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	Author(s): Nathan McCray  
	Date: 07/15/2013

	Title of Lesson:   Newton’s Second Law

	Grade Level: 4 – 12


	Core Components

	Subject, Content Area or Topic: 

 Physics, Electronics, Science, Math   


	National/State Standards: (Assign as needed based on your state standards) 


	Common Core Standards: (Assign as needed based on your state requirements) 

http://www.corestandards.org/



	Vocabulary: (Teacher add as needed based on your curriculum and learning requirements)

	Learning Objectives (What will the students learn and/or demonstrate?)
The objective of this activity is for the students to explore Newton’s 2nd Law 


	Materials/Resources
Meter tapes, meter sticks, rulers, safety goggles, stopwatches, triple beam balance scales, film canisters or plastic containers with sand, wheeled objects (inexpensive toy trucks or cars, wheeled vehicles built by students using construction kits, etc.) calculators, ramp, masking tape, science learning logs


	Safety (if applicable) 
Have students revisit safety guidelines prior to beginning the activity. They should consider safe use of the space in the room and the rolling of vehicles.



	Prerequisite Understanding: 
Newton’s First Law 



	Process Components

	Anticipatory Set:(“The Hook” -- something to excite the student about the subject matter)
Acceleration is produced when a force acts on a mass. The greater the mass (of the object being accelerated) the greater the amount of force needed (to accelerate the object). 
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What does this mean? 

Everyone unconsciously knows the Second Law. Everyone knows that heavier objects require more force to move the same distance as lighter objects. 

Give examples.  Here are some ideas: 

However, the Second Law gives us an exact relationship between force, mass, and acceleration. It can be expressed as a mathematical equation: 



	Student Activities 

Students: These activities will help you learn all about Newton’s Second Law of Motion. Use the notebook, which you have designated as your Newton’s Lawbook, to take notes, track your progress, and evaluate findings from the experiments you will conduct. Start by writing down Newton’s Second Law of Motion.



	Activity One: Collision 

In this experiment you will examine Newton’s Second Law of Motion by investigating the relationships between force, mass, and acceleration.
In this activity, student groups will use a wheeled object to study the relationship between mass and acceleration when a constant force is applied to the object. 

Depending on the size of the objects used, measure and mark 1 – 5 meter distances on a flat surface.  Be sure to include the ramp in the measurements. Using a ramp standardizes the release method.  Students place the vehicle at the top of the ramp, line rear wheels up with a masking tape start line and release, without any push. Make meter sticks, meter tapes, and rulers available for student use during the investigation. They are expected to measure with accuracy at all times.

The object will be released and the time it takes to move the distance will be recorded. Students will need to measure the mass of their objects, and record the time it takes to travel until the object stops (or has negative acceleration). Have students run several trials before adding more mass to their vehicles. Each addition of mass will be measured and recorded on a chart.

Students should contemplate what problems must be considered in this investigation. The experiment will be repeated by placing additional mass in or on the object. Try using a film canister or plastic container half-filled or filled with sand. Students should see that the increased mass results in a smaller change in speed, thus a smaller acceleration. 

Students identify what changes they will see (dependent or responding variable) and what changes they will make (independent or manipulated variables). The trials should be repeated to obtain an average for each variable tested.

Students should note variations in data collected from the different groups, if the groups used similar vehicles.  They should discuss if the variations fall within an acceptable range. 

In addition to the students completing a laboratory report, summarizing activities should include a class discussion led  by teacher-guided questioning and direct instruction as needed, enabling students to respond either orally or in written format to summative questions and tasks as follows: 

· Make predictions about the time it will take the vehicle to travel the required distance. 

· Use observations and data from the activity to give a definition of accelerated motion.

· Explain the difference between velocity and speed and why velocity is expressed in both speed and direction. Give an example of when knowing both the speed and direction of an object is important. 

· Draw and label a diagram to represent the forces acting on the car.

· Predict how the speed and direction will change if the direction of the force changes. 

· How does a change in the vehicle’s mass affect the acceleration of the vehicle?

· When would students observe that with increased mass, increased force is needed to move the mass? 

· Write a description of what was learned in the experiment. 

Second Activity: (I suggest this is used with older students) 

Students will investigate the motion of different skateboarders pulled with various values of constant force. Using skateboarders of different masses and a variety of constant force values, students produce distance vs. time motion graphs for a number of skateboarding trials. Students may develop their own methods for setting up the lab and recording the necessary data. Following data collection, students analyze the data using Newton's second law and discuss differences between trials, the effects of friction, and possible sources of error in the experiment.

