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The Force of Gravitation

Subject: 5th Grade Earth Science- Gravitational attraction between the Sun and the Planets

Lesson Overview: 

Through virtual manipulatives, students will be able to describe how gravitational attraction affects the path of planets around the Sun. After first observing Earth’s orbit around the sun through an interactive website, students will then engage in another website exploration which allows them to induce that gravity is related to some characteristics (mass and density) of the celestial objects in question. They will also be challenged to predict what would happen to Earth’s orbit if the Sun were removed from the solar system.   

Standards Addressed:

5th Grade Earth Science 

5c Students know the path of a planet around the Sun is due to the gravitational attraction between the Sun and the Planet.

Student Objectives:

· Students will recognize how the force of gravity affects objects, namely that the object with greater gravity pulls objects downward toward it, as in the cannon ball game. 

· Students will infer that, in general, the gravitational force exerted by more massive objects is greater than that exerted by less massive objects. They will understand that density also has an important role in determining gravitational force.

· Students will infer that the sun, due to its great mass and size, is the object in the solar system that exerts the greatest gravitational force on the rest of the bodies.

· Students will describe the path (orbit) of a planet around the Sun as due to the gravitational force between the planet and the Sun. 

· Students will hypothesize about what might happen to the orbit of a planet if the sun were removed from the solar system.
· Students will interpret a model of an orbiting object and the gravitational force involved.
Vocabulary:

Celestial object (or body), gravitational force, planetary orbit, mass, gravity, planet, gaseous, density

Resources:

Solar System Builder Question Sheet

Student Worksheet

Student worksheet-Answer Sheet

Reading Strategy

Cannon Picture

Evaluation

Websites:

Solar System Builder:

http://highered.mcgraw-hill.com/sites/007299181x/student_view0/chapter7/solar_system_builder_inter_.html#
Gravity Variation Interactive Website:

http://highered.mcgraw-hill.com/sites/0072482621/student_view0/interactives.html#
	          Steps of the Lesson 
	Anticipated Student

  Responses

Teacher’s Responses


	 Methods of

 Formative Evaluation


	Elicit

A. To elicit prior knowledge, students answer the following questions in their journals: 

1. What is mass?

2. How would you describe gravitational force?

3. What is a planetary orbit? Include a drawing with your written answer.

B. Teacher conducts share-out and charts key responses.

Engage:

Teacher will use the Solar System Builder website for this section (CTRL + click on the address):

http://highered.mcgraw-hill.com/sites/007299181x/student_view0/chapter7/solar_system_builder_inter_.html#. This website is projected for the whole class using an LCD projector; students do not need to have it on their own computers.

1. Teacher shows only the earth and sun on this website, with the earth revolving around the sun. Teacher says: “We are dealing with only two objects in space here . What are the two objects? (earth and sun). You will get together with your elbow buddy and answer the questions on the Solar System Builder question sheet.” 

2. Students complete “Solar System Builder-Student Questions.”

a.  Explain your observations in detail.

b. What kind of motion do you see?

    Illustrate it with a diagram.

c. Why do you think that the earth is moving in that

    particular way?

2. Teacher has students share responses and charts them, to be revisited later in the lesson.

Explore:

Gravity Variation Interaction Website Activity- Small groups of students work at a computer.)

1.Teacher introduces the activity by saying: “In this web activity you will again be dealing with two objects. One of the objects will be a cannon ball and the other object will be a celestial object (planet, moon, sun). You will launch the cannon ball to see what kind of path it takes.

2.  Teacher distributes Solar System Student Worksheet and reviews instructions at the top of the worksheet  before students go online. Important: Students must stay at 71m/s velocity and 45° angle for this activity. The only variable they will change is the object on which the cannon ball is launched (sun, moon, Jupiter, etc).

3. Teacher explains that the mass values will be large numbers that use exponents, explains what the exponent means, and writes out a scientific notation number in long hand. Teacher also provides some practice in identifying larger and smaller numbers using the examples shown in the second column of this page.

4. Students go online to http://highered.mcgraw-hill.com/sites/0072482621/student_view0/interactives.html#, conduct the activity, and fill in the data chart on the worksheet.

5. When most students have completed the data chart, teacher has everyone log off and continue with the worksheet questions. Students may help their elbow buddies, but each student must complete their own worksheet. Encourage students to complete #6.

Explain:

1. Student Explanation

Teacher asks students to share their responses to the worksheet questions. Teacher clarifies and corrects errors, going back to website to clarify any confusion.

