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Purpose:  Upon the completion of this lesson, the student will be able to describe and graph the relationship between the mass, gravity, and the height of a jump in order to define gravity as the force of attraction between two masses.  The students will be able to interpret gravity anomalies on Mars to predict a higher or lower mass of surface features based on the size of the anomaly. 

Background: Gravity is the force of attraction between two masses and gravity holds objects on the Earth and planets in orbit around the sun.  The force of gravity is defined by Newton’s law the F=mg. Although this equation is not directly used in the lesson, students will focus on gravity as it relates to mass.  Gravity anomalies are important in the study of both Earth and Mars.  Scientists look for small differences in surface gravity to learn more about the crust and the interior of the planet.

Student Background: Before this lesson, students should be familiar with general characteristics of the planets in our solar system.  This lesson is designed to be an introductory lesson for gravity, but it relies on a basic familiarity with the size of the planets.  To understand the extension piece, students should also have a basic understanding of Mars as the fourth planet from the sun. Mars is similar to Earth in land area, crustal composition, and surface features.  Humans have not traveled to Mars, but instead they learn about Mars through remote sensing technology

Preparation:  Students will need: a metric ruler, calculator (optional), and student data sheet and copies of the topographic and gravity anomaly data for Olympus Mons and Valles Marineris.  For this activity, students should work in cooperative groups of two to four students depending on class size.  This lesson should require 70 minutes.

Procedure: 

1) Student groups of two to four should record the height of their jumps on Earth and use the average to calculate and graph the height of their jump on other planets.

2) Students should continue to read about the definition of gravity and follow the directions to interpret the gravity anomalies on Mars.

3) Students should share their responses for their interpretation of the gravity anomalies and compare their findings to NASA interpretations.

State/National Education Standards:

National Benchmarks for Science Standards: By the end of eighth grade, students should know that:

3. Science and Technology, A. Technology and Science: Technology is essential to science for such purposes as access to outer space and other remote locations, sample collection and treatment, measurement, data collection and storage, computation, and communication of information.

.4. The Physical Setting, A: The Universe: Nine planets of very different size, composition, and surface features move around the sun in nearly circular orbits.  Some planets have a great variety of moons and even flat rings of rock and ice particles orbiting around them.  Some of these planets and moons show evidence of geologic activity. The earth is orbited by one moon, many artificial satellites, and debris. 

4. The Physical Setting, B: The Earth: Everything on or anywhere near the earth is pulled toward the earth's center by gravitational force. 

Maryland Core Learning Goals:

1.8.6 use appropriate instruments and metric units when making measurements and collecting data. (MLO 1.1.5)

5.8.3 distinguish between mass and weight.

5.8.6 explain that every object exerts gravitational force on every other object. (MLO 5.3)

Lesson Plan: (This lesson should require 70 minutes)

Engagement:  Students determine how high they can jump on Earth   (5 minutes)

Exploration:  Students calculate mathematically how high they can jump on other planets. (25 minutes)

Explanation:  Comparison of the mass of the planets and the height of their jump, and definition of gravity. (10 minutes)

Extension:  Analysis of gravity and topography data maps from Mars surface features (20 minutes)

Evaluation:  Individual student observation and review as a class their interpretations of the gravity maps and compare their findings to NASA interpretations. Students should be able to explain the definition of gravity.  (10 minutes)

Resources:

American Association for the Advancement of Science: Project  2061.  Benchmarks of Science Literacy.  1993. As Found at: http://www.project2061.org/tools/benchol/bolintro.htm
Gravity Anomolies and Shaded Relief Maps for Olympus Mons and Valles Marineris courtesy of the MOLA Science Team, NASA: Goddard Space Flight Center. 

Lemoine, F. G. “An improved solution of the gravity field of {Mars} ({GMM-2B}) from {Mars Global Surveyor}}.”, Journal of Geophysical Research.  2001.

Maryland State Content Standards: Science.  2000.  As found at: http://www.mdk12.org/mspp/standards/science/index.html
Planet Masses: DE200 constants from JPL's navigation team.  2001.

Project Pulsar. “How High Can You Jump on Another Planet?”  St. Louis Science Center.  Reprinted in: Fraknoi, Andrew.  The Universe at Your Fingertips: An Astronomy Activity and Resource Notebook.  San Francisco: Project Astro, Astronomical Society of the Pacific.  1995.

Gravity:  How Does the Mass of a Planet affect the Height of your Jump?

Problem:  How does the mass of a planet affect the height of your jump?

Independent Variable: _______________________________________________________________________

Dependent Variable: ________________________________________________________________________

Hypothesis: ____________________________________________________________________________________________________________________________________________________________________________________

Materials:  
metric ruler (meter stick)

calculator (optional)

Procedure:  

1) Have a partner hold the meter stick vertical to the ground with the zero end touching the ground.

2) Make a standing jump next to the meter stick and have your partner record the height of your jump.

3) Record the height of three different jumps.  Average the three jumps together to record your average jump on Earth.

4) Use the table below to calculate your average jump on other planets.

5) Complete the table by listing the planets and the height of your jump from the planet with the least mass to the planet with the greatest mass.

6) Create a bar graph comparing the planets in increasing order of mass to the height of your jump.

