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	Lesson 4:  How are balanced and unbalanced forces different?

· Students use spring scales to measure forces.

· Students make predictions about balanced and unbalanced forces before they design their own experiment.

· Students model and explain concepts of balanced and unbalanced forces.

Inquiry Activity:  Emphasize directions!  Each student in a collaborative pair records information in a handout.  Students may discuss before, during, and after writing and make adjustments to their records.  The teacher may adjust the activity to make student #1 and #2 accountable for different portions of the inquiry.

Materials:  Each pair requires 2 spring scales, 1 to 2 pulley weights or other suitable weights that can be hooked onto spring scale using string or other attachment.  Each student should wear safety glasses that minimize eye injuries due to impacts.  Before the activity, the teacher divides the weights in half using masking tape. Additionally, teachers are encouraged to use dry-erase boards or large sheets of bulletin board paper for students to post their final diagrams and explanations.  Students may use post-it notes to post their own questions on student posters if they are prepared from previous lessons to pose their own questions to their peers. Or, there should be a class discussion or white boarding should be used.

 (Note:  Wooden blocks of a suitable mass may be used.  It is helpful if cup hooks or other hooks are inserted and if they are a suitable weight for using the spring scale.  Evaluate all materials prior to the inquiry.)

1. Both students complete an inquiry worksheet, Lesson 2 – Balanced and Unbalanced Forces, with responses before, during, and after the activity.  Teachers observe the students as they work, asking questions, reading student answers, and observing work.  This provides the teacher opportunity for interim assessment.
2. Pairs of students model balanced and unbalanced forces in tug-of-war situations.
3. Students should share their final diagrams and explanations on dry-erase boards or on large sheets of paper, at the end of each section or as the teacher sees fit.
Discussion, synthesis, and summary:

1. Class consensus that should be reached from the discussion:

a. When a force or forces act on an object, the force or forces can be described as balanced or unbalanced.

b. Students develop the concept that in order for the tug-of-war to end in a tie, the forces that they measured using the spring scales must be equal.  (Note:  Their may be slight errors in measurement.  Additionally, the teacher may have to address how students are reading the fractional scale while they can read the whole numbers easily.)

c. Students develop the concept that in order for the tug-of-war to have a clear winner, one force must be greater than the other.   Students may also note that the direction of motion occurs in the direction of the greater force.  Please be careful that students do not develop these concepts.  Accurate concepts are noted for the situation:

1. Misconception:  When forces are balanced, the object does not move.  Revised concept:  When forces are balanced, motion is not changed.
2. Misconception: A force is required for an object to remain in motion.  Revised concept:  Once an object is in motion, it remains in motion in a straight line until an unbalanced for changes its motion.
3. Misconception:  If you observe only one force acting on an object, you can’t describe it as balanced or unbalanced.  Revised concept:  In most situations, there is more than one force acting on an object.  You may not recognize friction or gravity right away, but these forces are usually there.  (If a student pulls a weight across the table, they will recognize the effects of friction even though a spring scale does not measure it.)

d. Students draw simple force diagrams to show balanced and unbalanced forces.

e. Vocabulary is recorded in the vocabulary organizer with revisions made to previous entries if understanding has evolved.

1. force – a push or pull that acts in a single direction and can be measured as a number of units
2. balanced forces – forces that are equal in value and in opposite directions like a push and a pull that are both 5 N
3. unbalanced forces – forces that are not equal in value and in opposite directions.  The forces can be in the same direction adding up to a larger force.  (You may modify the handout to include this situation.)
Assessment:  The students can diagram their own force diagrams in the vocabulary organizer.  Additionally, you can create a simple worksheet showing pushes and pulls on objects or describing pushes and pulls on objects such as tables or weights.  The student can decide if the forces are balanced or unbalanced.


[image: image1.emf](A worksheet-guided student investigation of balanced and unbalanced forces.)




	Lesson 5:  How do we describe an object that is not moving?  How do forces acting on an object affect its motion?

· Students use force diagrams to interpret situations in which forces are acting on an object.

· Students describe objects when they are at rest and in motion and describe the forces that act upon them.

· Students describe how forces affect the motion of an object.  Students will develop conceptual understanding of Newton’s Laws of Motion, but they will use their own terms.