Suggested Use of this Activity

This lab activity can be done with any class grades 9-12 that is studying Physics. It can be done with basic, general, or advanced students if properly modified. It is best done in groups, so any class size will work. The activity should be done during a motion unit while introducing Newton's Laws of motion. It will require approximately 2 regular class periods or 1 block period. Special equipment needed includes skateboards, stopwatches, a graphing program on the computer (optional), and a smooth stretch of floor at least 7-10 meters long. 

Students should begin by making and justifying predictions about what type of motion will result from the application of constant force to an object. Next, describe the goal of the experiment to students—they are to produce distance vs. time graphs for various people on skateboards being pulled with a constant force. Within each group, 3 people of different known mass should be used, and at least 2 force values should be used for each person. Describe the uses and locations of the equipment (skateboards, masking tape, stopwatches, scale that measure in kg). Have students get into groups and develop their own methods for conducting the experiment and measuring data. When they are done, have them graph the data and draw conclusions about the type of motion produced (constant speed, acceleration, etc.). Students should also analyze the effects of friction and sources of error. Finish the activity by officially introducing Newton's second law and have students describe how their results show the predicted relationships between mass and force and acceleration.

There is some risk of injury in this lab, so be sure to stress safety and have each group provide a "spotter" to keep the skateboarder from falling.


 Volunteer to ride the skateboard in one of the trials. 

Some students will want to do tricks and show off on the skateboard, slowing things down and possibly causing damage to the room. You may want to have these students show off in a controlled way for the whole class at the beginning or end of the activity just to get it out of the way. 

This activity can also be done (more precisely) with Vernier motion detectors, if you have enough of them. 

This activity could also be done as a demo to save time. 

Put away all fragile items before doing this activity.
Procedure

1. With pieces of tape, mark positions on the floor at intervals of 0m, 5m, 10m, and 15m on a smooth, level floor in the gym or hallway. Select two students who will ride the skateboard, one who is “lighter” and one who is “heavier.”

2. Record their names in the data tables.
3. A student must sit, well balanced and tucked, on a skateboard at the 0m mark.

4. A second student must stand behind the 0m mark pressing a bathroom scale on the upper back of the sitting student. Three other students can be positioned with a stopwatch at each of the measured intervals (5m, 10m, and 15m) in order to take times to the nearest .01s.
5. The second student must push on the scale and back of the sitting student with a constant pushing force when given the command to begin. The pushing student must maintain a small but constant force (see Data Table A) throughout the distance the skater is pushed, including through the 15m mark. Do NOT push harder to “get going.” Time how long it takes to get to the 5m, 10m, and 15m marks, and record this data in Data Table A along with the readings on the bathroom scale. Designate someone in your group to record data.

6. Repeat the activity twice using a different skater to vary the mass, but keeping the pushing force the same. If the results are inconsistent, the skater may be off-balance or turning the board from a straight line during the trial; if so, then repeat the trial.
7. Repeat with the pusher maintaining a different constant force (See Data Table B) throughout the distance the skater is pushed, but using the same two skaters as before. Record your results in Data Table B.
8. Create two separate distance vs. time graphs on the same sheet of graph paper (top half and bottom half) for each table’s data. Entitle each graph, Plot the data points for each of two students on each graph. Be sure to differentiate the data points for each student by using different symbols or colors to mark points. Connect each student’s data points and label them with the student’s name and whether they were the lighter or heavier skater.



	Assessment/Closure



	Assessment (Pre, post etc…) 

1. Until the time of Galileo and Newton, people believed that a constant force is required to produce a constant speed. Do your observations confirm or reject this idea? Explain.

2. What happens to your speed as you go farther and farther along the measured distances?

3. What happens to the rate of increase in speed – the acceleration – as you proceed farther and farther along the measured distances?

4. When the force of pushing is the same, how does the acceleration depend on the mass of the skater?

5. When the mass of the skater is the same, how does the acceleration depend on the force of pushing?
 

	Enrichment: As teacher sees fit. 

	Resources/References 

Lab Reporting Sheet 
Name:_________________________

Date:__________________________

Skateboard Activity (Newton’s 2nd Law) 
Note: Before you do the lab, write down what you think will happen to each person’s speed when they’re pushed with a constant force.
Data Table A: Smaller Constant Force
Name
Force (N or lb)
Distance (m)
Time (s)
5 m

10 m 

15 m 

5 m

10 m

15m

Data Table B: Larger Constant Force
Name
Force (N or lb)
Distance (m)
Time (s)
5 m

10 m 

15 m 

5 m

10 m

15m





*Every lesson is different so you may not have to fill in all areas. 
	Notes: 




Lesson Plan Prepared for 


ARRL Education & Technology Program
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