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Directions: Complete the table below using your knowledge of scientific notation.
	Object
	Whole Number (AU)
	Scientific Notation (AU)

	Diameter of the solar system
	14,960,000,000,000
	1.49 x 1013

	Length of all humans head to foot
	0.0728
	7.28 x 10-2

	Distance light travels in one second
	0.002
	2.00 x 10-3

	Height of Mt. Everest
	0.000000059
	5.92 x 10-8

	Length of a hot dog
	1.00E-12
	1.00 x 10-12



	Object
	Whole Number (m)
	Scientific Notation (m)

	Diameter of Earth’s orbit
	299,200,000,000
	2.99 x 1011

	Diameter of our Sun
	1,391,980,000
	1.39 x 109

	Diameter of Earth
	12,756,000
	1.28 x 107

	Width of Genesis Capsule
	1.52
	1.52 x 100

	Distance between gold atoms
	0.000000000283
	2.83 x 10-10


	Object
	Whole Number (Å)
	Scientific Notation (Å)

	Diameter of Jupiter’s orbit
	1.56E+22
	1.56 x 1022

	Size of a pencil eraser
	60,000,000
	6.00 x 107

	Width of human hair
	600,000
	6.00 x 105

	Width of bacterium
	10,000
	1.00 x 104

	Wavelength of an X-Ray
	0.1
	1.00 x 10-1










Investigating Gravity

Simulation 1: Gravity Force Lab

Task: Find the relationship between force of gravity and distance.

1. Start with the masses set at equal mass.
2. Set the masses 10 m apart.
3. Record the force of gravity and the distance.
4. Move the masses closer and record the new force.  Do not change the masses!
5. Complete data table below.
6. Graph using Excel and sketch the graph below.

	Distance (m)
	Gravity (N)

	10
	.00000000027

	9
	.00000000033

	8
	.00000000042

	7
	.00000000055

	6
	.00000000074

	5
	.00000000107

	4
	.00000000167

	3
	.00000000296








What is the relationship between distance and the force of gravity?

The force of gravity is inversely proportional to the square of the distance of the two masses.

Task: Find the relationship between force of gravity and mass.

1. Click Reset All.
2. Set Mass 1 to 5 kg and Mass 2 to 0.5 kg.
3. Record the force of gravity.
4. Increase Mass 2 to 1, 2.5, 5, 10, 50, 75, and 100 kg.  Record in data table.
5. Graph using Excel and sketch the graph below.

	Mass of second object (kg)
	Gravity (N)

	0.5
	.00000000001

	1
	.00000000002

	2.5
	.00000000005

	5
	.00000000010

	10
	.00000000021

	50
	.00000000104

	75
	.00000000156

	100
	.00000000208








What is the relationship between mass and the force of gravity?

The greater the mass, the greater the force of gravity.

Using the information you just collected, infer what the formula is for the Law of Universal Gravitation.

F ~ M / r2




Simulation 2: My Solar System

Task: Analyze data regarding the motion of comets, planets, and moons to find general patterns of orbital motion.

1. Move the slider all the way to accurate.
2. Click on the tape measure and the grid.
3. Click 4 for number of bodies.
4. Run the simulation until the purple planet (body 2) has made one complete orbit (one year).  Click stop when it reaches one year.
5. After the first orbit, turn off the traces and watch another orbit.
6. Is blue moon (body 3) circling the yellow sun (body 1) or the purple planet (body 2)?  Explain your answer. 

The blue moon is circling the purple planet.  The purple planet is circling the yellow sun while the blue moon circles the purple planet.

7. Stop and Reset.
8. Increase the mass of the sun (body 1) to 400 and allow the simulation to run for several orbits of the purple planet (body 2).
9. Decrease the mass of the sun (body 1) to 175 and allow the simulation to run for several orbits of the purple planet (body 2). 
10. How do the orbits of the planets change when the mass of the sun is increased or decreased?  Why?  Explain your answer.
When the mass of the sun is increased, the purple planet orbits closer to the sun.  The blue moon continues to orbit around the purple planet until it becomes to close and is destroyed.  The green planet orbits in an elliptical orbit closest to the sun at first.  However, the orbit then changes and crosses the path of the purple planet’s orbit and eventually the green planet is destroyed.  The purple planet’s path never changes.
When the mass of the sun is decreased, the purple planet orbits much further away from the Sun.  The blue moon continuously orbits around the purple planet, changing its path as the years pass.
11. Why does the sun (body 1) follow a circular path?  How does the path change as its mass changes?  Why? Explain your answer.
The sun is moving due to the gravitational forces of the other planets.  The circular path is inversely proportional to the mass.  If the mass of the sun is large, the path is small.  If the mass of the sun is small, the path is large.
12. Choose the preset for Sun and Planet from the pull-down menu.