Materials:  Each pair of students needs two spring scales, pulley weights or objects to weigh and pull, and 2 to 3 strings cut to approximately 20 cm.  Each student should wear safety glasses.
Engage and introduce:

1. Students perform a guided inquiry using the worksheet.
2. Both students complete the worksheet, “Lesson 3 – Developing the Laws of Motion”.  The first portion can be completed independently.  When the weight is pulled across the table, the students should work together to improve their measurements.
Assessment, discussion, synthesis, and summary:

1. This exercise may take more than one class session.  If this happens, it provides the teacher more time and opportunity to review the in progress worksheets and assess students’ concepts.

2. Students may create an informal poster targeting concepts in the Reflection (section F of the worksheet).

3. The posters may be used to compare students’ conceptions.  At this point, based on prior discussion, your students may be ready to ask each other questions following your modeling during prior discussion.

4. Students will develop their own expression of Newton’s Laws in their own words.  If they do not, you may use an everyday expression of the law and ask students to identify the situations where the idea could be observed and to explain the situation.   You may also use a “formal” explanation of the law and ask students to identify the situation where it is demonstrated.  It is not necessary for students to memorize the laws or match them with the “number.”  See the various statements of the laws below.  They reflect some possible expressions of the laws.

a. An object that is not moving tends to stand still until an unbalanced force acts upon it.  (“An object at rest tends to remain at rest.”  (The unmoving weight on the table or in your hand is at rest.)  First Law
b. An object that is moving tends to keep moving (in a straight line and at a constant speed) until acted upon by an unbalanced force.  (Once the weight starts moving, it takes less force to keep it moving.) First Law
c. All matter has mass which means that it has inertia.  All matter tends to resist a change in motion.  If matter is at rest, it usually stays at rest.  If matter is in motion, it usually stays in motion.  It takes unbalanced forces to change the motion. First Law
d. Matter will not accelerate (experience a change in velocity or direction) unless an unbalanced force acts upon it.  (An object will not start moving until an unbalanced force acts upon it.  A moving object’s motion - speed, velocity, or direction – will not change unless an unbalanced force acts on it.)   First Law
e. If you increase the force acting on an object, it will move faster.  (If you increase the force acting on an object, its acceleration will increase.) (Compare the forces needed to move 1 weight across the table with the force needed to move two weights.)  Second Law
f. It takes less force to start an object moving if it has less mass.  Second Law
g. For every force, there is an equal and opposite force.   (Every action has an equal and opposite reaction.)  (The table or your hand has to push upward with a force equal to the weight of the object resting there.  In the balloon quest, the air in the balloon pushes against the outside air which then pushes back with an equal force.)  Third Law
5. The class should reach a consensus about how the laws are “written”.  You may find that the students break the laws into more than three parts.  This is appropriate.  The concept is important.  Students may develop names for the laws like “The Law of Inertia” or “The Law of Acceleration” that they may use to summarize their understanding.

6. Students record the information in their own vocabulary organizer.  (See the example.)

a. at rest – a term used to describe an object that is not moving.

b. inertia – all matter has a resistance to motion called inertia that depends on its mass.

c. acceleration – a change in the velocity (motion) of an object including starting to move, stopping, or changing direction.

d. friction – a force that resists motion between any two touching surfaces

Assessment:  Students can personalize their vocabulary organizer with their own pictures, related terms, and other concepts.  This organizer can be evaluated.  The students’ worksheets may also be evaluated.   Student understanding and current conceptions can be developed and refined through circle white-boarding.  


[image: image2.emf](A high-level inquiry encompassing several days’ instruction.  Each day, make certain that you find a good breaking point to summarize and/or perform a formative assessment.)

http://quest.nasa.gov/space/teachers/rockets/principles.html  Will allow you to perform an inquiry incorporating conceptual understanding of all three laws using a balloon, string, straw, and tape.  Complete your own inquiry activity.  Students can use this activity to develop the third law concept further and re-apply the first and second law.

As a recap and to ensure student understanding, re-enact key events in the inquiry.  As an assessment, students can describe the event and their observations and explain the law that impacts the situation in their own words.  Yes, more than one law can be applied in each situation.  Students may develop their own names like “The Inertia Law (or rule)” and “The Acceleration Law”.  You may ask for an example of each in order to assess each concept. 

Other assessments:


[image: image3.emf] uses pictures and diagrams as examples of other situations.


	Lesson 6:  How do the rules of motion affect a skateboarder?

