
SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area:  
	Eighth Grade Science                            

	Recommended  Days of Instruction:  2
(for this lesson only; NOT for this indicator)
	(one day equals 55 min)

	Standard(s) addressed:  8-4

	The student will demonstrate an understanding of the characteristics, structure, and predictable motions of celestial bodies. (Earth Science)

	Earth’s Structure and Processes

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-4.7:  Explain the effects of gravity on tides and planetary orbits.
	SC Science Standards Support Guide Resource List
https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm
SC ETV Streamline 
http://etv.streamlinesc.org
“Gravity in Space” (3:54) of the video of Physical Science: Forces and Gravity  http://player.discoveryeducation.com/index.cfm?guidAssetId=A9A3C155-CC08-491E-B8F6-C66302DC1513
 “Gravity and Inertia” (2:01) of the video:  A Spin Around the Solar System: How the Solar System Works http://player.discoveryeducation.com/index.cfm?guidAssetId=AF010085-2A44-4115-BD5C-23656E3840F2
Additional Resources
 “Microgravity” http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Around_the_World.html  
“The Constant Pull of Gravity:  How does it work?”

http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/The_Constant_Pull_of_Gravity.html
 “Gravity and its Effect on Planetary Orbits” http://starchild.gsfc.nasa.gov/docs/StarChild/teachers/gravity_effects.html
Animations about motion http://csep10.phys.utk.edu/astr161/lect/solarsys/revolution.html
http://www.educypedia.be/education/spacejava.htm
Nova Online: Sinking City of Venice What Causes the Tides http://www.pbs.org/wgbh/nova/venice/tides.html
“The Inclined Pendulum” http://genesismission.jpl.nasa.gov/gm2/multimedia/webcasts/PDFs/TGWEBkeplerslaws.pdf
The difference between spring tides and neap tides http://www.classzone.com/books/earth_science/terc/navigation/chapter24.cfm
http://www.valdosta.edu/~cbarnbau/astro_demos/frameset_tides.html
NASA Jet Propulsion Laboratory: Welcome to the Planets http://pds.jpl.nasa.gov/planets/welcome.htm
Amazing Space 

 http://amazing-space.stsci.edu/ 

Earth Science World  http://www.earthscienceworld.org/index.html 

Views of the Solar System  http://solarviews.com/
San Francisco Exploratorium: Space Weather Research Explorer  

http://www.exploratorium.edu/spaceweather/index.html 

National Aeronautic and Space Administration (NASA) Earth Observatory  http://Earthobservatory.nasa.gov/ 

The Planetary Society http://www.planetary.org/ 

Microgravity in the Classroom

http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Microgravity_in_the_Classroom.html

	See Science Module 8-4.7

	From the South Carolina Science Support Document:

The objective of this indicator is to explain the effects of gravity’s pull on tides and planetary orbits; therefore, the primary focus of assessment should be to construct a cause-and-effect model that varies the effect of the pull of gravity in different ways. However, appropriate assessments should also require students to interpret diagrams that show varying aspects of tidal pull or planetary orbits; infer how a change in the force of gravity would change other factors; or recognize the factors that keep planets in orbit around the Sun.


Eighth Grade

Science Module 

8-4.7
Astronomy: Earth and Space Systems
Lesson A
[image: image3.emf]
From the South Carolina Science Support Documents:

Indicator 8.4.7:  Explain the effects of gravity on tides and planetary orbits.
Taxonomy level: 

Understand Conceptual Knowledge (2.7-B)
Previous/Future knowledge: Tides as an effect of the Moon was illustrated in 4th grade (4-3.6), but being an effect of the pull of gravity is new conceptual material. Gravity effecting planetary orbits is a new concept in this grade. High school Earth Science students will study further the effect of gravity on the formation and shapes of galaxies (ES-2.8).

It is essential for students to know that tides and planetary orbits are caused by the pull of gravity.

Effects of Gravity on Tides

· The Moon being closer to Earth than the Sun (distance) has the greatest pulling effect on tides, the rise and fall of ocean water in this case.

· The Sun also pulls on Earth and

· can combine its force with the Moon causing even higher tides, spring tides

· or can be a right angles, pulling against the Moon’s pull, causing very little tidal change, neap tides.

Effects of Gravity on Planetary Orbits

· The Sun’s gravitational attraction, along with the planet’s inertia (continual forward motion), keeps the planets moving in elliptical orbits (Earth’s orbit is slightly oval) and determines how fast they orbit.

