Lab 3: The Inclined Plane & The Wedge

Teacher Lesson Plan
In this laboratory students will be introduced to the inclined plane, the wedge, and the screw.  They will learn how to use these simple machines to make work easier.  They will qualitatively and quantitatively describe how to use these machines to their advantage.

Level: 8 

Science 3240- 8th Grade Integrated Science-- Change

Utah State Core Standard: 3240-04  


Students will construct various machines, and compare the work done by them.

Utah State Core Objective: 3240-0401  


Construct simple machines, and use them to measure and analyze work done by them.

Intended Learning Outcomes: 
(From Utah State Core ILO's)

1a. Make observations and measurements (uses instruments as appropriate). 

2a. Identify variables and describe relationships between them. 

2e. Analyze data and draw warranted inferences. 

2g. Construct models and simulations to describe and explain natural phenomena. 

4d. Recognize the personal relevance of science in daily life.

5a. Know science terminology appropriate to grade level. 

5e. Solve problems by applying science principles and procedures. 

6a. Use the language and concepts of science as a means of thinking and communicating. 

Lesson Objectives:

After completing this lesson, each student will

· Describe 2 simple machines: the inclined plane and the wedge.

· Describe how each of these machines can make work easier.

· Calculate mechanical advantage of these machines.

· Represent data in a data table and a graph.

· Analyze data and make predictions.

· Determine the relationship between Work Input and Work Output.

Background

Introduction: 


This is the third lab in a series of four.  To review, Lab 1 introduced the concepts of work, mechanical advantage, and efficiency.  Lab 2 introduced students to three simple machines:  the lever, pulley, and wheel & axle.  This lab will teach students about two other three simple machines:  the inclined plane and the wedge.

Science:   


The underlying purpose for this lab is to continue building students' understanding of the simple machines.  The advantage of these machines lies in the fact that we are able to increase the effort distance, which requires a decreased effort force.  Thus, to do the same amount of work, we exert less force over a greater distance.  This is often much easier to accomplish.  


The inclined plane is basically just a fancy word for a ramp.  The work being done is the lifting of an object a certain height.  Thus, FR is the weight of the object, and DR is the height the object is to be lifted.  To lift an object, one must exert a force at least equal to the force of gravity (which is the weight of the object).  Since work = force x distance, we have work = (weight) x (height).  Using the relationship to determine mechanical advantage, we see that DE is the length of the ramp and DR is the height of the ramp. The mechanical advantage of an inclined plane, therefore, is MA = (length of ramp) / (height of ramp).  Since mechanical advantage is also equal to FR ÷ FE, we can see that our effort force is inversely proportional to the length of the ramp.  (If the ramp is 3 times longer than it is high, we need only apply 1/3 the force to move the object up the ramp.)


The wedge is basically an inclined plane that moves, and mechanical advantage is calculated the same way. 


This activity uses SI units (the metric system).  The SI unit for weight or other forces is the Newton (N).  4.45 N = 1 pound.  The SI unit for distance or length is the meter (m).  1 meter = 3.28 feet.  2.54 cm = 1 inch.

Student Preliminary Skills:

Before performing this activity, students should have completed the first two activities in this unit.  As such they should have the preliminary skills required for those activities.  This activity builds on the conceptual and mathematical understanding which was developed in those activities.   Students should be familiar with the concepts of work and mechanical advantage.  They should be able to calculate such values.

Materials: 

There are two possible configurations to use this activity:

1.
Each group has access to a computer with an Internet connection.

2.
Teacher has a computer with Internet connection, and a display device to display to the entire class.

In either case, the following materials are required to fully implement this activity:

· Student Lab packet  (at least one per group if not one per person)

· Calculator  (at least one per group if not one per person)

Invitation to Learn

Try to find a short video clip that shows someone (perhaps Superman, or the Hulk; it could even be an animated video clip) lifting a very heavy object.  Ask students how many of them would be able to lift such an object.  Discuss how work is involved here.  Try to elicit responses from the students to see if they firmly grasp the concept of work input and work output of a machine.  They should have this concept from the first two machines lessons.  Also, ask how they might use a simple machine to help them lift such a heavy object.  They might mention the lever and the pulley, since they have already learned about these.  Ask them if they have any ideas other than those that might help them.  You might refer them back to the example from lesson 1 about loading the tires up on the truck.  The student there used a plank to create a ramp.  

Procedure

Pre-assessment:


The pre-assessment is part of the Invitation To Learn.  As you are catching their attention, you are also assessing how much they already know about inclined planes and wedges. (not ‘wedgies’)

Step by step directions for teaching the lab:
1.
Be sure each student or each lab group has a copy of the student lab packet.  

2.
Students should proceed to the beginning of the student lab.  As they read the introduction, they see the problem of  raising a car 2 m off the ground.  They should brainstorm some ideas about how to accomplish the task.  

3. 
The following instructions for students can be found in the lab:

Let’s try to find out if we could use an inclined plane (just a fancy word for a ramp) to help us lift the car.  In this activity you will be allowed to change the length of the ramp by moving the slider.  Perhaps changing the length of the ramp will make it easier to push the car.  Select a length, and click on GO.  The data will be displayed, and you may choose to record this data by clicking on Record Data.

4. Guide the students to take sufficient data, and then ask them to record their data in their lab packet. Have them complete the table, by calculating the work input (effort force x effort distance) and the work output (resistance force x resistance distance).  Then calculate the mechanical advantage of each inclined plane.

5. Students should sketch their graph in their lab packet, and answer the rest of the questions.
Closure

Summarizing the Objectives of the Lesson


By completing the lab packet, students will have a greater understanding of these two simple machines.  They should be able to calculate the mechanical advantage of each machine, and make these comparisons: the effort force with the resistance force, the effort distance with the resistance distance, and the work input with the work output.  

Extension


Ask students to make a list of every instance they notice a wedge or inclined plane in their daily routine.  This could be extended to include all simple machines; they have learned five of the six by now.  Perhaps you could award a prize of some kind for the student who identifies the most examples.

Post-Assessment


Part of the post-assessment is contained in the student lab packet.  As students complete the lab packet, you can check to see if they understand the objective of this lesson.

An important component of science is the presentation of experimental results to the scientific community.  As part of this activity, you should ask lab teams to prepare a brief oral presentation of their lab.  As students present their results orally to the class, you will have a chance to ask probing questions to see if they really do understand the concept of collisions.  This also provides the opportunity for diverse learning styles as students must use a variety of learning strategies to prepare and orally present their information. (Normally, only two or three groups would actually present, but all groups would prepare a presentation.)