(See Answer Key)

2. Teacher Explanation of Question #6 via a discussion:

To start, bring up the Solar System Builder website again, showing only the sun. On the left hand side of the screen, hold up a picture (attached) of a cannon ball shooting out of a cannon. Tell students that the cannon ball is the “Earth” and that it will be shot out in the vicinity of the sun.

Questions teacher might use in discussion:

 a. If the Earth, the cannon ball, was shot towards the

    Sun what would its path look like?

      b. What is the Earth going to be attracted towards?

          Why?

      c. How long will it continue in this path?

      d. Do you think the Earth will gradually get closer to the sun, just like the cannon ball eventually falls and hits the sun in the activity you did earlier? Will the Earth “hit” the Sun?

3. After completing the discussion, students respond again to question #6. A special place has been provided on the worksheet for their second, revised response.

4. Teacher brings up Gravity Variation Interaction website again, this time showing sun and all planets. 

Ask: Why are all the planets revolving around the sun?

Explain how the sun’s gravity plays a role in the planetary orbits.

Extend:

A. Saturn and Uranus

1. Teacher revisits question # 5: “What can you say about the gravitational force on Jupiter compared to the gravitational force on Earth?  Why do you think this is so?”  

Teacher shows/posts Student Data Chart and says:  “We saw here that compared to Earth, Jupiter has a greater gravitational force. Some of you said that this must have something to do with its greater mass. 

T: So, if a celestial object has a greater mass than Earth, does it have a greater gravitational force than Earth?  If it has a lower mass than Earth does it have a lower gravitational force?  We saw that this holds true for Mars, Sun, and the Moon. What about the planets Saturn and Uranus?  They have a greater mass than Earth, so what is your prediction about the gravitational force? Will it be greater than or less than Earth’s gravitational force?

2. Allow students to first write their predictions in notebook, then have them go back to Gravity Variation Interaction website to look up mass and gravity for Saturn and Uranus. (They will find that the mass is greater than earth’s mass but the gravity is actually less.)

3. Students respond to question in notebook: Why do you think the gravity on Saturn and Uranus is less than Earth’s even though the mass is greater than Earth’s?

What other information does this website give?

4. Teacher explains #3 above using pictures of Saturn and Uranus. 

5. Students revise their responses to question #3 above. 

B. Literacy Activity-Students read from the Science Textbook. Chapter 7 Lesson 4, Gravity, pages 266-271. 

See attached “Reading Strategy” instruction sheet.

Evaluate:

Student Interpretation of a Diagram 

1. Diagram

Teacher will pass out a simple partially unlabeled diagram showing the sun and the earth with a line connecting them. Only the earth is labeled. To clarify the motion of the earth on the diagram, teacher will revolve the earth (use a ball to represent Earth) around her hand using string.

Questions for Diagram:

a. What does object #1 on the diagram represent (my (teacher’s) hand)?

b. What does the string (or line) represent?

c. Draw the path or orbit of Earth on your diagram and label it.

d. Explain why the Earth has this orbit.

e. What would happen if the string were removed? What kind of motion/movement would the earth have if the string were removed? Why?

e. Draw three additional planets and their orbits in your  diagram. Label the planets and their orbits. Explain why the planets have these orbits.

	S: The earth is moving in a circle. The sun is not moving.

S: The earth is moving around the sun because the sun attracts it.

T: Why would the sun attract it?

Be sure to give full instructions before students go online.

Students may not relate that the larger 

exponent represents a larger number.

T: Review: 

Which number is larger:

8 x 1024 or

8 x 1022 ?
2 x 1024 or

8 x 1022 ?

2 x 1024 or 

8 x 1024 ?

Be sure to give enough wait time for students to think of a response. Some might say that if it is shot toward the sun, then it will hit the sun.

Explain #4:

S: All the planets are attracted to the sun due to its great gravity. The sun’s mass is huge and so it has a great force of gravity. 

T: Yes, and the planets behave just as Earth does, “trying” to follow a straight path but getting pulled toward the sun in a curved orbit.

S: What shot them out into outer space in the first place?

T: Are you thinking about the cannon shooting out the cannon ball? There is the Big Bang Theory that says that there was a great force, an explosion that sent matter flying out into space. 

Extend #3:

S: It might have more mass, but all that mass is mostly gas. Maybe it has something to do with that.

T: Yes, these planets aren’t as dense due to their gases, so this results in lower gravity 


	Teacher listens carefully to shared responses in order to gain an overall picture of students’ prior knowledge or misconceptions that may have to be addressed later.

Check that students write mass and gravity values accurately.

Teacher walks around to read workseet responses. Question and assist students who are stuck or have difficulty.

Explain 3:

Check individual student responses to question # 6. Ask students how their answer changed.

Extend 5:

Have students share how their responses changed

	
	
	

































