· Students use force diagrams to interpret situations in which forces are acting on an object.

· Students describe objects when they are at rest and in motion and describe the forces that act upon them.

· Students describe how forces affect the motion of an object.  Students will develop conceptual understanding of Newton’s Laws of Motion, but they will use their own terms.

Activity:

Students read a passage about a skateboarder performing an ollie.  They match pictures with the described motion and answer questions, which reflect their interpretation of the laws in situations.

The activity may be used as an assessment.

http://www.exploratorium.edu/skateboarding/trick02.html provides a description of how a skater executes an ollie.  This story provides both words and pictures.  The story provides a key for the pictures used in this assessment of how students recognize balanced and unbalanced forces.  Students may work on the task in pairs before answering the questions individually or with their partner.  If you use the matching exercise, it will be necessary to print the pictures and make some of the arrows darker for your photocopier.  


[image: image4.emf]


	Lesson 7:  Inquiry or Assessment

· Students change forces acting on an object causing acceleration.

This inquiry can be used for further learning or as an authentic assessment.  The assessment and instruction apply the 5E strategy.  


[image: image5.emf]
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		Directions:  Using the spring scales, string, and 2 objects (weights) to demonstrate the following situations.  Wear your safety glasses to protect your eyes from possible impact.  Second inquiry set of materials:  marbles of different masses, a ruler with a groove that the marble can roll along, a book, and a paper cup with a window cutout that the ruler can fit through.





Part 1:  Objects on the table and in your hand.  First, do this part by yourself.

A. Each student should select one of the objects.  Measure the weight of the object and record it here.  ________________  Don’t forget the units of measure!  Keep this weight for all of the investigation.


B. Place the object on the table.  


1. Describe the object’s motion.


2. Diagram the forces acting on the object.  Label the forces with names and or measurements if you are able to do so.  (Think about it and refer to Part A.)

3. When you observed the object on the table, did its motion change?  Why or why not?

4. Hold the weight in your hand, which forces are acting on the object?  What happens if you remove your hand?  Why?  How does this situation compare to placing the object on the table?

C. “Two heads are better than one.”  Think-Pair-Share:  Discuss your answers with your partner.  If you find anything that you need to correct, strike through your answers and record your corrections in the space above or on the back. 


1. Did you and your partner develop any additional questions?


2. If you or your partner had to make any changes, why did you need to make them/  (If you changed your understanding, how did it change?)

3. Which vocabulary describes the motion of the object on the table?  What would you have to do to the object to make its motion change?


Part 2.  Observing forces moving an object.

D. Prediction and inquiry:  With your partner, discuss the experiment.  Both of you should record your answers.

1. PREDICT:  How much force will it require to lift the weight?  Why?

2. Lift the weight using the spring scale.  

1). Record your measurements.


2). What is the name of the force being measured?


3. Slowly lower the object to the table while you hold the spring scale.  Allow your partner to watch the reading on the spring scale.  Then switch places and repeat the exercise.  

What happened to the measurement of the force as you lowered the object?  Why?


E. Teacher Demonstration:  Your teacher is going to demonstrate something to the class.  Watch very carefully.  

1. Your teacher is going to create a quick push downward on the spring scale with a slight bend of the wrist.  Watch how the plunger and the spring move.


2. When the spring and the object moves, which forces are acting on the object?


3. You should have seen the force increase and decrease.  Did you?  (Your teacher may demonstrate this “bounce” again.  Watch closely looking for this change.)  When did the total forces acting on the object increase?  Why?


4. When did the total forces acting on the object decrease?  Why?


5. Would you describe the forces you saw as balanced or unbalanced?  Why does this motion change so much compared to the motion in Part 1?


6. How did the changes in force (the increases and decreases) affect the motion?  Describe what you observed and try to explain your observations.


7. If you wanted to change an object’s motion, should you use balanced forces or unbalanced forces?  How could these forces change the motion?  


8. Let’s check our thinking.  Think about the different ways an object can accelerate.  How can you make a body accelerate?  List each way and explain how you would change the force.



If you and your partner could think of three smart ways to change the force and accelerate the object, you’re on the right track!  Confirm your answers with your teacher.

