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Forces: Introduction to Gravity
I.  Pre-Test
[image: image1.wmf]Please take this pre-test before we learn anything more about gravity.  For each question, circle the correct answer and then support or explain your answer.
1.  
The force of gravity (weight) is the same for all things on Earth.
The downward acceleration due to gravity is the same for all things on Earth.

Provide evidence to support your answer / Explain your answer:
2.  
Earth exerts a gravity force on you. You exert AN EQUAL gravity force on the Earth.

Earth exerts a gravity force on you. You exert A MUCH SMALLER gravity force on the Earth.

Earth exerts a gravity force on you. You exert NO gravity force on the Earth.

Provide evidence to support your answer / Explain your answer:

3.  The gravity force that Earth exerts on you would be BIGGER if you were 2 miles above the surface.

The gravity force that Earth exerts on you would be 
SMALLER if you were 2 miles above the surface.
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The gravity force that Earth exerts on you would be THE SAME if you were 2 miles above the surface.

Provide evidence to support your answer / Explain your answer:

4.  
The sun exerts a gravity force on the Earth. Earth exerts AN EQUAL gravity force on the sun.

The sun exerts a gravity force on the Earth. Earth exerts A SMALLER gravity force on the sun.

The sun exerts a gravity force on the Earth. Earth exerts NO gravity force on the sun.

Provide evidence to support your answer / Explain your answer:

5.  
Gravity forces exist between any two objects that each have mass.

Gravity forces exist only between large objects with lots of mass.

Gravity forces only exist between 2 objects if at least one of them has lots of mass.
Provide evidence to support your answer / Explain your answer:
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6.  
Gravity forces are smaller for bigger objects
[image: image4.wmf]Gravity forces are larger for bigger objects

Force of gravity is not affected by the mass of objects.

Provide evidence to support your answer / Explain your answer:
[image: image5.wmf]II.  Background / Introduction

Please answer these questions as we go over them in class.

1.  What is “gravity”?
2.  What part of an object does gravity essentially act on?
3.  Will the force of gravity between two objects be equal for both objects?

4.  Will the acceleration due to gravity be the same for two objects exerting an equal gravity force on each other?

5.  Does gravity exist between all objects with mass?

Give five examples of pairs of objects that have gravity forces between them:
a.




b.




c.
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d.




e.

6.  What is the “universal gravitation” relationship (equation)?

7.  How is Fg (force of gravity) affected by the mass of the objects that are attracting each other?

8.  How Fg affected by the distance between objects that are attracting each other?

9.  In other parts of the universe, there are stars that are thousands of times bigger than the sun.  Why doesn’t the Earth get pulled toward them?
[image: image7.wmf]10.  There are gravity forces pulling you and your neighbor toward each other.  Why don’t you just fly toward each other and collide?
11.  Mr. Holland has a mass of 70 kg and the Fg of the Earth pulling on him is 700 N.  Use F=ma to figure out his acceleration toward the Earth.

12.  The Earth has a mass of 5,970,000,000,000,000,000,000,000 kg and the Fg of Mr. Holland pulling on it is 700 N.  Use F=ma to figure out the acceleration of the Earth toward Mr. Holland.
[image: image8.wmf]III.  Gravity Simulator

Please answer the questions as you experiment with the online gravity simulator.
Finding the Simulator

Go to www.google.com, search for “gravitation 3.8” and click on the top result.

Planetary System and Comet

1.  Select the “Plantery System and Comet” Setting and press “go.”

2.  Watch the planets orbit for a while.  Why do the planets move so much while the star does not move at all?

3.  Watch the comet.  Is the Fg between the sun and the comet greater when the comet is close to the star or far from the star?

How can you tell? 
4.  Press “stop” and “new” and then move some of the planets to different spots and then hit “go.”
Write down two interesting observations from this setup, and explain why each one happened.

	
	Observation
	Why it happened

	1.
	
	

	2.
	
	


Chaotic Planetary System
1.  Select the “Chaotic Planetary System” Setting and press “go.”

2.  Write down two interesting observations from this setup, and explain why each one happened.

	
	Observation
	Why it happened

	1.
	
	

	2.
	
