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Newton’s Laws: Jars, Cars, and Balloons
Summary: 
These lab experiments were designed to demonstrate Newton’s Laws of Motion.  It is designed to visually increase student’s understanding of the laws in a fun and interactive way.  There are hundreds of examples of experiments on force and motion, but these are some of the more interesting, interactive, straightforward and inexpensive labs available.  At the end of this lesson plan there are links to different websites that contain similar experiments, variations of experiments or exceptionally good explanations of the Laws of Motion.

Subject: 

· Science:
Force and Motion
Grade Level: 

· Target Grade: 7
· Upper Bound: 8 

· Lower Bound: 6
Time Required: One or two class periods


Activity Team/Group Size:  Groups of 3-4 students
Caution: Glass Jars are breakable, plastic jars are preferable.

Materials: 

Experiment I
• Two identical jars with lids (either plastic or glass jars)
• Flour or sand to fill one of the jars
• Two identical, empty three-ring binders (at least 2.5” in width)
• A measuring tape

Experiment II
· Two identical Hall’s Carriages (found on most Scientific Supply Webstores)
· Ramp (A flat piece of wood will do)

· Stopwatch

· Weights (heavy washers will usually do)
Experiment III

· Balloons: One or two per group
· String (fishing line is best)
· Plastic straws
·  Tape

Reusable Activity Cost Per Group: $10.00 

Expendable Activity Cost Per Group: $10.00
Learning Objectives: 

· The objective is to teach the class about the relationship between force and motion. They will conduct experiments, record data, and analyze it.  They will practice analyzing data in tabular form and using critical thinking to make conclusions about how the laws of motion are applied in every day activities.
Lesson Introduction / Motivation: 
It would be a good idea to introduce students to Newton’s Laws and brainstorm and discuss real life examples before or after the experiments are performed. For example, use some of the following examples to explain to the students how Newton's Laws occur in everyday events: 
Newton’s first law:

a) Car suddenly stops and you strain against the seat belt 

b) When riding a horse, the horse suddenly stops and you fly over its head 

c) The magician pulls the tablecloth out from under a table full of dishes 

d) The difficulty of pushing a dead car 

e) Lawn bowling on a cut and rolled lawn verses an uncut lawn 

f) Car turns left and you appear to slide to the right

Newton’s second law:

a) Hitting a baseball, the harder the hit, the faster the ball goes 

b) Accelerating or decelerating a car 

c) The positioning of football players - massive players on the line with lighter (easier to accelerate) players in the backfield 

d) A loaded versus an unloaded truck
Newton’s third law:

a) Rockets leaving Earth
b) guns being fired- discuss why they kick in proportion to the size of the bullet. Why is the stock of the rifle so large? What would happen if the stock of a shotgun came back to a point shape? 

c) Two cars hit head on 

d) Pool or billiards 

Lesson Plan: 
Experiment I: Newton’s First Law
This lesson deals with Newton’s first law of motion.  The law states that an object in motion will remain in motion until acted upon by a force, and an object at rest will remain at rest until acted upon by a force.
Procedure:

1. Fill one jar with flour or sand. Pack it tightly.
2. Leave the other jar empty.
3. Put lids on both of the jars. Lids should be on tight.
4. Place both three-ring binders next to each other on a wooden or tile floor. Place each jar on its side and release both from the top of the “ramps” at exactly the same time.
5. In the Table below, record how far each jar rolled. Do not measure the binder itself, just the distance from the end of the binder to where each jar actually stopped.
6. Repeat Steps 3-4 for each of the surfaces listed on the Table. 
7. Fill in the Table with your results for each race.

Experiment II: Newton’s Second Law

This experiment deals with Newton’s second law which states that the acceleration of an object increases as the amount of force causing the acceleration increases when mass is constant.

Procedure

1. Set up a ramp using meter sticks and several books. Place one end of the ramp on the books and line up the other end with a piece of masking tape on the floor.

2. Place the vehicle at the top of your meter stick and roll it down the ramp. Use a meter stick to measure how far the vehicle rolls. Repeat this step for Trials 2 & 3.

3. Add five washers to the vehicle and repeat the process from Step 2. Record your measurements in the chart. Be sure all the washers remain on the vehicle! Repeat this step for Trials 2& 3.

