Title for the Conceptual Area: An investigation of Newton’s First and Second Laws of motion.

List of Materials & Safety Considerations:

· Various weights (10 textbooks are good for this)

· Two 20 lb weights

· A 4 wheel dolly

· A long rope

· Safety Considerations: Some students may not be as physically strong as others.  Small incremental weights should be determined as not to hurt a students back when pulling on the dolly.  Also one may need to rethink this strategy if there are any disabled or handicap students who are unable to pull/push.

Curriculum Location:


This topic fits in the Senior 2 Science Curriculum in Cluster: Physics in Motion, this lesson will address:

· S2-0-5a Select and use appropriate methods and tools for collecting data or information

· S2-0-6a Interpret patterns and trend in data, and infer and explain relationships

· S2-0-6b Identify and suggest explanations for discrepancies in data.

· S2-0-7a Draw a conclusion that explains the results of the investigation.

· SLO S2-3-06 Describe qualitatively how force is related to motion.

· Include: no force; constant force; the relationship among force, mass, and acceleration (Newton’s Second Law)

· SLO S2-3-04 Outline the historical development of the concept of force and “natural” motion

· Include: Aristotle, Galileo, Newton’s First Law of motion

· GLO: D4, E3

Students should have some idea of Newton’s First Law of motion.  Review as necessary before class starts.

Possible Student Misconceptions:


1. Students may believe an object always requires a force to stay in motion

2. Students may believe an object in motion requires the same amount of force to move.

Instructional Procedures:


Introduction to Lesson

· Explain that today’s class will be an investigation of Newton’s Second Law of motion (F=ma)

· Ask students for their ideas of what Newton’s Second Law of motion (F=ma) means to them and record some of their ideas on the board as hypothesis.  This way students will have their prediction done as they experiment and discover if what they think is true or false.  This allows students to start thinking at the psychological level.

Evidential Level

· Have a workstations setup before students arrive in the classroom with all the materials they will need at the station.  The tables and chair must be cleared out of the way to provide room for pulling/pushing on the dolly.  Have one station setup per 4 students (approximately 5-7 stations for the average science class).  The stations will involve:

1) two 20 lb weight

2) 10 textbooks

3) a dolly

4) a rope

· Assign students to workstations using a preplanned overhead projector slide.  As the students come into the classroom, inform them that instructions will be given on the procedure once the class starts (by bell or by the teacher).

· When the class has initiated, tell them they will find a handout at their workstation that contains a chart.  This chart will be used to collect and record their experiences as they go.

· Explain to the whole class what will be happening at each station and identify where and how they are to record the results on their charts.

· Allow 10-15 minutes for each of the four students per group to complete their experiences.  Circulate around the classroom for questions or problems that may arise and answer them.

Psychological Level

· When the entire class has completed their experiments/experiences move the tables and chairs back into their original arrangements.  Students should seat themselves according to their original arrangements.

· Ask students to raise their hands and respond to the following question.  Record their answers on the board as they are numbered.

· Was it difficult to push/pull the dolly from rest with one 20 lb weight?

· Was it difficult to push/pull the dolly once it was moving with the 20 lb weight?

· Was it difficult to push/pull the dolly from rest with two 20 lb weights?

· Was it difficult to push/pull the dolly once it was moving with two 20 lb weights?

· Was it difficult to push/pull the dolly from rest with two 20 lb weights and 5 more textbooks added?

· Was it difficult to push/pull the dolly once it was moving with two 20 lb weights and 5 more textbooks added?

· Was it difficult to push/pull the dolly from rest with two 20 lb weights and 10 more textbooks added?

· Was it difficult to push/pull the dolly once it was moving with two 20 lb weights and 10 more textbooks added?

· Using their answers from their experiences students should find that it is harder to push/pull the dolly initially.  Students should find that once the dolly is in motion it is easier to push/pull it.  Some students may find this discrepant if they do not understand Newton’s First and Second laws of motion.

· Have students compare with eachother in groups of 4 what each of them found about pushing the varying weights.  Have them come up with reasons for their inconsistencies with eachother.

· Bring this knowledge back to what their hypothesis was about F=ma.  Was the student’s predictions correct according to their experience?    Have them draw a conclusion about an the easiness of pushing/pulling an object at rest vs. an object in motion.

· Finally have students answer the question about the ball and the wooden block.  Why did the ball move further than the wooden block?

Theoretical Level

· At this level students will takes notes on Newton’s Second Law of motion.  While they are taking notes I will make connections to their labs and everyday life.  Specifically I will explain to them F=ma and specifically what acceleration is.  How Force is required to accelerate something.

· Students will have learned about Newton’s First Law of motion already so it is a good time to tie things in.  In order to get an object in motion (accelerate) we need a force.  No acceleration requires no force.  However because of friction a small amount of force must be applied to overcome friction in order to keep the object in motion.  I will use diagrams to explain the forces acting on the dolly including the pushing/pulling force as well as the frictional force.  I will also explain acceleration and what is happening.

Instructions for each station (to be placed at each station):

WARNING: DO NOT OVER EXERT YOURSELF IF YOU CANNOT PUSH/PULL THE WEIGHT.

1) Decide as a group if you are going to push or pull the dolly

2) If you are pulling the dolly tie a rope to the end of the dolly for pulling

3) Place one 20 lb weight on the dolly and push/pull the dolly to the other end of the room.  Have someone else push/pull the dolly back the other way.  Make sure the all group members get an opportunity to push/pull the dolly with one 20lb weight placed on it.

4) Place another 20 lb weight (total 40 lbs) on the dolly and push/pull the dolly to the other end of the room.  Have someone else push/pull the dolly back the other way.  Make sure the all group members get an opportunity to push/pull the dolly with two 20lb weight placed on it.

5) Add 5 textbooks onto the dolly (with 40 lb weights on them).  Again push/pull the dolly to the other end of the room.  Have someone else push/pull the dolly back the other way.  Make sure the all group members get an opportunity to push/pull the dolly with 5 textbooks added onto it.

6) Add 10 textbooks onto the dolly (with 40 lb weights on them).  Again push/pull the dolly to the other end of the room.  Have someone else push/pull the dolly back the other way.  Make sure the all group members get an opportunity to push/pull the dolly with 10 textbooks added onto it.

Rank from 0-5 the easiness in pushing/pulling the weight (0 being no effort, 5 being using full force) for the various situations:

	
	Initially
	In motion

	Pushing/Pulling the dolly with 20 lbs
	
	

	Pushing/Pulling the dolly with 40 lbs
	
	

	Pushing/Pulling the dolly with 40 lbs and 5 textbooks
	
	

	Pushing/Pulling the dolly with 40 lbs and 10 textbooks
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