	


Three Body Figure Eight
1.  Select the “Three-Body Figure Eight” Setting and press “go.”

2.  Why does the planet switch off orbiting around the two different stars like it does?
3.  Press “stop” and “new.”  Move the yellow star a little bit closer to the planet and hit “go.”  Describe what happens.

Why does this happen instead of the figure-eight motion you observed before?

[image: image9.wmf]4.   Press “stop” and “new.”  Move the green star about an inch to the right and hit “go.”  Try this several times.  Describe what happens.

Why does this happen instead of the figure-eight motion you observed before?

5.  Press “stop” and “new.”  Move the yellow star halfway toward the green star hit “go.”  Describe what happens.

Why does this happen instead of the figure-eight motion you observed before?
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Three Mutual Orbit
1.  Select the “Three Mutual Orbit” Setting and press “go.”

2.  Does each star seem to be affected by the gravity of the other two stars?  Yes or No
Describe an example to support your answer:

3.   Press “stop” and “new.”  Move the green star on top of the yellow star and hit “go.”  You now have one big star and one small star.  Describe what happens.

The Fg on each planet is exactly the same, but which star seems to be affected more by the Fg?

Use F = ma to explain why this is true.
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Four Mutual Orbit
1.  Select the “Four Mutual Orbit” Setting and press “go.”

2.  Click on the “lines” option.”  Watch the green object.  How does it move relative to the yellow object?

How does it move relative to the blue and purple objects?  
Explain why the green object moves the way that it does.
3.   Press “stop” and “new.”  Move the green star on top of the yellow star and hit “go.”  You now have one big object and two small objects.  Describe what happens.

Why does the large object move the way that it does?
Conclusions

Give two pieces of evidence from this simulator that support each of the following statements:

1.  Gravity forces get bigger as two objects get closer to each other.

A.







B.

2.  Gravity forces affect small objects more than large objects.
A.







B.
3.  There are gravity forces between all objects (hint: this page had several examples)
A.







B.
IV.  Using Microsoft Excel to Make Gravity Calculations
Computer programs are often very helpful in doing difficult or repetitive calculations for us.  Here, you will use the Microsoft Excel spreadsheet program to do difficult gravity calculations for you.
Making Your Practice Calculator
1.  Open Microsoft Excel and immediately save the file to your student account.  You will need it later.
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2.  You are going to be making a spreadsheet where you can 

enter numbers for a, b, and c and then have the spreadsheet 

use these numbers to do calculations.  Arrange your 

spreadsheet as seen in the example at right.
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3.  Enter these numbers for a, b, and c. 
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4.  Enter formulas that will do all of the different calculations.  Put these formulas

in the column that is shaded in the example at right.  Look at “Microsoft Excel Tips”
to help you figure out how to do formulas.

5.  Use a calculator to check all the answers that you get from your formulas.  Are they all correct?___  If they are correct, go on to #6.  If they are not correct, fix them.

6.  Now try the following sets of numbers and write down the results from your spreadsheet:
	Enter These…
	Your Results
	Enter These…
	Your Results
	Enter These…
	Your Results

	a = 5 

b = 10

c = 2


	a+b =

a-b =

axb =

a/b =

a2 =

axb/c2 =
	a = 100 

b = 10
c = 20

	a+b =

a-b =

axb =

a/b =

a2 =

axb/c2 =
	a = 50 

b = 2
c = 10

	a+b =

a-b =

axb =

a/b =

a2 =

axb/c2 =


7.  Have Mr. Holland come over and check your formulas.  Teacher initials___

Making Your Gravity Calculator

1.  Make your gravity calculator on the same sheet that has your practice calculator.

[image: image15.png]Force of Gravity

kg

kg
Nm°2/kg'2
meters



2.  Write the equation for Fg that we learned:
3.  Set up your spreadsheet so that you can enter numbers 
for m1 (mass of object 1) , m2 (mass of object 2), 
G (gravitation constant), and d (distance).  Include units as well, 
as shown in the example.

4.  Now add in a formula that calculate Fg and make a nice place 
for it, as in the example.  Format the cell to show 5 decimal places

and make the column 100 pixels wide.

