
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

	8-4.6:  Explain how gravitational forces are influenced by mass and distance.
	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 and Inertia” from the video series: A Spin Around the Solar System: How the Solar System Works (2:01)  http://player.discoveryeducation.com/index.cfm?guidAssetId=AF010085-2A44-4115-BD5C-23656E3840F2
“Gravity in Space” (3:54) from the video series: Physical Science: Forces and Gravity  http://player.discoveryeducation.com/index.cfm?guidAssetId=A9A3C155-CC08-491E-B8F6-C66302DC1513
Additional Resources

http://brainbites.nasa.gov/#/frontside-540-on-moon
http://brainbites.nasa.gov/#/snowboarder-like-astronaut
http://brainbites.nasa.gov/#/big-air-on-moon
 “Round and Round They Go!”

http://starchild.gsfc.nasa.gov/docs/StarChild/teachers/orbiting.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/
The Planetary Society http://www.planetary.org/ 

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/ 

Microgravity in the Classroom

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

	See Science Module 8-4.6

	From the South Carolina Science Support Document:

The objective of this indicator is to explain how gravitational forces are influenced by mass and distance; therefore, the primary focus of assessment should be to construct a cause-and-effect model of objects varying these factors. However, appropriate assessments should also require students to interpret diagrams that show varying aspects of these factors; or infer how a change in one factor would change the force of gravity.


Eighth Grade

Science Module 

8-4.6
Astronomy: Earth and Space Systems
Lesson A

From the South Carolina Science Support Documents:

Indicator 8.4.6:  Explain how gravitational forces are influenced by mass and distance.

Taxonomy level: 

Understand Conceptual Knowledge (2.7-B)
Previous/Future knowledge: The pull of gravity and its effect on motion was introduced in 3rd grade (3-5.4). In 5th grade (5-5.1), students will identify gravity as a force that affects motion. High school Physical Science and Physics will continue the study of gravity as related to acceleration, projectile motion, and gravitational potential energy.

It is essential for students to know that the force of gravity is a pull between all objects in the universe. This force is influenced by the mass of the objects and the distance between them.

· A more massive object has the greater pull on the less massive objects; the Sun being most massive object in the solar system has the greatest pull on objects, like planets, in the solar system.

· The closer the distance between objects the greater the pull; the Moon has a greater effect on Earth’s tides than the Sun because it is closer to Earth.

· These two factors of gravitational force have numerous applications on motions of celestial bodies, for example the gravitational pull between the Sun and the planets and between Earth and its Moon cause distinct motions between and among these bodies (8-4.7).

It is not essential for students to know the inverse square law relationship of gravity to distance or mass. The concept of acceleration due to gravity is also not essential to the indicator.

Assessment Guidelines:

The objective of this indicator is to explain how gravitational forces are influenced by mass and distance; therefore, the primary focus of assessment should be to construct a cause-and-effect model of objects varying these factors. However, appropriate assessments should also require students to interpret diagrams that show varying aspects of these factors; or infer how a change in one factor would change the force of gravity.

Teaching Indicator 8-4.6:  Lesson A –“Gravitational Forces”
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 only exists on Earth.  (Surface gravity exists on all planets, although the extent of this force varies from planet to planet.)
· 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.)
· 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 2)


· Spheres of various sizes (ex. marble, golf ball)
· Flour
· Container to hold flour during experiment

· Ruler 

· Balance 
Focus Question:
How are gravitational forces affected by mass and distance?
Engage:

1. Watch the ETV Streamline SC segment “Gravity and Inertia” from the video series: A Spin Around the Solar System: How the Solar System Works (2:01) - http://player.discoveryeducation.com/index.cfm?guidAssetId=AF010085-2A44-4115-BD5C-23656E3840F2
2. Dialogue as a class about what you know about gravity and inertia.

Explore:
1. Craters are a great way to explain how gravitational forces are influenced by mass and distance. In South Carolina, we have many Carolina Bays that were created from impact of craters. There is a Carolina Bay in Snelling, South Carolina (Barnwell County) that groups can visit at Chem-Nuclear Systems. We are now going to look at how impact is affected by different distances and different masses.
2. Using the materials provided, design a controlled experiment to determine the impact mass and distance to the surface have on the force of the surface.  
a. How will data be collected accurately and consistently?
b. How can you be sure you follow a systematic process for safely and accurately conducting your investigation?
c. How might you record your procedures so the replication by others could be exact?
3. In your notebooks, record your predictions to what will happen to the flour when the same marble is dropped at different heights.
4. Students drop the same marble from different heights into flour and determine the diameter, depth and ejecta distance of the crater formed; be sure to record your data in your notebooks (be as accurate as possible with your measurements).
5. In your notebooks, record your predictions to what will happen to the flour when spheres of different masses are dropped at the same height.
6. Students then drop different size spheres into flour from the same height and determine the diameter, depth and ejecta distance of the crater formed; be sure to record your data in your notebooks (be as accurate as possible with your measurements; make sure you record the mass of each object dropped).
7. Based on the data collected, infer which variable causes the largest impact. 
8. Write a summarizing statement about the relationship between mass and distance to gravitational force.
Explain: 