F. Move your setup to the carpet.  With your partner, pull one of the weights across the carpet by pulling on the spring scale.  (You and your partner should repeat this several times and record your measurements each time.  With practice and repetition, you will become more confident that your measurements are correct.)  Try to pull on the spring scale so that after the weight begins to move, the pull (force) stays the same.  Make certain that you keep the weight traveling in a straight line.  When you are successful, you are demonstrating  constant speed or [image: image1.png]PULL
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uniform speed.  These terms mean the same thing.  (Remember, that some terms can’t be used in the same way, like velocity and speed.)

1. Measure the force that is needed to move the object.  Record your answer here.

2. When the weight was traveling at constant speed, what happened to the measurement of the force?  What does this show you?  

Check your understanding:  When the weight was moving at constant speed, I had to (   increase the force,   keep the force the same,   decrease the force  )

3. Was this true when you first started to move the object?                       Try again.  Watch the measurement because any changes will be very small.  

4. You should be able to feel some resistance (“fighting forces”) that prevent the object from moving when you first try to move the object.  One of the forces is friction.  If you pull to the right, how does friction resist your pull?


Check your  understanding:  When you try to move an object across a surface or through the air, friction will always push or pull _______________________________ .


5. Add another weight or two to the hook on the spring scale.  Try to pull with the same force as before to start the object moving.  What did you observe?  Why?


6. Objects all resist motion because of their mass.  Scientists refer to this property as inertia.


Check your understanding:  Inertia is a property that all matter has.  It is a resistance to changes in motion that depends on an object’s __________________.  (HINT:  Name another property of matter.)   When this property increases, inertia _____________________ . When this property decreases, inertia ________________________ .  A 2-kilogram box will require a ________________ force to move it than a 1-kilogram box because _______________________________ ______________________________________________________________________ .

7. Does inertia change how much force is needed to stop an object?    Make a prediction:  __________________________________________________________ ____________________________________________________________________ Use the ruler as a ramp for the marbles to travel down. One end must rest on the book to create the incline or slop.  The other end of the ruler should insert into the cup through the cup’s window or doorway.  Place the bend of the ruler against the inside edge of the cup so that the marble will hit the cup when the marble reaches the end of the ramp.  Without pushing the marble, let each marble roll down the ramp and record your observations:___________________ ________________________________________________________________________________________________________________________________________

Which marble requires a greater push to stop its motion?  Why?  ______________ ________________________________________________________________________________________________________________________________________


8. Did the cup act as a balanced or an unbalanced force?  


       How did it affect direction of the motion (the velocity)?


       How did it affect the rate of the motion (the velocity or speed)?


G. Reflection:  With your partner, answer these questions on your white board or chart paper.

1. Describe the situations where forces acting on the object were balanced?  How was the motion affected?

2. Describe the situations where forces acting on the object were unbalanced?  How was the motion affected?


3. Which property of matter causes an object to stay at rest or to stay in motion?

H. Further Investigation:  Design, investigate, observe and reflect.

1. Predict:  What would happen if you used one weight but doubled the force?


2. Data/Results.

		Amount of force

		Observations (Look for differences in acceleration)



		______ N

		



		______ N

		





3. Think about situations where you change force and motion changes.  Describe what happens to your velocity.  How is the acceleration affected?

a. If you pedal your bicycle with more force, _________________________ __________________________________________________________ .


b. If you throw a ball more forcefully toward another player in the game, _____________________________________________________________________________________________________________________.


c. If you bunt a baseball or softball rather than going for a homerun, ____ ___________________________________________________________ __________________________________________________________ .


4. Summarize:  How do changes in the strength or size of a force affect an object’s motion (acceleration)?


5. How is the acceleration of an object affected if you change its mass but hit it with the same force?

a. If you hit a baseball and a softball with equal force, the baseball should ___________________________________________________________ because it has less _______________ .


b. If you push a small cart and a large cart with equal force, ___________ ___________________________________________________________ _____________________________ because ______________________ _____________________________________________________________________________________________________________________ .


c. (Record your own example.)
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Laws of Motion


Directions: For each picture below, describe the picture; explain the motion by describing the action of the forces.  Make sure that you include evidence as to why the motion occurs.