5.  Enter 0.0000000000667 as the value for G.  This is a constant that NEVER changes. 
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m2 1000 kg
G 6.7E-1 Nm2/kg'2
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6.  Enter 5000 kg for m1, 1000 kg for m2, and 0.1 meters as the distance.  
Your Fg  should be 0.03335 N, as shown in the example at right.  

If it is, good!  If not, fix your formula.  
7.  Have Mr. Holland check your Fg calculator.  Teacher initials____

8.  Add in a section that will calculate acceleration values for object 1 and

object 2.  Format these cells to show 5 decimal places and include units for 

them.  If done right, these will give the values shown in the example at right.
If it does, great!  If not, fix your formulas.  

9.  Have Mr. Holland check your acceleration calculator.  Teacher initials____  

Congratulation!!  You can now find Fg and acceleration values for any two objects by entering 

in their masses and the distance between them!  

Using Your Gravity Calculator

1.  The surface of the Earth is about 6,378,100 meters from Earth’s CG.  The mass of the Earth is 5,970,000,000,000,000,000,000,000 kg (that’s 22 zeroes!).  Your mass can be found by taking your weight in lbs and dividing by 2.2.  Use your calculator to find the following (include units!):

Fg between you and the Earth:

Accyou toward Earth: 

AccEarth toward you:
Your acceleration toward the Earth should look familiar.  Where have you seen that before?

AccEarth toward you isn’t really 0, but it shows up as zero on this sheet.  Why?

2.  Find Fg, Accobject toward Earth and AccEarth toward object for the following objects on Earth’s surface:

	Object


	Mass of Object (kg)
	Fg between Earth and object
	Accobject toward Earth
	AccEarth toward object

	Elephant
	5000
	
	
	

	Ant
	0.5
	
	
	

	Blue Whale
	190,000
	
	
	

	Sibley High
	4,000,000
	
	
	


 How is the Fg affected by the mass of the object?
How is the acceleration of the object toward Earth affected by the mass of the object?
3.  Find Fg, Accobject toward Earth and AccEarth toward object for the following objects on Earth’s surface:
	Object 1
	Mass (kg)
	Object 2
	Mass (kg)
	Dist (m)
	Fg
	Acc1 toward 2
	Acc2 toward 1

	You
	???
	Moon
	7 & 22 zeroes 
	38,500,000
	
	
	

	You
	???
	Sun
	2 & 30 z’s
	15 & 10 z’s
	
	
	

	You
	???
	GW Bush
	65
	0.01
	
	
	

	Elephant
	5000
	Whale
	190,000
	0.1
	
	
	

	You in orbit
	???
	Earth
	see above
	7,000,000
	
	
	

	You in space
	???
	Earth
	see above
	50,000,000
	
	
	

	You on Jupiter
	???
	Jupiter
	2 & 27 zeroes
	71,000,000
	
	
	

	You on moon
	???
	Moon
	7 & 22 zeroes
	1,700,000
	
	
	


Microsoft Excel Tips

- Typing words or numbers in cells (boxes): click on the cell and type in what you want.

- Formatting cells: select the cell you want to format and click on the bold or underline or italics button.  You can also use ctrl-B for bold, ctrl-U for underline and ctrl-I for italics.

- To enter formulas: click on the cell, type the = button and then enter the formula and hit enter.


After you have typed the = button, you can enter your formula…here are some tips…

- To add numbers in a formula: click on the cell that contains the first number to add then hit + then click on the cell that contains the second number to add.  You can add as many numbers as you want.

- To subtract numbers in a formula: same as for adding, but use the – instead of +

- To multiply numbers in a formula: use the * symbol to multiply

- To divide numbers in a formula: use the / symbol to divide

- To square a number in a formula: click on the cell that contains the number you want to square, then type ^2


Note: you can also do all of these math operations at once in a single formula!  

- To select the number of decimal places in a cell: go to “Format” and choose “cells.”  Under the “number” tab, choose “number” in the left hand column.  In the upper right, you can then select the number of decimal places you want 

- To adjust the width of columns, click on the border between columns at the top of the sheet (where the column letters are) and drag the columns to get bigger or smaller.

V.  Using Microsoft Excel to Make Gravity Calculations
http://www.youtube.com/watch?v=sSclxDWFQQo