· Planets nearer the Sun move/orbit faster than planets farther from the Sun because the gravitational attraction is greater.

· When a planet is farther from the Sun, the gravitational attraction between them decreases and the planet moves/orbits slower.

It is not essential for students to know how gravitational force causes the high tides on both sides of Earth, or how to produce an elliptical orbit using two foci.

Assessment Guidelines:

The objective of this indicator is to explain the effects of gravity’s pull on tides and planetary orbits; therefore, the primary focus of assessment should be to construct a cause-and-effect model that varies the effect of the pull of gravity in different ways. 
However, appropriate assessments should also require students to interpret diagrams that show varying aspects of tidal pull or planetary orbits; infer how a change in the force of gravity would change other factors; or recognize the factors that keep planets in orbit around the Sun.

Teaching Indicator 8-4.7: Lesson A –“Gravitational Effect on Tides and Orbits”
Instructional Considerations: 
This lesson is an example of how a teacher might address the intent of this indicator.  The STC kit Earth in Space provides an opportunity for conceptual development of the concepts within the standard.  NOTE:  This lesson does NOT adequately address the entire content included within this standard.  
Misconceptions:

Some incorrect believes children often hold include but are not limited to:

· Gravity does not affect all matter at all times.  (All matter exerts a gravitational force on all other matter.)
· Planets with slow or no rotation have little or no gravity.  (Surface gravity depends on the mass and radius of a planet not on its rotation.)
· Students may not recognize that the Sun attracts Earth and the Earth attracts the Sun.  (The gravitational force of the Sun on Earth is the same as the gravitational force of Earth on the Sun.)
· Students may believe that a planet cannot stay in orbit unless a force constantly “pushes” it.  (Planetary motion is dependent on the Sun’s gravitational pull on the planet and the planet’s forward motion.)
· Students may think that the Sun’s gravitational influence on Pluto must be stronger than its influence on Mercury in order to hold Pluto in orbit.  (Various factors determine gravitational attractions, including mass and distance.  Pluto’s mass is less than Mercury’s and Pluto is further away from the Sun; therefore, the gravitational attraction between the Sun and Pluto is less than the gravitational attraction between Mercury and the Sun.)
· High tides exist on the side of the Earth nearest the Moon.  (High tides often occur simultaneously on opposite sides of Earth along the Moon-Earth line.)
· Tides are caused by the wind or earthquakes.  (While the waves created by underwater earthquakes – called tsunamis – are often mistakenly referred to as “tidal waves”, they are not the result of tidal forces.  Tides are the result of the Moon and Sun’s gravitational influences on Earth.)
· A full moon causes stronger tides than a new moon; and a new moon results in no or low tides.  (It is the location of the Moon, and not its phase that results in tides.  A new moon and full moon both result in spring tides.)
· A “spring tide” only occurs in the spring.  (They occur in all months.)
· Children often have trouble making the connection to real world from simulations or models; be explicit in asking clarifying questions to ensure lifelong misconceptions are not created.

Safety Note(s):

Students should know and practice the procedures for fire, glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles.   Students should know and practice safe disposal of materials in a laboratory setting.  
Lesson time:

2 days (1 day equals 55 minutes)
Materials Needed: (per groups of 4)


· Large Rubber or plastic sheet 

· Heavy round object, such as an 8-lb medicine ball or round watermelon 

· Smaller, lighter objects, such as tennis balls 
· Large ball with flower pot (a globe can be used instead)
· String – 2 meters

· Small ball (attached to one end of the string)
· Metal ring mounted onto a piece of plywood (NOTE: can use an embroidery hoop)
· Marble 
· Article “Around the World” (see attached)
· Student Activity “The Inclined Pendulum” (see attached)

· Stopwatch or other timing device 

· Five textbooks (all about the same size) 
Focus Question:
What effect does gravitational force have on tides and planetary orbits?
Engage:

1. Dialogue as a class about hunches as to what causes tides and the planets to orbit.  Solicit as many ideas as possible to set the stage that all ideas are welcome and together we will figure out which is more accurate over others.  This is not the time to change misconceptions or clarify confusion.  This topic is challenging to comprehend and scaffolding is required for true understanding to occur.
2. Watch the video segment “The constant pull of gravity:  How does it work?” presented by NASA as part of the Liftoff to Learning – Microgravity DVD.  Available at: http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/The_Constant_Pull_of_Gravity.html
Explore:
1. NOTE:  This has been adapted from the student activity “Gravity and its effect on planetary orbits” published by StarChild and can be downloaded in the original format at: http://starchild.gsfc.nasa.gov/docs/StarChild/teachers/gravity_effects.html
Credit: Artwork by Aurore Simmonet