13. Complete the data table below by changing the mass as shown and recording the length of the year in seconds, and also measuring the distance from the planet to the sun at the closest point (perihelion) and farthest point (aphelion). (Make sure slider is set to most accurate)
	Mass of Sun (body 1)
	Mass of Planet    (body 2)
	Time of One Orbit (planetary year)
	Closest Distance to Sun (perihelion)
	Farthest Distance to Sun (aphelion)

	200
	10
	8.1
	130
	157

	400
	10
	3.1
	45
	150

	600
	10
	2.1
	29
	150

	800
	10
	1.8
	19
	150

	1000
	10
	1.5
	14
	150

	150
	10
	16.7
	146
	275

	200
	1
	8.7
	142
	176

	200
	20
	7.4
	119
	119

	200
	50
	5.9
	59
	159

	200
	100
	4.5
	1
	72

	200
	200
	3.3
	53
	159



14. When is the planet moving fastest?  Why? 

When the mass of the sun is the largest, the planet is moving the fastest.  The greater the mass, the greater the force of gravity.  The planet orbits closer and faster to the sun.

15. What makes the length of the year increase and decrease?  Why?

The mass of the sun changes the length of the year.  The lower the mass, the longer the year.  The greater the distance between the mass of the two objects, the longer the year.  This is because the force of gravity is inversely proportional to the distance squared.  The larger the distance, the less the force of gravity, which causes a slower orbit and a longer year.  If the distance between the two objects is smaller or if the mass of the sun is great, the year will be much shorter.

16. A planet in a circular orbit would always be the same distance from the sun.  What do you notice about orbits with the shortest years?  Why?

The shorter the year, the greater the ellipse.  The greater the gravity is between the two objects (sun and planet), the greater the ellipse. 

17. Choose the ellipses preset from the pull-down menu.
18. You may move the slider bar about 2/3 of the way towards fast for this simulation.
19. Run the simulation until the green planet (body 4) returns to its starting point (one planetary year)

	Planet
	Time of One Orbit     (planetary year)
	Closest Distance to Sun (perihelion)
	Farthest Distance to Sun   (aphelion)

	Purple Planet (body 2)
	2.2
	56
	83

	Blue Planet    (body 3)
	7.5
	56
	248

	Green Planet  (body 4)
	14.6
	56
	419



20. Change the y velocity of the blue planet (body 3) to 90 and the green planet (body 4) to 70.
21. Run the simulation again until the green planet (body 4) returns to its starting point (one planetary year)
	Planet
	Time of One Orbit     (planetary year)
	Closest Distance to Sun (perihelion)
	Farthest Distance to Sun   (aphelion)

	Purple Planet (body 2)
	2.3
	53
	86

	Blue Planet    (body 3)
	12.1
	168
	250

	Green Planet  (body 4)
	26.8
	293
	421



22. How does the year of a planet closer to the sun compare with one that is farther away?  Why?
The closer a planet is to the sun, the faster the planetary year.  This is because when two objects are closer in distance, the force of gravity is stronger, which results in a shorter planetary year.
23. How can an orbit be made more circular?  Explain your answer.
The orbit can be made more circular by changing the velocity of the planet.  For example, when the planets were at the preset velocities, the orbit was more of an ellipse.  When the velocities were greater, the orbit was more circular.  The further the planet is from the sun when the orbit begins, the less the force of gravity, which makes more a more circular orbit.
24. In your own words describe what an orbit is and what factors affect the size, speed and time (period) of an orbit.
An orbit is the path an object takes directly surrounding another object.  An orbit is caused by gravity.  An object will orbit another object if the gravitational force is strong enough.  The stronger the force, the less time it will take for the orbiting object to complete its path.  The greater the mass of the object, the greater the gravitational force.  If the mass of the central object is great, the orbiting object will complete the orbit in less time than it would around an object with less mass.

RELATIONSHIP BETWEEN FORCE OF GRAVITY AND DISTANCE
Distance (m)	10.0	9.0	8.0	7.0	6.0	5.0	4.0	3.0	2.7E-10	3.3E-10	4.2E-10	5.5E-10	7.4E-10	1.07E-9	1.67E-9	2.96E-9	Gravity (N)	10.0	9.0	8.0	7.0	6.0	5.0	4.0	3.0	2.7E-10	3.3E-10	4.2E-10	5.5E-10	7.4E-10	1.07E-9	1.67E-9	2.96E-9	DISTANCE (m)
GRAVTIY (N)
RELATIONSHIP BETWEEN FORCE OF GRAVITY AND MASS
Mass of second object (kg)	0.5	1.0	2.5	5.0	10.0	50.0	75.0	100.0	1.0E-11	2.0E-11	5.0E-11	1.0E-10	2.1E-10	1.04E-9	1.56E-9	2.08E-9	Gravity (N)	0.5	1.0	2.5	5.0	10.0	50.0	75.0	100.0	1.0E-11	2.0E-11	5.0E-11	1.0E-10	2.1E-10	1.04E-9	1.56E-9	2.08E-9	MASS (kg)
GRAVITY (N)
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