1. 
[image: image1.png]
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a. Evidence/Observation: _____________________________________________________________

________________________________________________________________________________________________________________________________________________________________________

b. Explanation: ______________________________________________________________________

________________________________________________________________________________________________________________________________________________________________________

2.  
[image: image2.png]







a. Evidence/Observation (about the ball only):  ___________________________________________

________________________________________________________________________________________________________________________________________________________________________

b. Explanation (about the ball only) ____________________________________________________


________________________________________________________________________________________________________________________________________________________________________

3.  
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a. Evidence/Observation: _____________________________________________________________

________________________________________________________________________________________________________________________________________________________________________

b. Explanation_______________________________________________________________________


________________________________________________________________________________________________________________________________________________________________________

4. 
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a. Evidence/Observation: _____________________________________________________________


________________________________________________________________________________________________________________________________________________________________________

b. Explanation_______________________________________________________________________


________________________________________________________________________________________________________________________________________________________________________


5.  Compare the situations below.  How are the forces acting on the objects alike and/or different and how do they relate to the motion of the ball?



a. A person hitting a homerun.
[image: image5.png]






b. A person bunting the ball.
[image: image6.png]
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f you watch a small child with a toy car, you will see that inter-

est in motion comes early. Children often suggest speed through

sounds such as “RRRrrrtRRRoocooommMMMmmmm” as the
toy car is made to speed up, slow down, or accelerate through a turn.
Older children start to consider force and motion studies in more
detail, and experiences in school help students define and refine
their understanding of motion. This activity is designed to intro-
duce motion concepts to students through active, hands-on investi-
gation, and to help them activate their prior knowledge about mo-
tion. Likewise, it can be developed into a culminating assessment
for a unit on force and motion, using higher-order thinking skills to
make sense of the experience.

Kenneth Kingis an associate professor of science education at Northern Michigan Univer-
sity in Marquette, Michigan.





Motion from a teaching perspective

The National Science Education Standards, Physical Science
Content Standard B, states “as a result of their activities in
grades 5-8, all students should develop an understanding
of...motion and force” (NRC 1996). Consistent with this
view on science content, the quantity of content standards
is modest, but the ultimate depth of knowledge desired of
students is profound.

Making sense of motion concepts offers some key chal-
lenges and requires the development of important in-
sights into student learning. Because motion—move-
ment across space and through time—has two factors
changing simultaneously, students must be able to think
at an appropriate level of abstraction to develop their
understanding of issues related to movement. Terms such
as movement, displacement, time, speed, velocity, friction,
and momentum have both precise scientific definitions
and more casual applications in everyday conversation.
Questioning during instruction can help to diagnose how
students are using these terms.

Related fundamentally to this study of motion is the re-
lationship between the variables. This offers the primary
challenge for this investigation—to realize that maximizing
the travel time for the marble can be produced either by
creating a very low speed or by creating a very long pathway
for the marble to follow. The relationship between speed,
distance, and time can be represented in several ways. If s =
speed, t = time, and d = distance, the relationship is ex-
pressed as s = d/t.

Preparation

In this activity, students produce changes in motion while
monitoring the path and speed of a rolling marble, and
use appropriate terminology to describe their observations.
Students explore the way a marble rolls on a table and
then construct barriers to affect its motion and speed. To
get ready for the activity, a variety of materials should be
made available to students. For each class, a collection of
items (such as 15-20 meter sticks, modeling clay, fabric,
building blocks, foam blocks, and construction paper)
should be acquired for students to use in building barri-
ers. These items may vary based on class size or materials
available. The main purpose is for students to be able to
use a wide variety of materials to interact with the marble
they set into motion. Some materials, such as meter sticks,
are likely to be on hand already. Depending on how your
classroom is organized, you may wish to leave them in a
location that students are accustomed to (in my class, I
have all of the measuring tools in one area, always avail-
able for student use). With other materials, you may wish
to set them out on a countertop and direct students’ at-
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tention to them. I have also provided items such as shelf
brackets, unit blocks, and modeling clay. In all cases, I
try either to use materials that I already have on hand or
secure donations of materials to keep my laboratory costs
as low as possible.

In my current classroom, I customarily have six lab groups
already formed. You may wish, as I have with this activity,
to not prepare sets of materials. I have found value in having
students make their own choices as to what they should use
for their investigation. | have observed that giving each group
the same materials tends to send a message to students that
they must use the materials; I prefer that this part of the
investigation and problem solving be more open-ended. In
addition to the materials listed on the activity sheet, you
will need an overhead version of the data table from the
student activity sheet.