4. Add five additional washers to the vehicle and repeat the process from Step 2. Record your measurements in the chart. Be sure all the washers remain on the vehicle! Repeat this step for Trials 2& 3.
Experiment III: Newton’s Third Law

This experiment deals with Newton’s Third law which states that for every action there is an equal and opposite reaction.


Procedure:

1. Divide into groups of at least five students. 
2. Attach one end of the fishing line to the blackboard with tape. Have one teammate hold the other end of the fishing line so that it is taut and roughly horizontal. The line must be held steady and may not be moved up or down during the experiment. 
3. Have one teammate blow up a balloon and hold it shut with his or her fingers. Have another teammate tape the straw along the side of the balloon. Thread the fishing line through the straw and hold the balloon at the far end of the line.
4. Assign one teammate to time the event. The balloon should be let go when the time keeper yells “Go!” Observe how your rocket moves toward the blackboard.

5. Have another teammate stand right next to the blackboard and yell “Stop!” when the rocket hits its target. If the balloon does not make it all the way to the blackboard, “Stop!” should be called when the balloon stops moving. The timekeeper should record the flight time. 
6. Measure the exact distance the rocket traveled. Calculate the average speed at which the balloon traveled. To do this, divide the distance traveled by the time the balloon was “in flight.” Fill in your results for Trial 1 in the Table below. 
7. Each team should conduct two more races and complete the sections in the Table for Trials 2 and 3. Then calculate the average speed for the three trials to determine your team’s race entry time.

The winning team is the one with the fastest average speed for their rocket.

As the students are performing the experiments have them answer the questions on the worksheet either individually or in small groups.
Lesson Closure: 
There are hundreds of examples of Newton’s Laws around us everyday. By performing these experiments the students should have noticed that the jars slow down when they are rolling on surfaces that inflict more friction, that the force of a toy car increases as it’s mass increases, and that the air exiting a balloon in one direction will propel it in the other direction and that the forces are EQUAL.

Assessment: 

Students should be able to draw conclusions about the relationships between force, motion, mass, acceleration, etc.  If they seem to be confident in their ability to analyze the data and understand it in terms of Newton’s Laws, then they have a good grasp on it.  If they cannot explain the outcomes in terms of the respective laws, they probably need some extra explaining, discussion, or relatable examples.
Vocabulary / Definitions: 

· Force
· Newton’s First Law:
· Newton’s Second Law
· Newton’s Third Law

· Acceleration

· Mass

Background and Concepts for Teachers: 

· Teachers should be familiar with and have a clear understanding of Newton’s Laws of motion and how to apply them.
Prerequisites for this Lesson: 

Students should already be familiar with the concepts of mass, acceleration, and force, etc.  Before the lesson, go over Newton’s Laws with the class and answer any questions they may have.
Lesson Scaling: 

For more advanced students, add more challenging questions to the worksheets and make them apply higher-level thinking.  Have them go home and find an example of one of Newton’s laws taking place and have them write up a short report on it to turn in.  Or, have the students come up with their own experiments to perform to prove one of Newton’s Laws.
For younger students, these experiments can be performed as a class or as a teacher demonstration instead of in groups.  Go over all of the calculations and questions with them and answer their questions.

Lesson Extensions: 

Have students go home and find an example of how Newton’s Laws are applied in real life and have them type up a short report to turn in.  You can brainstorm these ideas as a class before or after the experiment.
References: 

· http://www.clas.ufl.edu/users/rhatch/NSF-PLANS/2-2_NEWTON.htm
· http://swift.sonoma.edu/education/newton/newton_3/html/newton3.html
· http://swift.sonoma.edu/education/newton/newton_1/html/newton1.html

· http://sciencespot.net/Media/newtonlab.pdf
· wikipedia.com (definitions)
Definitions: 

· Force: In physics, a force is a push or pull that can cause an object with mass to change its velocity.[
· Motion: any physical movement or change in position or place
· Newton’s Laws: are three physical laws that form the basis for classical mechanics, directly relating the forces acting on a body to the motion of the body.
· Inertia: is the resistance of an object to a change in its state of motion.
Authors: 
Graduate Fellow Name: Ben Lawrence
Teacher Mentor Name: Natalyn Maxey
Undergraduate Fellow Name: Kelly Bowen


Please email us your comments on this lesson: 
E-mail to ljohnson@cvm.tamu.edu
Please include the title of the lesson, whether you are a teacher, resident scientist or college faculty and what grade you used it for. 
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