Gravitation is the force of attraction that acts between all objects because of their mass. An object's mass is its amount of matter. Because of gravitation, an object that is near Earth falls toward the surface of the planet. An object that is already on the surface experiences a downward force due to gravitation. We experience this force on our bodies as our weight. Gravitation holds together the hot gases that make up the sun, and it keeps the planets in their orbits around the sun. Another term for gravitation is the force of gravity. 

People misunderstood gravitation for centuries. In the 300's B.C., the Greek philosopher and scientist Aristotle taught the incorrect idea that heavy objects fall faster than light objects. People accepted that idea until the early 1600's, when the Italian scientist Galileo corrected it. Galileo said that all objects fall with the same acceleration unless air resistance or some other force acts on them. An object's acceleration is the rate of change of its velocity (speed in a particular direction). Thus, a heavy object and a light object that are dropped from the same height will reach the ground at the same time but the impact or force they have on the surface when they land will be very different.  The greater the mass or the greater the distance, the greater the force will be on the landing surface.
1. Watch the ETV Streamline SC segment “Gravity in Space” (3:54) from the video series: Physical Science: Forces and Gravity - http://player.discoveryeducation.com/index.cfm?guidAssetId=A9A3C155-CC08-491E-B8F6-C66302DC1513
2. How is gravity important in space?

Extend:

http://brainbites.nasa.gov/#/frontside-540-on-moon
http://brainbites.nasa.gov/#/snowboarder-like-astronaut
http://brainbites.nasa.gov/#/big-air-on-moon
NOTE:  This has been extracted from the lesson “Round and Round They Go!” originally published by StarChild and can be downloaded at:http://starchild.gsfc.nasa.gov/docs/StarChild/teachers/orbiting.html
As you introduce students to the orbits of the planets around our Sun, it is important that they understand more than just the order based on distances. If you look at the amount of time it takes to complete one orbit, you might ask why the outer planets take so much longer than the inner planets. Is it just because they have so much further to go? Or is some other factor involved? This lesson investigates.
First, if you build a scale model of the solar system, you can take pieces of string and use them to represent the orbital paths of each of the eight planets. If you then stretch the strings out from a common point, you will see that indeed the outer planets have much farther to go in order to complete one revolution. However, this alone does not explain the orbital periods. There is something more to it. The following activity can provide students with a big clue as to what the something more is.
Materials Needed:

· Sturdy Plastic Drinking Straw (cut in half) 

· String -- 18-24 inches per person 

· Rubber Washers or Stoppers -- 2 per person 
Assemble your "solar system model" by tying the string to one of the washers, then running the string through the straw and tying that string end to the other washer, as shown below. 

[image: image1.png]



Begin with lots of room. Holding the straw and washer assembly upright, pull the string until the bottom washer rests against the bottom of the straw. Hold the straw with one hand with your arm fully extended in front of your body. By rapidly rotating the wrist of the extended arm, start spinning the string/washer assembly until the string is fully extended. Continue spinning the system at a constant rate as you use your other hand to pull slowly down on the bottom washer. What do you notice about the speed at which the spinning washer is traveling as the orbit it makes gets shorter and shorter?

Notes to Teacher:

· You need to get the spinning washer going at a quick, but steady rate before starting to pull the string. You will need to keep the spinning going as you pull until you reach a point that it will become "self-sustaining" -- then you don't have to worry about powering the spinning any more. Students may think that it is you making the washer orbit faster as its orbit radius gets smaller. Be sure to point out that it is not you. They will see this for themselves when they put their own "planets" into orbit. 

· Shorter string lengths produce a more manageable assembly for younger or smaller students. They can even spin their "planet" in a vertical circle if they can't maintain the horizontal circle. While the science is not as technically correct with a vertical circle, for younger students this may be the only way they can enjoy the experience independently. Make each of them describe what they feel in the hand that is holding the straw and also what they see as the orbital circle gets smaller. This will help to get them to focus on watching the orbiting washer and not watching their neighbors or closing their eyes! 