Engage

Begin by posing the question: “If you had to get somewhere
as fast as possible, how would you get there? What are some
things you could do to make your vehicle/method of trans-
portation work even better?” Solicit student feedback and
ideas. Ask them to explain what the change they would make
to their vehicle would do to make it move faster.

Further question students: “What would you have to
do to make your vehicle get somewhere as slowly as pos-
sible?” Solicit one or two responses and have each stu-
dent record one idea that they wish to test. Then chal-
lenge them with this activity. During the student-driven
part of the investigation, circulate and inquire how they
are testing their ideas using the materials available. Dur-
ing the investigation, ask how they understand concepts
such as motion, momentum, velocity, and so on (see stu-
dent assessment sheet in Figure 2).

Explore
The basic challenge for the students is to create, through
a series of obstacles, an arrangement of barriers that
causes a marble released on one side of a table to take
the longest possible time to move across the table. The
marble is released from one of the narrow edges of the
table and timed from the moment of release until it rolls
off the opposite narrow edge of the table. Once the
marble is in motion, no one is allowed to interact with
it in any fashion. Its motion may be produced only by
the initial surge of momentum given to the ball at its
launch. The experience is kept deliberately open-ended,
so that students have the freedom to seek out a variety
of solutions to the challenge.

In the case of classrooms with individual desks rather
than lab tables, a sheet of plywood (approximately 90
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cmX 120 cm) will serve well. The sheet of plywood may
be placed on top of two or more desks to provide a space
for investigation. Based on how they wish to use the ma-
terials provided, students may elect to raise the plywood
sheet or table on small blocks, or to construct a “launch
ramp” on top of the surface. In other cases, the students
may elect to construct a small ramp made of rulers and
wooden blocks to give the marble the necessary initial
movement. The choice is up to them, and how they best
believe they will be able to meet the challenge of maxi-
mizing the travel time. The type of barriers, their ar-
rangement, and their number are all up to the students
as well (see Figure 1 for examples). Some barriers may need
to be attached to the table with tape, others may have
sufficient mass in relation to the texture of the tabletop
to remain in place when marbles collide with them. This
information will be used and applied by students as they
explore the marble’s behavior.

At this point, students should be given the opportunity to
work together in small groups without direct instruction. Stu-
dents should be generating and testing their hypotheses, at-
tempting alternative solutions and discussing them with their
peers. The teacher should serve as facilitator, circulating
around the room asking open-ended questions to determine

how well they understand the underlying concepts of force
and motion, observing their designs, as well as helping them
keep their ultimate goal in mind—achieving the longest
time. Listening to some of the conversations between stu-
dents and asking questions about how they are conducting
the tests can be helpful in assessing student understanding.

While moving around the room, the assessment instru-
ment in Figure 2 can be helpful in recording observations and
responses from each student group. Use a coding system such
as an N to denote a naive understanding or an A to record an
accomplished understanding. I have found it helpful to record
each of my visits to students with a different color pen be-
cause it allows me to track changes in understanding.

During this time, students should be generating and
testing their hypotheses, attempting alternative solutions,
and discussing them with their peers. Listening to some
of the conversations can be helpful in assessing student
understanding of concepts.

This activity can take place over more than one class
period. One option is to arrange for an extended science
period to facilitate this process. A second option would
be to allow students to sketch the arrangement of the bar-
riers and reproduce it on the following day. A digital cam-
era might be of assistance with this option.

m Two possible arrangements for marble-roll activity

For both arrangements, the table is on shims, set at an angle of 20° with respect to the floor.
Arrangement on the left produces a long path length, which in turn produces a long time in
motion. The arrangement on the right offers a series of barriers for the marble to collide with
as it moves across the table, producing a series of collisions that slow the marble.

Explain

After testing their designs, stu-
dents must develop an expla-
nation of how they produced
an arrangement of barriers that
caused the greatest elapsed
time for the marble to roll of

the table. The teacher should

%.cﬂz

provide definitions of the
terms used in the exploration
such as force, motion, speed, ve-
locity, friction, energy, momen-
tum, and so on. You should also
help students translate what
they have been observing af-

g ter they changed the configu-
ration of the barriers on the

table. Students should look
for patterns that may exist be-
tween the arrangement of the
barriers and the time it took
the marble to roll across the
table. Then they offer expla-
nations using motion con-
cepts to explain the differ-

ences they observed. Related
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Marble roll

Materials (for a group of four)

* building blocks (10-15) * tape * stopwatch or timer
* meter sticks (5-6) * marble * modeling clay
* ruler

Development questions

Think about the following questions as part of the class discussion, and record your comments on another sheet of paper:
If you had to get somewhere as fast as possible, how would you get there? What are some things you could do to make
your vehicle/method of transportation work even faster? Explain what the change would do to make your vehicle move
faster. What would you have to do to make your vehicle move as slowly as possible? How could you create a fair test using
the marble in motion to explore your ideas?

