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Lesson Title:  
Acceleration of Gravity

Created by: 
Doug Jenkins

Subject Area: 
Physics/Physical Science

Grade Level:  
High School

Unit Title:  

Mechanics

Lesson Abstract:  Students will compare gravity from three different perspectives; the earth's surface, just above the earth's surface, and from space.  They will gain an understanding of surface acceleration ‘g’, the forces involved in orbital motion, and the forces involved in the attraction of two objects in space.  The lesson is written as a physics lab with a suggested adjustment  for physical science.

Michigan Educational Technology Standards Connection: 

Michigan Educational Technology Standards, Grades 9-12, January 2006
III. Technology Productivity Tools

8. Use a variety of applications to plan, create, and edit a multimedia product

VI. Technology Problem-Solving and Decision-Making Tools

1. Use a variety of technological resources for problem solving and independent learning
Michigan Grade Level Content Expectations Connection:
High School Science Draft Expectations, May 2006


P3.4D Identify the forces acting on objects moving with uniform circular 

motion


P3.6B Predict how the gravitational forces between objects changes when 

the distance between them changes

Michigan Curriculum Framework Connection:

Michigan Curriculum Framework, 1996


Motion of Objects, PMO IV. 3.3



Describe the non-contact forces exerted by magnets, electrically 


charged objects, and gravity.

Estimated time required to complete lesson or unit:

Daily estimate: 35 minutes

Number of days: 2 

Instructional resources:

Simulation of free fall near the surface of the earth

http://www.fearofphysics.com/Fall/fall.html
Simulation of orbital motion at the surface of the earth

http://galileo.phys.virginia.edu/classes/109N/more_stuff/Applets/newt/newtmtn.html
Simulation of gravity on a large and a small object in space

http://www.mcasco.com/p1aso.html
Prior required technology skills:

-Basic spreadsheet skills including data entry 

-Basic spreadsheet skills including chart creation from two columns of numbers

Sequence of Activities:

We will look at gravity at the earth's surface, orbiting just above the surface, and in free space.  For each of these three settings, students will view a simulation, perform a calculation, and graph motion within the three settings using a spreadsheet.  If using in a physical science class, the middle calculation portion of each handout can be omitted or edited out.  This would still give physical science students a background in the simulations and graphing work for each of the three settings.
The handouts on the following two pages are simply examples that can be customized for a given physical science or physics class.  Begin with the pre-test and by teaching or reviewing the three settings and their given variables and relationships in the table below.  Make sure to cover force of gravity as a vector force, and discuss in terms of centripetal force in the II. Orbit Just Above the Surface setting.  Discuss the validity of the centripetal “force” (gravity) and the fictitious centrifugal force which is simply a result of an object’s motion and not an actual force:

	I. Earth's Surface
	II. Just above Surface
	III. In Free Space

	Free fall w/ 

g=-9.8 m/s2
	Free fall w/ 

g=-9.8 m/s2
	Two object gravity w/

G=6.67x10-11 Nm2/kg2

	Vi = initial velocity

Vf = final velocity

t = time spent falling
	r=earth's radius

m = mass of object

Me = mass of earth

G=6.67x10-11 Nm2/kg2

v = orbital velocity of object
	r=radius between objects

m = mass of 1st object

M=mass of 2nd object

a = instantaneous acceleration

	a = Vi – Vf

      t 
	F=ma= mv2 = GmMe

                       r                r2
	F=ma = GmM

                                 r2


The handouts as written are targeted at a standard 11th or 12th grade physics student.  They should have basic computational skills for doing the problems and basic spreadsheet skills for plotting the velocity and acceleration curves.  The instructions to the students below give the step-by-step instructions for finding the slope using a Microsoft Excel chart, as this lesson does not assume students have done this task before.
If available, email or post the handout electronically to help students with long web addresses and to save them time typing in spreadsheet data.  Students could also return the work electronically in the form of a word processing or spreadsheet document as shown in the solution key on pages 7-9 below.
Acceleration of Gravity
Student Lab Handout

Physics

Objective: Compare gravity from three different perspectives; free fall at earth's surface, orbit at the earth's surface, and from space.  

Part I. Falling near the earth's surface

1. Go to the website http://www.fearofphysics.com/Fall/fall.html and use the “Try It” section to drop a tennis ball.  Change the object from which you are dropping the ball to each of the different settings and observe the time it takes for the object to fall.  Record below the time it takes for the ball to fall from the Empire State Building, Golden Gate Bridge, Statue of Liberty, and a Table.

Empire State_____, Golden Gate______, Statue of Liberty_____, Table_______
2. A ball is seen falling in air at –6.0 m/s and two seconds later is seen to be falling at -25 m/s. What is the acceleration of gravity acting on the ball?  Show your calculations below.  Why is the answer less than the -9.8 m/s given for free fall?