2. Review the definition of gravity 

3. Drop a ball and explain why it falls downward 

4. Explain that the strength of a gravitational pull is determined by the masses of the objects involved and the distance between the objects 

5. Hold up a scale model of Earth and a scale model of the Sun. Inquire as to which object would exert a stronger pull 
6. Explain that the sheet represents spacetime, the large object represents the Sun and the smaller object represents a planet 

7. Have the students pull the edges of the sheet outward. Make sure the sheet is taut. 

8. Roll the lighter balls across the sheet. Note how they travel in a straight line.
[image: image1.png]



9. Place the heavy object in the center of the sheet. Keep the sheet pulled taut. 

10. Roll the lighter balls across the sheet once again. Note how they now curve. This illustrates Kepler's First Law that states a planet orbits the Sun in an elliptical orbit (Ideally there would be no friction and the lighter balls would make a complete elliptical orbit.)

[image: image2.png]



11. Discuss how large massive objects such as the Sun curve spacetime toward them (i.e., the ball follows a curved path) 

12. Discuss how smaller objects such as the ball, or planets, follow the curve of spacetime created by the more massive object 

Explain: 
1. Watch ETV Streamline SC segment “Gravity in Space” (3:54) of the video of Physical Science: Forces and Gravity - http://player.discoveryeducation.com/index.cfm?guidAssetId=A9A3C155-CC08-491E-B8F6-C66302DC1513
2. [image: image4.emf]Watch ETV Streamline SC segment “Gravity and Inertia” (2:01) of the video:  A Spin Around the Solar System: How the Solar System Works - http://player.discoveryeducation.com/index.cfm?guidAssetId=AF010085-2A44-4115-BD5C-23656E3840F2
3. NOTE:  This lesson was extracted from “Microgravity” published by NASA and can be downloaded in the original format at: http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Around_the_World.html  
This activity can be conducted as a demonstration or a small group activity at a learning station where student groups take turns. 
4. Pick a small ball to which it is easy to attach a string. A small slit can be cut into a tennis ball or racquetball with a sharp knife. Then, a knotted string can be shoved through the slit. The slit will close around the string. A screw eye can be screwed into a solid rubber or wood ball and a string attached to it.

5. If using this as an activity, have students work in groups of two. The large ball and flowerpot should be placed on the floor in an open area. Tell students to imagine the ball is Earth with its north pole straight up. One student will stand near the ball and pot and hold the end of the string the small ball is attached to. This student’s hand should be held directly over the large ball’s north pole, and enough string should be played out so that the small ball comes to rest where the large ball’s equator should be. While the first student holds the string steadily the second student starts the small ball moving. The objective is to move the small ball in a direction and at a speed that will permit it to orbit the big ball.
6. This model of a satellite orbiting around Earth is effective for teaching some fundamentals of orbital dynamics. Students will discover that the way to orbit the small ball is to pull it outward a short distance from the large ball and then start it moving parallel to the large ball’s surface. The speed they move it will determine where the ball ends up. If the small ball moves too slowly, it will arc “down” to Earth’s surface. NASA launches orbital spacecraft in the same way. They are carried above most of Earth’s atmosphere and aimed parallel to Earth’s surface at a particular speed. The speed is determined by the desired altitude for the satellite. Satellites in low orbits must travel faster than satellites in higher orbits. 
7. In the model, the small ball and string become a pendulum. If suspended properly, the at-rest position for the pendulum is at the center of the large ball. When the small ball is pulled out and released, it swings back to the large ball. Although the real direction of gravity’s pull is down, the ball seems to move only in a horizontal direction. Actually, it is moving downward as well. A close examination of the pendulum reveals that as it is being pulled outward, the small ball is also being raised higher off the floor.  
8. The validity of the model breaks down when students try orbiting at different distances from the large ball without adjusting the length of the string. To make the small ball orbit at a higher altitude without lengthening the string, the ball has to orbit faster than a ball in a lower orbit. This is the opposite of what happens with real satellites.
9. Animations about this motion can be found at:
a. http://csep10.phys.utk.edu/astr161/lect/solarsys/revolution.html
b. http://www.educypedia.be/education/spacejava.htm
10. To make the connection of how gravitational force effects tides, watch Nova Online: Sinking City of Venice What Causes the Tides: http://www.pbs.org/wgbh/nova/venice/tides.html
11. To explore the difference between spring tides and neap tides: http://www.classzone.com/books/earth_science/terc/navigation/chapter24.cfm
12. http://www.valdosta.edu/~cbarnbau/astro_demos/frameset_tides.html
13. Read and discuss as a class the article “Around the world” (see attached)
14. Summarize in your notebooks the effects gravitational force has on tides and planetary orbits.