Procedure
Using the materials provided, develop a way to test your motion questions. You may use any arrangement of barriers you
wish to employ, but with these as the guidelines:

* The marble must travel from one narrow edge of the table to the other narrow edge of the table.
* Do not touch the marble once it has been released, either directly (e.g., finger, pencil, etc.) or indirectly (e.g., wiggling the table).
* Measure the elapsed time from when the marble is released to when it rolls off the opposite edge of the table.

Include a sketch of at least three configurations of barriers used during the investigation and the effect the barriers or obstacles had
on the marble’s movement in each configuration. Fill in your chart with the estimated distance and time data for each trial you conduct.

Sketch of configuration 1 Sketch of configuration 2 Sketch of configuration 3

Configuration 1 Configuration 2 Configuration 3

Time trial 1 Distance: Distance: Distance:
Time: Time: Time:

Time trial 2 Distance: Distance: Distance:
Time: Time: Time:

Time trial 3 Distance: Distance: Distance:
Time: Time: Time:

Share your results with the class once your group has completed the trials and filled in the data chart. Answer the
following questions when you have completed your investigations.

Questions

1. Why did you find that making the marble take the longest time across the table was more challenging than having it
take the shortest time across the table top?

2. What are some ways you can make the marble move across the table top?

3. How did you use barriers on the tabletop? How did other groups use the barriers? What arrangement of barriers gave
the “best” result? Why?

4. What combination of factors proved to be most effective in accomplishing your ultimate goal of having a long travel time?
Why?

5. How might increasing the speed of the marble and the path length the marble travels work together to increase the total
time the marble is in motion?

6. Why did your group’s arrangement of barriers prove to be more or less effective than the other groups?
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fundamentally to a deeper
conceptual study of motion Observation sheet for student assessment and evaluation

is helping students to under-

stand the relationship be- Topic
tween the variables, which is
the primary challenge for
the investigation. Because
the objective is to maximize
the time, students should de- Force

velop the understanding Motion
through their investigations Speed

that this can be accom- Velocity
plished through two ap-
proaches: By minimizing the

Friction

Ener
speed—the most common 9y

approach, or by maximizing Kinetic energy
the distance—an approach
that tends to be discovered

only as students explore.

Potential energy
Momentum

Incline of table

Path length for marble

Comments
-l ool < | w!| ©| N=Naive
% % % %’ gs (—f:; D = Developing
5165|5155 &| A=Accomplished

Extend

During this part of the les-

son, students should attempt to apply concepts and skills
in new (but similar) situations and use formal labels and
definitions. It is helpful to have students compare some
of the barrier arrangements that different groups have
developed, compare travel times, and then revise and re-
construct their own sets of barriers. Students should mea-
sure the distance the marble traveled so that the marble’s
speed can also be examined quantitatively. Using a larger
version of the data table from the activity sheet on an
overhead, track the progress as a class in obtaining a “best”
time so students can see how their work compares to that
of their classmates. Take care, however, that this data col-
lection experience does not become overly competitive—
the focus should be on learning from the successes each
of the students’ experiences.

Students should also examine other arrangements of
barriers constructed by other students, and make their own
judgments as to why some arrangements produced longer
times and some marbles completed the course in shorter
times. Students should use montion-related vocabulary to
explain their findings.

Evaluate

The 5-E Learning Cycle Model is structured so that assess-
ment and evaluation take place throughout the learning
experience. Circulate around the room during student in-
vestigations. Use the checklist (Figure 2) to track their pro-
gression in using and identifying terms, as well as their abil-
ity to show concepts and changes during their investigations.
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Take particular note of breakthrough experiences as students
go along. As mentioned previously, coding observations with
different colored pens can help track changes.

