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Students will use materials provided and their knowledge of Newton’s second law to observe and determine the connection between acceleration, forces, and mass. To complete this activity, students will finish one exercise relating the force of gravity and the force of friction to the acceleration of different masses in different directions.

Subject: 
· Science: Physics

· TEKS: 8.1b: 8.2a 8.2b : 8.2c :  8.2d: 8.3a: 8.3b : 8.3c :8.4a :8.7a: 
Grade Level: 

· Target Grade: 8
· Upper Bound: 8 

· Lower Bound: 7
Time required: 1 class period


Lab Team/Group Size: 3 

Materials: 

· String
· A light paperback book or light cardboard box
· Known weights (no more than 10 g but no less than 1 g)

· Sandpaper
· Stop watch

· Meter stick

· Scientific calculator with simple functions such as square root and addition
· Tape

Expendable Activity Cost Per Group [in dollars]: $ 10.00

Learning Objectives: 

· Observe the nature of forces
· Relate force to mass and acceleration with Newton’s Second Law

· Understand and be able to use Newton’s Second Law of Motion

Lesson Introduction / Motivation: 
Use students as an example of net force. Have two students push on each other’s hands. The students don’t move if the net force that they create is zero. 
· Play tug-of-war with a rope. Students create a net force in one direction or the other direction, or they can create a net force of zero.
· Suspension bridges work by using tension in cables to equal the weight of the bridge being held up. Show an example of the Golden Gate Bridge. Have students estimate the tension in each cable. See who can get the closest before giving the answer.

Lesson Plan: 

· Measure the mass of the book
· Tape a string to one end of the book, and hang the string over the edge of a table. 

· Place the book on the table. Make sure the string attached is just long enough to reach over the edge of the table but is short enough to be considerably high from the ground. 

· Attach a weight to the other end of the string. 

· Watch as the weight pulls the string down and pulls the book across. 

· Students should measure the acceleration of the book using the lab worksheet provided.
· Now that students have calculated the acceleration of the object, they should calculate the force acting on the object.
· The students should then calculate the friction force acting on the system. 

· Now have the students repeat the experiment using sandpaper.
· Tape the sandpaper to the middle of the table to make sure it does not move. Place the book at one end of the table. Do not place the book on the sandpaper. Have students make observations as the weight travels over the sandpaper and off the table.
· Students will record their observations and then complete the lab worksheet provided.

Assessment: 
Students understand Newton’s Second Law when they can calculate and understand the components of Newton’s Second Law. More than half of understanding physics is practical application. If students don’t understand acceleration or if the students do not understand the relationship between forces and mass, they will have trouble calculating it.
Vocabulary / Definitions: 

· Forces: an influence on a body or system, producing or tending to produce a change in movement or in shape or other effects
· Acceleration: A change in the velocity of an object 
· Mass: A measure of resistance to a change in a state of motion.
· Friction: surface resistance to relative motion
· Weight: The force created by the pull of gravity and the mass of an object
· Velocity: The speed and direction of motion of a moving body
· Displacement: The measurement of the final position to the initial position. This is not the same concept as distance traveled.
· Net Force: The total sum of all the forces acting on an object in an inertial reference frame
Background and Concepts for Teachers: 

· Newton’s First, Second, and Third Law
· Forces and coordinate reference frames

· Understanding of simple kinematics equations

Prerequisites for this Lesson:
· Newton’s First Law 

· Ability to solve mathematical equations
· Understanding of the concept weight and mass
Lesson Scaling: 

· This lesson can be modified for upper level classes by examining error in calculations. Introduce the concept of error and how to apply it to an experiment. Also, have the students identify the places and situations where error is most prominent (i.e. when calculating values of acceleration and values of velocity or when trying to take an accurate measurement from a ruler). 
· This lesson can also be modified for students in lower grade levels. These students can simply make observations. What happens to the brick as it slides across the table? Have the students observe a brick falling a certain distance and then have them compare the observed speed of that brick to the one sliding across the table for the same amount of distance. Which one is moving faster?

Lesson Extensions: 
· Consider a balance. When weights are attached, the weights exert forces on the bar. Have students use a balance to examine forces, acceleration, and net force. You may want to introduce the concept of torque to students so that they may gain a deeper understanding of why forces act the way they do on a balance.
· Think about airplanes. Why do they stay in the air? You can add to your lesson by relating net force to lift in airplanes or even buoyancy in boats.

Multimedia Support and Attachments:
· Second Law teacher power point
· Second Law student Practice worksheet
· Second Law student Lab worksheet
· Second Law Answer Key
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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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