· Make a special effort to pull the string slowly enough that the washer can make complete orbits at each radius before you pull the string more. This is hard to do at larger orbits, but easy to do as the orbits get smaller. 

· Do not use objects that are hard and heavy. As students practice this activity, they will inevitably hit themselves with the orbiting object. So it needs to be something soft. However, it needs to have enough mass to be an effective orbiter, so choose carefully. 
Questions to Ask:

1. What does this have to do with planets orbiting the Sun? Point out that the planets more distant from the Sun have a longer orbital path AND move slower around that path than the planets closer to the Sun. Be sure students understand that there are 2 reasons the outer planets have such long orbital periods when compared to the inner planets. For the higher grades, you can investigate this mathematically in Question 2.

2. How does this help to answer the question of why Pluto takes so much longer than Neptune to orbit the Sun? Have the students calculate the orbital speed of Mercury and see how long it would take Pluto to make its orbit if it traveled at that speed. Then compare the time to how long it really takes Pluto to complete an orbit, and draw a conclusion. Do this for several other planets as well. Remember that you can calculate the average speed by dividing length of the orbital path by the time it takes to make one complete orbit. The orbital path (for this exercise, assume all orbits are circular) is simply 2 times pi times r, where r is the distance from the planet to the Sun. The necessary solar system data are given in a table at the end of this lesson.

3. To introduce Newton's Law of Gravitation, students can make a graph comparing the distance of each planet from the Sun with the planet's average speed in its orbit. Look at the graph. Clearly, the farther you are from the Sun, the slower you are going and the longer it takes to make an orbit. This is very similar to the behavior of a pendulum. The longer the swing arm, the longer it takes to make one swing. You can have your students investigate this concept using their string apparatus as a pendulum to see that only the length of the swing arm (not the amount of mass of the bob) affects the period of time it takes the bob to complete one swing). Isaac Newton was the first person to realize that there must be a connection between the period of a pendulum and the period of a planet orbit. He realized that the pendulum bob was attracted to Earth, which made it swing like it did, and that the Moon was similarly attracted to Earth with the result that it orbited like it did.

Go back to your straw and string apparatus. Holding onto the string (not the straw), swing the washer over your head. Do you feel it pull on your hand? Sir Isaac Newton realized that your hand must be pulling back on the string with equal force or else the washer would fly off into space. While he realized that no string connects the Moon and Earth, he imagined an invisible string called gravity which provides a pull just like the real string. He realized that the amount of the pull was dependent on the amount of matter in each object (in this case, the masses of the Earth and Moon) since it was clear from swinging the washer on a string that a larger washer weight required more pull. He also realized that the amount of pull depended on the distance between the objects, again just like you can feel with your string. As the distance between your hand and the washer gets smaller, it is much easier to sustain the orbit. Newton worked out the mathematics and found that the pull (which we now called the gravitational pull) can be expressed as

Fg = Gm1m2/r2.

In words, the pull exerted on one body by another equals Newton's Constant times the mass of the first body times the mass of the second body divided by the square of the distance between the centers of the two bodies. Notice that in this equation, there is no distinction between which body is doing the pulling. Think about what this means. The pull of the Earth on your body is exactly equal to the pull of your body on the Earth!

Newton's model of gravity is one of the most important scientific models in history. It applies not only to apples and Moons near Earth, but to stars and distant galaxies as well. The only time you don't use Newton's model for gravity is when you get a great deal of matter in a very small space. Under those circumstances, you have to switch to Albert Einstein's model of gravity. But that is another story. 

Solar System Data

	Object
	Mean Distance From Sun (km)
	Sidereal Orbital Period (days)

	Mercury
	57,910,000
	87.97

	Venus
	108,200,000
	224.70

	Earth
	149,600,000
	365.26

	Mars
	227,940,000
	686.98

	Jupiter
	778,300,000
	4332.71

	Saturn
	1,429,400,000
	10759.50

	Uranus
	2,870,990,000
	30685.00

	Neptune
	4,504,300,000
	60190.00


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





Indicator 8-4.6:  Explain how gravitational forces are influenced by mass and distance.





Other indicators addressed:  


Indicator 8-1.1:  Design a controlled scientific investigation.





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





Indicator 8-1.3:  Construct explanations and conclusions from interpretations of data obtained during a controlled scientific investigation.





Indicator 8-1.5:  Explain the importance of and requirements for replication of scientific investigations.





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