Reflection

Whether used as an introduction to motion concepts,
or as a performance-based summative assessment, the
activities built into this investigation reap benefits on
many levels—most importantly, that of encouraging
student learning in an engaged manner. Force and mo-
tion concepts, such as the relation between distance
and time, form the conceptual foundation of this expe-
rience. Students also have the opportunity to examine
how adding barriers, increasing the incline of the table-
top, adjusting the surface of the table (to increase or
decrease friction), and changing other variables can in-
crease or decrease the travel time.

Open inquiry explorations allow students to find solu-
tions that make sense to them as individuals. In this ap-
proach, students are asked to develop their own testable
questions and investigations. This process of student-directed
inquiry is at the heart of the National Science Education
Standards and those who seek to make science in public
schools an experience that promotes mastery not only of
content knowledge, but also of problem-solving skills.

Reference
National Research Council (NRC). 1996. National science educa-
tion standards. Washington, DC: National Academy Press.
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		Directions:  Using the spring scales, string, and weights to demonstrate 2 tug-of-war contests and answer the questions with your partner.





Part A:  Contest #1 is a tie.


1. Before you begin the demonstration, predict what you should observe:  What must happen in your demonstration?  What would the tie look like?  Compare and contrast your measurements? (What would your measurements be like?)


2. Demonstrate/model the tie.


3. Draw a simple diagram showing the contest.  Record your measurements in the diagram.


4. Explain your demonstration or diagram.  Answer the questions:  What happened?       -OR -  What does the diagram show? 

5. Did you and your partner develop any additional questions?


Part B:  Contest #2 has a clear winner.


6. Before you begin the demonstration, predict what you should observe:  What must happen in your demonstration?  What would the tie look like?  Compare and contrast your measurements? (What would your measurements be like?)


7. Demonstrate/model the contest where either you or your partner win.


8. Draw a simple diagram showing the contest.  Record your measurements in the diagram.


9. Explain your demonstration or diagram.  Answer the questions:  What happened?       -OR -  What does the diagram show? 

10. Did you and your partner develop any additional questions?
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“Frontside Forces and Fakie Flight:  The Physics of Skateboarding Tricks.”  Exploratorium.  (http://www.exploratorium.edu/skateboarding/trick02.html)




		Directions:  Read the passage below.  With your partner, match the pictures to the described motion and answer the questions..  Use the rules of motion and your forces and motion vocabulary to answer the questions.






		Just before a skater performs and ollie, there are three forces acting on the skateboard.  One of these forces is the weight of the rider.  Another is the force of gravity on the board itself.  Lastly, the ground pushes upward on the skateboard.  These three forces balance out to zero.  With a net force of zero, the skateboard doesn’t accelerate, but rolls along at constant speed.

		Picture 1.


Label each arrow with the name of the force.



		The skater crouches down on the board.  This lowers the skater’s center of gravity and is crucial in order for the skater to get a high jump/  (Don’t believe it?  Stand perfectly straight and try jumping without crouching…you didn’t get very high, did you?)  Now let’s follow the changing forces that go into making an ollie.

		



		The skater accelerates himself upward by explosively straightening his legs and raising his arms.  During the jump, his rear foot exerts a much greater force on the tail of the board than his front foot does on the nose.  This causes the board to pivot, or turn, counterclockwise about the rear wheel.

		Picture 2.


2A.  Why does the skater accelerate himself upward?


2B.  How does the board accelerate?






		As the tail strikes the ground, the ground exerts a large upward force on the tail.  The result of this upward force is that the board bounces up and begins to pivot clockwise, this time around its center of mass.

		Picture 3.


Describe the acceleration of the board.  (How does the board accelerate?)






		With the board now completely in the air, the skater slides his front foot forward, using the friction between his foot and the rough surface of the board to drag the board upward even higher.

		Picture 3.


Is friction a helpful force



		The skater begins to push his front foot down, raising the rear wheels and leveling out the board.  Meanwhile, he lifts his rear leg to get it out of the way of the rising tail of the board.  If he times the motion perfectly, his rear foot and the rear of the board rise together in perfect unison, seemingly “stuck” together.

		Picture 4 and 5.



		The board is now level at its maximum height.  With both feet touching the board, the skater and board begin to fall together under the influence of gravity.

		Picture 6.


Why does the skater change direction and start to fall downward?






		Gravity eventually wins out and the skater bends his legs to absorb the impact of the landing.

		Picture 7.


Why doesn’t the skater crash down through the Earth?









