Force and Acceleration

Concept: An unbalanced (or net) force applied to an object will cause the object to accelerate at a rate that can be calculated using F = ma.
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List of Materials Needed:

Note: Each material is listed in the amount needed per four-person student group.

· Tape measure

· Masking tape

· 2 stop watches

· Skateboard (or similar rolling cart object)

· 10 lbs of weights

· String

· Spring scale

Activity Time Frame:

This activity will take approximately 3 hrs of class time.

Environmental Setting:

This activity is best conducted on a low friction surface, such as a tile commons area or a gym floor.

PASS Standards-Physical Science:

Science Processes and Inquiry:
· 1.1. Identify qualitative and quantitative changes given conditions before, during, and after an event. 

· 1.2. Use appropriate tools when measuring objects and/or events.

· 1.3. Use appropriate System International (SI) units; and SI prefixes when measuring objects and/or events

· 3.3. Use mathematics to show relationships within a given set of observations.

· 4.2. Report data in an appropriate manner.

· 4.3. Interpret data tables, line, bar, trend, and/or circle graphs.

· 4.5. Evaluate experimental data to draw the most logical conclusion.

· 4.8. Identify and/or create an appropriate graph or chart from collected data, tables, or written description.

· 6.4. Inquiries should lead to the formulation of explanations or models. 

Content Standards:

· 2.1. Objects change their motion only when a net force is applied.  Laws of motion are used to determine the effects of forces on the motion of objects.

Lesson Objectives:
· The students will perform lab procedures to collect data.

· The students will determine the relationships between force, acceleration, mass and distance.

· The students will answer questions to show their understanding of the material.

· The students will apply the lesson material to engineering problems related to acceleration and braking of vehicles.

Vocabulary Terms:

Acceleration: the rate of change of velocity with respect to time

Force: a push or pull; the concept of force gives a quantitative description of the interaction between two bodies or between a body and its environment.

Mass: a quantity or aggregate of matter
Background Knowledge:


Newton’s first law of motion is that “A body acted on by no net force moves with constant velocity and zero acceleration.  Newton’s second law of motion states “If a net external force acts on a body, the body accelerates.  The direction of acceleration is the same as the direction of the net force.  The net force vector is equal to the mass of the body times the acceleration of the body.”  Most of us know Newton’s second law as F = ma.


So, if a net (or unbalanced) force is applied to an object, the object will accelerate.  The rate of acceleration is related to the mass of the object and the applied net force.  

Additional Resources:

Any physics book can be used as an additional resource on the topic.

Activity Procedures:

Day 1:

· Groups are determined

· Students complete Exploration activities

· Class averages are calculated

· The instructor leads the students through the Concept Development

· Students complete Concept Application A

Day 2:

· Students complete Concept Application B and Concept Application C

Day 2 Homework:

· Students complete Engineering Application questions as a homework assignment (the instructor may want to work the first problem in class and give the second for homework)

Day 3:

· Engineering Application homework is collected, copied and returned to students.

Day 3 Homework:

· Students assess their work on the Engineering Application by determining where mistakes were made and explaining why the errors took place.

Engineering Application:

Questions are provided which allow students to calculate forces, accelerations, times and distances associated with different vehicles accelerating both positively and negatively.  Students will use the scientific concept they have developed, along with some relatively simple algebra, in finishing the problem set.

Technology Component:

This experiment requires students to create a track with set intervals using a tape measure.  Students must use a spring scale to apply a constant force and stop watches in the exploration activities.  Students will use calculators throughout the activity.

Assessment Tools:

This experiment involves the following assessment tools:

· Questions throughout the activity

· Engineering Application homework questions
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