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Instructional Progression:

In the 8th grade students explained how gravitational forces are

influenced by mass and distance (8-4.6). In Physical Science students will understand the new concept that all objects exert forces on all other objects.
Taxonomy level of indicator:
2.7-B Understand Conceptual Knowledge
Key Concepts:

Newton’s Law of Universal Gravitation
Content Overview:
It is essential for students to understand

Newton’s Law of Universal Gravitation states that there is a force of attraction between all objects in the universe.

The Law of Universal Gravitation applies to all objects.

The size of the gravitational force of attraction between two objects depends on the mass of both objects and the distance between objects.
The force is greater when the mass of either of the two objects is greater.

Earth, with its huge mass, has a relatively large attractive force with all of the objects near its surface.

The moon has less mass than Earth, so the moon has less attraction for objects on its surface than Earth does. (Objects on the surface of the moon weigh less than on Earth because the gravitational force between the object and the moon is less than the

gravitational force between the object and the Earth.)

The reason the attraction is not noticed between ordinary sized objects that are on earth is that the force that Earth exerts on objects is so great relative to the force of attraction between other objects. (negligible relative to the attraction of the object to Earth).


The closer the two objects are, the greater the force.
When an object, such as a space vehicle, moves away from Earth, the gravitational attraction between Earth and the vehicle becomes less and less.

That if the force acting on a falling object is the same as the force acting on Earth, the object accelerates toward Earth while Earth doesn’t seem to accelerate at all. This is because the mass of Earth is so huge, the force causes only a very tiny acceleration, one that is undetectable by humans.

Teaching Lesson A:
Newton’s Law of Universal Gravitation

Introduction to the lesson:

Background Information

There is an old story about Newton being in an apple orchard and watching an apple fall from a tree while thinking about the problem of the moon going around earth and that it was from this event that led him to Newton’s Law of Universal Gravitation. Whether or not this was true, Newton was the first to describe the attractive force between all objects with mass in such a way that the fall of an apple and the way the moon orbits earth and the planets orbit the sun are the same – the force is universal.

When considering the force of attraction between any two objects it is important to note that the force is greater when the mass of either of the two objects is greater. An example of this would be to compare the earth, with its huge mass has a relatively large attractive force with all of the objects near its surface. The moon has less mass than earth, so the moon has less attraction for objects on its surface than earth does. This is why objects on the surface of the moon weigh less than on earth because the moon has less mass and therefore less gravitational force than earth.

The reason we do not notice the attraction between ordinary sized objects when we are on earth is that the force that the earth exerts on objects is so great; the force of attraction between other objects is very small. The closer the two objects are, the greater the force. When an object such as a space vehicle moves away from earth, the gravitational attraction between earth and the vehicle becomes less and less.

The force acting on a falling object is the same as the force acting on the earth, the object accelerates toward the earth while earth doesn’t seem to accelerate at all.  This is because the mass of the earth is so huge, a small force causes only a very tiny acceleration, one that is undetectable by humans.

We learned in earlier investigations that objects can only change direction when a net force is applied. Without a net force objects at rest will stay at rest and objects in motion will maintain their speed along a straight line. For Newton, the orbit of the moon was similar to shooting a very fast cannonball from a high mountain.

Neglecting air resistance, Newton imagined a cannonball being fired slowly will fall to earth with a path shown in D. If the cannonball was given a faster initial velocity, it might have a path as shown in E, F, and B. If however, a cannonball is given just the right amount of initial velocity, the cannonball would continuously fall to earth, but at the same rate at which the earth is curving. The cannonball would be in orbit!

Lesson time:

1 day

Materials Needed:

Computer with Internet access
Essential Question:
How the gravitational force between two objects affected by the mass of each object and the distance between them?
Procedure:

http://galileoandeinstein.physics.virginia.edu/more_stuff/flashlets/NewtMtn/NewtMtn.html
Assessing the Lesson:
Formative Assessment
Questions 1-6 are based on the following website.

http://galileoandeinstein.physics.virginia.edu/more_stuff/flashlets/NewtMtn/NewtMtn.html 

1. Set the firing speed of the demonstration to 2.0 km/s and fire the canon by pressing Play. What did you observe?

2. Press Reset to reset the demonstration and set the firing speed to about 4 km/s. What did you observe?

3. At what firing speed does the canon orbit the earth in a circle?

4. Set the firing speed slightly more than the speed required for a circular orbit. What is the shape of the orbit of the canon?

5. Set the firing speed to 8.13 km/s and fire the canon. Wait about 30 seconds. What did you observe?

6. Set the firing speed to any number more than 11.2 km/s and fire. What do you observe?

7. 
Describe the gravitational force between two objects if the distance between them increases.

8.
Describe the gravitational force between two objects at a certain distance apart compared with objects of larger masses with the same distance between them.
Assessment 1:
Summative Assesment

Vocabulary Development of Key Concepts

Purpose: To understand the meaning and uses of Key Concepts involving Newton’s Three Laws of Motion and Universal Law of Gravitation.

Create a Frayer-like Model for each of the key concepts. You may use the traditional Frayer Model used in Lesson 1.9 or you may create your own. The Frayer-like Model must have 5 components: Word, Definition in own words, Facts or Characteristics, Examples, and Non-examples.


Example




Key Concepts

Newton’s 1st Law: Law of Inertia, newton (N), inertia, friction

Newton’s 2nd Law

Newton’s 3rd Law: Law of Action and Reaction, action force, reaction force

Force: applied force, frictional force, net force (Fnet), action force, reaction force, force of weight (Fg)

Newton’s Law of Universal Gravitation

CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

	Content Area:  Science
	Science Inquiry Skills-These standards should be addressed during the first few weeks of school and revisited throughout each unit.                                                   Physical Science

	Recommended  Days of Instruction: 1
	(one day equals 90 min)

	Standard(s) addressed:  PS–5 The student will demonstrate an understanding of the nature of forces and motion.


	

	Forces and Motion

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	PS-5.10 
Explain how gravitational force between two objects is affected by the mass of each object and the distance between them.
	SC Science Standards Support Guide

https://www.ed.sc.gov/apps/cso/standards/supdocs_hs.cfm?

Adopted Physical Science Textbook (see appendix for correlations)
http://galileaoandeinstein.physics.virginia.edu/more_stuff/flashlets/NewtMtn/NewtMtn.html

	Module 5-10

Lesson A
Newton’s Law of Universal Gravitation


	Assessment Guidelines:

5.10 As the verb for this indicator is explain the major focus of assessment will be for students to “construct a cause and effect model” about gravitational force.  


Standard: The student will demonstrate an understanding of the nature of forces and motion..








Indicator: Explain how the gravitational force between two objects is affected by the mass of each object and the distance between them.


	


Other Indicators Addressed: PS-5.7





Characteristics





- Can change an objects velocity if unbalanced


- Can make things stay still or in constant motion if balanced








FORCE





Something that can make a stationary object move or change a moving object.





car





push


pull





Example





Non Example





