3. Given the following experimental data, calculate the acceleration for a falling object in air by finding the slope of the velocity curve.  In Excel, plot velocity versus time curve using an x-y scatter graph.  Once you have completed the graph, add it to your spreadsheet and then click on it.  Go to chart and add a trendline.  On the Type tab choose Linear.  On the Options tab choose Display equation on chart.  The slope given in that equation will be the velocity calculated in #2 above.  Print your chart and attach to this sheet.


Time, s
Velocity, m/s


   0

     0


   1
          -9.5 



   2
          -19 

   3
          -28..5 
 
   4
          -38 

   5
          -47.5 
 
   6
          -57 

   7
          -66.5 
 
   8
          -76 
Part II. Orbit at the earth's surface
1. Go to the website

http://galileo.phys.virginia.edu/classes/109N/more_stuff/Applets/newt/newtmtn.html
and hit the fire button.  The given initial velocity of 10,000 miles/hour is not 
enough to put the ball into orbit.  Adjust the initial velocity until the ball orbits 
and hits the person throwing it (if you have speakers you'll hear the person yell when hit).  Record the velocity that best traces a perfect orbit around the earth and still hits the thrower.  Is outward centrifugal “Force” really a force or simply a result of motion?   Vorbit=_____
2. Find the velocity in meters/second at which an object would orbit at the surface of the earth.  Assume no friction and that the earth's mass is 5.97 x 1024 kg, it's radius is 6.38 x 106 meters, and G=6.67x10-11 Nm2/kg2.  Show your work below.

3. An object orbiting near the earth's surface is seen to be moving forward as given by the data below.  Plot the distance versus time using an x-y scatter graph.  Once you have completed the graph, add it to your spreadsheet and then click on it.  Go to chart and add a trendline.  On the Type tab choose Linear.  On the Options tab choose Display equation on chart.  The slope given in that equation will be velocity.  Print your chart and attach to this sheet.  

Time, s
Distance, m


   1 

  7900


   2
          15,800 


   3               23,700


   4
          31,600

 
   5
          39,500


   6
          47,400


   7 
          55,300


   8
          63,200 


   9               71,100
III. Gravity in Free Space

1. Visit the web site: http://www.mcasco.com/p1aso.html.  Click anywhere on the grid to add an object.  Do not click again to add initial velocity, instead click the “action” button in the upper left of the screen.  Record in the space below the action of the smaller object and comment if the force of gravity increases or decreases as it gets closer to the larger.  Next, click the reset button in the upper right and click to create another object.  This time give it velocity perpendicular to the expected path of travel.  Try to set initial conditions so the smaller object will orbit around the larger.

2. As astronaut in free space uses the gravity of her ship to drift back to it.  Given that G=6.67x10-11 Nm2/kg2, find her rate of acceleration when she is 10 m away.  The mass of the ship is 7.5 x 1011 kg.  

3. The same astronaut makes progress toward her ship as given by the below data.  Plot velocity versus time using an x-y scatter graph.  Once you have completed the graph, add it to your spreadsheet and then click on it.  Go to chart and add a trendline.  On the Type tab choose Linear.  On the Options tab choose Display equation on chart.  The slope given in that equation will be the astronaut's acceleration.  Print your chart and attach to this sheet.  Assume that the ship is very large in radius and mass compared to the astronaut.


Time, s

Velocity, m/s


     0

       

0


   .500
   
      .250


   1.00          
      .500


   1.50                        .750


   2.00                        1.00

 
   2.50                        1.25


   3.00

      1.50  
Acceleration of Gravity Solution Key
Student Lab Handout

Physics

Objective: Compare gravity from three different perspectives; free fall at earth's surface, orbit at the earth's surface, and from space.  

Part I. Falling near the earth's surface

1. Go to the website http://www.fearofphysics.com/Fall/fall.html and use the “Try It” section to drop a tennis ball.  Change the object from which you are dropping the ball to each of the different settings and observe the time it takes for the object to fall.  Record below the time it takes for the ball to fall from the Empire State Building, Golden Gate Bridge, Statue of Liberty, and a Table.

Empire State_9.4s_, Golden Gate__6.8s_, Statue of Liberty__3.0s___, Table__.45s__
2. A ball is seen falling in air at –6.0 m/s and two seconds later is seen to be falling at -25 m/s. What is the acceleration of gravity acting on the ball?  Show your calculations below.  Why is the answer less than the -9.8 m/s given for free fall?