Extend:
1. NOTE:  This has been adapted from the student activity “The Inclined Pendulum” published by NASA and can be downloaded in the original format at: http://genesismission.jpl.nasa.gov/gm2/multimedia/webcasts/PDFs/TGWEBkeplerslaws.pdf
2. There is some advance preparation for this activity. The teacher should obtain enough plywood and metal rings for each student group. The rings can be mounted on the plywood with a couple of industrial staples or heavy-duty tape. 
3. Before distributing the student activity, demonstrate how the inclined pendulum can be used to model a decrease in gravity. Set the apparatus onto a book and demonstrate how to roll the marble. Place the marble on the inside of the ring and release. Students should practice counting the number of times the marble swings in 10 seconds. Repeat this several times so the students determine the best way to count swings. One way might be to count the number of times it passes by a mark on the wood by the bottom of the ring. Emphasize how it is important for the students to release the marble from the same point for each trial. Explain to students that after completing three trials for one book, they should add a second book under the apparatus and repeat. Tell students that this simulates an increase in gravity. 
4. Distribute the Student Activity “The Inclined Pendulum” (see attached).  Students should follow the procedure, fill in the data table, and make a graph showing their results. 
5. Suggested answers for student questions 8-9. 
· Based on your results, how does the amount of gravity affect the velocity of the marble? (Students may state that the more books that are used, the more swings the marble makes in 10 seconds. Therefore, an increase in the gravity results in faster marbles.) 

· In what ways does this compare with planets orbiting the sun? (According to Newton’s Law of Gravitation, masses at greater separations have less gravitational force than those closer together. Therefore, planets that are farther from the sun have more gravity than those that are closer.) (According to Newton’s Law of Gravitation, masses at greater separations have less gravitational force than those closer together. Therefore planets that are farther from the sun have less gravity than those that are closer.) 
· Questions 10 and 11 on the student activity refer to the table of mean orbital velocities. Students should make the connection that more distant planets travel around the sun more slowly than those that are closer to the sun. Suggested answers for procedures 10-11 are below. 
6. Have a class discussion around the following: 
a. Based on the mean orbital velocity and the mean distance from the sun, describe the relationship between the distance from the sun and the orbital velocity. (Students should suggest that based on this data table, the farther the planet is from the sun, the slower its orbital velocity.)
b. Describe Kepler’s Third Law of Planetary Motion in your own words. (Answers will vary, but students should suggest that the more distance from the planet to the sun, the slower the planet moves.)
Additional Resources:
1. NASA Jet Propulsion Laboratory: Welcome to the Planets - http://pds.jpl.nasa.gov/planets/welcome.htm
2. Amazing Space  - http://amazing-space.stsci.edu/ 

3. Earth Science World - http://www.earthscienceworld.org/index.html 

4. Views of the Solar System - http://solarviews.com/
5. San Francisco Exploratorium: Space Weather Research Explorer - http://www.exploratorium.edu/spaceweather/index.html 
6. National Aeronautic and Space Administration (NASA) Earth Observatory - http://Earthobservatory.nasa.gov/ 
7. The Planetary Society: http://www.planetary.org/ 
8. http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Microgravity_in_the_Classroom.html
Extracted from “Microgravity” published by NASA and can be downloaded in the original format at: http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Around_the_World.html  
[image: image5.emf]Around The World
[image: image6.emf]A microgravity environment is created by letting things fall freely. NASA uses airplanes, drop towers, and small rockets to create a microgravity environment lasting a few seconds to several minutes. Eventually, freefall has to come to an end because Earth gets in the way. When scientists want to conduct experiments lasting days, weeks, months, or even years, it is necessary to travel into space and orbit Earth. Having more time available for experiments means that slower processes and more subtle effects can be investigated.

[image: image7.emf]To see how it is possible to establish microgravity conditions for long periods of time, it is first necessary to understand what keeps a spacecraft in orbit. Ask just about anybody what keeps satellites and Space Shuttles in orbit and you will probably hear, “There is no gravity in space.” This is simply not true. Gravity is what keeps a satellite or Space Shuttle from drifting into space. It does this by bending an orbiting object’s path into a circular shape. To explain how this works, we can use an example presented by English scientist Sir Isaac Newton. In a book he wrote in 1673, Philosophiae Naturalis Principia Mathematica (Mathematical Principles of Natural Philosophy),

Newton explained how a satellite could orbit Earth.  

