined plane is used as when the
“calliope” is lifted straight up, thereby indicating less
force is needed. _

At Station 4 the students will explore the use of a
wheel and axle (a wheel that turns on a rod). Wheels
are actually turning levers. Students will discover that
the large wheel travels a greater distance than the
smaller wheel—greater distance for the same effort.

Station 5 examines the wedge—two inclined planes
joined back to back. Wedges are often used to force
things apart. The students will find that the nail is much
easier to push into the cardboard because of its wedge-
shape end than a bolt.

Management
1. CAUTION: Make certain that safety precautions are
strictly followed when the hammer is used.
2. There are several things to prepare ahead of time.
* Copy, color, and glue the elephant cage to the
sides of a shoe box containing heavy objects.
* Copy, color, and glue the calliope picture to the
sides of a full half-pint milk carton.
« Punch a hole in the top sealed edge of the half-
pint milk carton.
= Make copies of the wheels on cardstock.
3. Divide students into small groups to rotate through
the stations.
4. Each student will need copies of the two recording
sheets.

Procedures

1. Ask the Key Question.

2. Tell the students that they are going to help a visiting
circus by discovering efficient ways of doing a task.

3. Read the Station Cards and briefly discuss what
they will do at each station.

4. Distribute the recording sheets. Have students glue
or tape the two sheets together joining Station 2to
Station 3. Direct them to accordion fold the sheets
along the broken lines so that the title of the lesson
is on the front.
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5. Explain the rotation strategy through the stations.
Urge the students to read the card at each station
before performing the activity.

6. Direct them to record in pictures and/or words what
they discovered at each station.

7. When students have completed all stations, ask
thern to return to their seats to discuss their results.

8. As students discuss their observations, identify the
simple machine at each station and some of its
features.

Discussion

1. What did you learn from these explorations?

2. Where in the real world have you seen an example
of alever? ...pulley? ...inclined plane? ...wheel and
axle? ...wedge?

3. How can simple machines help circus workers?

4. Which kind of simple machines make things easy
to turn?

5. Why was the nail easier to hammer into the wood?
What simple machine made it possible? What other
things have a pointed end—a wedge-shaped end—
that are used to penetrate other objects or materi-
als? [needle, pin]

6. What would our world be like without wheels?

7. What other questions do you have about simple
machines?

Extension

Have students examine a punch can opener and a hand
drill, ask them to identify the combination of simple
machines (compound machines) in each object. A can
opener contains a lever and a wedge. A hand drill con-
tains a wheel and axle, a screw, and two wedges (the
tip and sharp, spiral edge of the bit).

Curriculum Correlation

Literature

Wells, Robert E. How Do You Lift A Lion? Albert
Whitman & Company. Morton Grove, [L. 1896,

* Reprinted with permission from Principles and Standards for
School Mathematics, 2000 by the National Council of Teachers
of Mathematics. All rights reserved.
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W__:: Station 2 (Pulley) ;Eﬁ__\@g
Materials

2 meters of soft rope
2 wooden dowels, 1-inch diameter
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Problem

Are two students strong enough to

keep the bars apart when the Champion
of Strength pulls on the rope?

1. Have two students stand across
from each other holding the dowels
horizontally. The handles should be

_ about 50 cm apart.

2. Tie one end of the rope around the
" end of one of the wooden dowels.

‘3. Loop the rope around the wooden
dowels three times.

4. The Champion of Strength holds the
loose end of the rope.

5. While the Champ gently pulls the
rope, the two students
holding the dowels
try to keep them
apart.

Cut out the medallion. Punch holes and thread a
string through them. Hang around the neck of the
Champion of Strength.
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