Ans: 9.4 m/s, less than g because falling in air
3. Given the following experimental data, calculate the acceleration for a falling object in air by finding the slope of the velocity curve.  In Excel, plot velocity versus time curve using an x-y scatter graph.  Once you have completed the graph, add it to your spreadsheet and then click on it.  Go to chart and add a trendline.  On the Type tab choose Linear.  On the Options tab choose Display equation on chart.  The slope given in that equation will be the acceleration calculated in #2 above.  Print your chart and attach to this sheet.
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Time, s
Velocity, m/s


   0

     0





   1
          -9.5 

   2
          -19 

   3
          -28.5
 
   4
          -38 

   5
          -47.5
 
   6
          -57 

   7
          -66.5 
 
   8
          -76 
Part II. Orbit at the earth's surface-Solution Key
1. Go to the website

http://galileo.phys.virginia.edu/classes/109N/more_stuff/Applets/newt/newtmtn.html
and hit the fire button.  The given initial velocity of 10,000 miles/hour is not 
enough to put the ball into orbit.  Adjust the initial velocity until the ball orbits 
and hits the person throwing it (if you have speakers you'll hear the person yell when hit).  Record the velocity that best traces a perfect orbit around the earth and still hits the thrower.  Is outward centrifugal “Force” really a force or simply a result of motion?   
Vorbit=___ about 16140 mi/hr_______  “The inward centripetal force of gravity is a real force, the outward centrifugal force is simply a result of the motion of the object around the earth.”
2. Find the velocity in meters/second at which an object would orbit at the surface of the earth.  Assume no friction and that the earth's mass is 5.97 x 1024 kg, it's radius is 6.38 x 106 meters, and G=6.67x10-11 Nm2/kg2.  Show your work below.

Vorbit=___ 7.9 x 104  m/s_______
3. An object orbiting near the earth's surface is seen to be moving forward as given by the data below.  Plot the distance versus time using an x-y scatter graph.  Once you have completed the graph, add it to your spreadsheet and then click on it.  Go to chart and add a trendline.  On the Type tab choose Linear.  On the Options tab choose Display equation on chart.  The slope given in that equation will be velocity.  Print your chart and attach to this sheet.
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Time, s
Distance, m


   1 

  7900


   2
          15,800 


   3               23,700


   4
          31,600

 
   5
          39,500


   6
          47,400


   7 
          55,300


   8
          63,200 


   9               71,100
III. Gravity in Free Space-Solution Key
1. Visit the web site: http://www.mcasco.com/p1aso.html.  Click anywhere on the grid to add an object.  Do not click again to add initial velocity, instead click the “action” button in the upper left of the screen.  Record in the space below the action of the smaller object and comment if the force of gravity increases or decreases as it gets closer to the larger.  Next, click the reset button in the upper right and click to create another object.  This time give it velocity perpendicular to the expected path of travel.  Try to set initial conditions so the smaller object will orbit around the larger.

Ans: Smaller object accelerates toward the larger and the force of gravity increases as they get closer.
2. As astronaut in free space uses the gravity of her ship to drift back to it.  Given that G=6.67x10-11 Nm2/kg2, find her rate of acceleration when she is 10 m away.  The mass of the ship is 7.5 x 1011 kg.  

Ans: a=.5 m/s2
3. The same astronaut makes progress toward her ship as given by the below data.  Plot velocity versus time using an x-y scatter graph.  Once you have completed the graph, add it to your spreadsheet and then click on it.  Go to chart and add a trendline.  On the Type tab choose Linear.  On the Options tab choose Display equation on chart.  The slope given in that equation will be the astronaut's acceleration.  Print your chart and attach to this sheet.  Assume that the ship is very large in radius and mass compared to the astronaut.
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Time, s

Velocity, m/s


     0

       

0


   .500
   
      .250


   1.00          
      .500


   1.50                        .750


   2.00                        1.00

 
   2.50                        1.25


   3.00

      1.50 
Assessments:

· Pre-Assessment:

1. Which produce larger gravitational fields, larger or smaller bodies in space? 

Ans: larger
2. Do very small bodies, an atom for instance, produce gravitational fields? 


Ans: yes
3. Name an object that does not produce a gravitational field?


Ans: all objects with mass produce gravitational fields
· Post-Assessment:

1. Give a factor that decreases the actual acceleration of an object falling near the surface of the earth.  Ans: air friction
2. Give two reasons that orbiting an object at the surface of the earth is not realistic.

Ans: air friction will diminish velocity over time, objects in the way, high velocity difficult to attain
3. Discuss how realistic it is to use gravity to return to a small spaceship with a mass closer to that of a space shuttle (about 3 x 103 kg).
Ans: mass is so small relative to G that acceleration would be negligible-astronaut would run out of air before getting a short distance
Technology (hardware/software):

Lab with Internet connection and spreadsheet software.  The above instructions for finding slope of a curve above written specifically for Microsoft Excel.

Key Vocabulary:
Acceleration: Rate of change of velocity. It is a vector quantity with dimension length/time².
Free Fall: Falling under the influence of gravity near the surface of the earth in a vacuum 

Free Space: Assumed vacuum in space away from the influence of earth's (or other celestial body) gravity

Orbit: Circling an object such as the earth at a velocity sufficiently large enough to maintain a fixed distance from that object.

Application Beyond School:
“Weightlessness” in Roller Coasters, Elevators, and during Airline Turbulence
Teacher Reflection and Notes:
�Ans=-9.5m/s2





�Ans=7900 m/s





�Ans=.5 m/s2
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