Newton envisioned a very tall mountain on Earth whose peak extended above Earth’s atmosphere. This was to eliminate friction with Earth’s atmosphere. Newton then imagined a cannon at the top of that mountain firing cannonballs parallel to the ground. As each cannonball was fired, it was acted upon by two forces. One force, due to the explosion of the black powder, propelled the cannonball straight outward. If no other force were to act on the cannonball, the shot would travel in a [image: image8.emf]straight line and at a constant velocity. But Newton knew that a second force would also act on the cannonball: Earth’s gravity would cause the path of the cannonball to bend into an arc ending at Earth’s surface.

Newton demonstrated how additional cannonballs would travel farther from the mountain if the cannon were loaded with more black powder each time it was fired. With each shot, the path would lengthen and soon the cannonballs would disappear over the horizon. Eventually, if a cannonball were fired with enough energy it would fall entirely around Earth and come back to its starting point. This would be one complete orbit of Earth. Provided no force other than gravity interfered with the cannonball’s motion, it would continue circling Earth in that orbit.

In essence, this is how the Space Shuttle stays in orbit. The Shuttle is launched on a path that arcs above Earth so that the Orbiter is traveling parallel to the ground at the right speed. For example, if the Shuttle climbs to a 1 60-kilometer-high orbit, it must travel at a speed of about 28,300 kilometers per hour to achieve an orbit. At that speed and altitude, the Shuttle’s falling path will be parallel to the curvature of Earth. Because the Space Shuttle is freefalling around Earth, a microgravity environment is created that will last as long as the Shuttle remains in orbit.
 The Inclined Pendulum

 STUDENT ACTIVITY

 BACKGROUND INFORMATION 
In this activity you will learn about Kepler’s Third Law of Planetary Motion. This activity demonstrates the relationship between velocity and increased gravitational pull. 

PROCEDURE 
1. Obtain the materials for this activity. 

2. Place one book under the apparatus. Place a marble inside the ring and practice letting it roll back and forth in an arc. 

3. Practice counting the number of times the marble swings across in 10 seconds. 

4. Once you have practiced, place the marble in a marked spot and count the number of swings in 10 seconds. Repeat this two more times. Make sure to release the marble from the same place. Record this information in your data table. 

5. Add one more book to the bottom of the apparatus. Repeat step 4. Adding books simulates increased gravity. 

6. Repeat step 4 using three, then four, and finally five books. 

RESULTS

	Number of Books
	Trial 1
	Trial 2
	Trial 3
	Average

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	


7.  On a sheet of graph paper, make a graph that shows the average number of swings per 10 seconds versus the number of books used. 

8.  Based on your results, how does the amount of gravity affect the velocity of the marble? 

9. In what ways does this compare with planets orbiting the sun?

For the next question, refer to the mean orbit velocity table below:

	Planet 
	Mercury 
	Venus 
	Earth 
	Mars 
	Jupiter 
	Saturn 
	Uranus 
	Neptune 
	Pluto 

	Mean Orbit Velocity (km/s) 
	47.87 
	35.02 
	29.79 
	24.13 
	13.07 
	9.67 
	6.84 
	5.48 
	4.75 

	Mean Distance to the sun (AU) 
	0.39 
	0.72 
	1.00 
	1.52 
	5.20 
	9.54 
	19.19 
	30.07 
	39.48 


NOTE:  Students may not know the definition of an astronomical unit (AU). Encourage interested students to use a glossary to find the definition. 

10. Based on the mean orbital velocity and the mean distance from the sun, describe the relationship between the distance from the sun and the orbital velocity. 
11. You have learned about the concepts involved with Kepler’s Third Law of Planetary Motion. Based on what you have learned in these activities, describe Kepler’s Third Law in your own words. 

Standard 8-4: The student will demonstrate an understanding of the characteristics, structure, and predictable motions of celestial bodies. (Earth Science)





Indicator 8-4.7:  Explain the effects of gravity on tides and planetary orbits.





Other indicators addressed:  


Indicator 8-1.2:  Recognize the importance of a systematic process for safely and accurately conducting investigations.





Indicator 8-1.7:  Use appropriate safety procedures when conducting investigations.
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