Results:

Calculation of Your Average Jump on Earth

Jump
Trial #1
Trial #2
Trial #3
Average Jump

Height (cm)





The Height of Your Jump on the Planets Based on the Mass of that Planet

Planet
Mass of the Planet

1023 kg
Average Height of Your Jump on Earth
Calculation for the Height of Jump
Height of Your Jump on the Planet

Mercury
 3.3

x 2.65


Venus
48.7

x 1.10


Earth
59.8

x 1


Mars
6.42

x 2.64


Jupiter
19000

x 0.39


Saturn
5690

x 0.94


Uranus
868

x 1.10


Neptune
1020

x 0.88


Pluto
0.129

x 13.2


Sun
19,900,000

x 0.04


Use the masses above to arrange the planets from the least massive to the most massive.  Record your order in the table below.  Write the height of your jump on each planet next to the name of each planet.

Planet
Height of Jump

1


2


3


4


5


6


7


8


9


10


 Use your data to create a bar graph comparing the mass of the planet to the height of your jump.  Use the list of the planets by mass to organize the planets on the x axis from least to greatest by mass  

The Effect of Mass on the Height of your Jump

















































































































































































































































































































































































































































































































































Planets in increasing order of mass

Analysis:  Answer the following questions using complete sentences.

1) What happened to the height of your jump as the mass of the planet increased? ________________________________________________________________________________________________________________________________________________________________________

2) Gravity is the force of attraction between two masses, for example, you and the Earth.  If a planet has a higher gravity, a person would not be able to jump as high.  Based on your jumping data which planet has the highest gravitational pull at the surface? ________________________________________________________________________________________________________________________________________________________________________

3) What happened to the gravity as the mass of the planet increased? ________________________________________________________________________________________________________________________________________________________________________

4) Based on the gravity alone, where would be easiest to launch a spacecraft? ________________________________________________________________________________________________________________________________________________________________________

5) Predict if gravity may depend on anything besides mass.  What else might affect gravity? ________________________________________________________________________________________________________________________________________________________________________

Gravity Variations on Mars

Most people think of gravity as a force that pulls people and things towards the ground.  That is true, however in science gravity has a much broader definition.  Gravity is the force of attraction between two masses. Gravity increases when mass increases, so the objects with more mass have more gravity.  The sun is largest body in our solar system, and it has the most mass.  Therefore, the sun also has the largest gravity of any body in our solar system. The average gravity of a planet is based on the mass of that planet.  In the lab, the height of your jump changed because of the different average masses on the planets.  Today, scientists have realized that although gravity is similar throughout a planet, there can be small differences in gravity from place to place.  Anomalies are places on a planet where the gravity of that place is slightly different from the average gravity of a planet.  On Mars, scientists have found gravity anomalies in areas where the surface crust on Mars has been changed over time like Olympus Mons, a giant volcano, or Valles Marineris, a large canyon.

1) Look at the gravity anomaly map for Olympus Mons.  A zero line shows where the gravity is similar to the average gravity on the planet.  The higher numbers show more gravity, and the lesser numbers show less gravity.  Where is the gravity anomaly the largest in this diagram? ____________________________________________________________________________________

2) Does this anomaly show that there is a higher or lower gravity on Olympus Mons? Why? ________________________________________________________________________________________________________________________________________________________________________

3) Compare the location of the gravity anomaly to the same position on the topographic map. Where on Olympus Mons is the largest gravity anomaly located? ____________________________________________________________________________________

4) Based on the gravity anomaly, would you predict there is a greater or lesser amount of mass at the top of Olympus Mons?  Why? ________________________________________________________________________________________________________________________________________________________________________

5) Look at the gravity anomaly map for Valles Marineris.  Where is the gravity anomaly the largest in this diagram? ____________________________________________________________________________________

6) Does this anomaly show that there is a higher or lower gravity on Valles Marineris? Why? ________________________________________________________________________________________________________________________________________________________________________

7) Compare the location of the gravity anomaly to the same position on the topographic map. Where on Valles Marineris is the largest gravity anomaly located? ____________________________________________________________________________________

8) Based on the gravity anomaly, would you predict there is a greater or lesser amount of mass at the bottom of Valles Marineris?  Why? ________________________________________________________________________________________________________________________________________________________________________

9) Predict why there is a difference between the masses of Olympus Mons and Valles Marineris on the surface of Mars. ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Conclusion: Communicate your findings in writing using complete sentences.  Remember to include the problem you were investigating, the results of your investigation, and the accuracy of your predictions. ______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Gravity:  How Does the Mass of a Planet affect the Height of your Jump? Teacher Key

Independent Variable: Mass

Dependent Variable: Depth

Planet
Height of Jump

1  Pluto


2  Mercury


3  Mars


4  Venus


5  Earth


6  Uranus


7  Neptune


8  Saturn


9  Jupiter


10 Sun


Graph:  Graph should show that the height of the jump decreases as the mass increases. The height of the jump decreases as the mass of the planet increases.

1) The height of the jump decreases as the mass of the planet increases.

2) The Sun has the highest gravity.

3) The gravity increases as the mass of the planet increases.

4) Based on the gravity alone, it would be easiest to launch a spacecraft from Pluto.

5) Individualized student response.  According to Newton’s law of gravity F= GMm/r2.  For that reason, gravity is affected by the planet’s radius.  For two planets that have the same mass, the planet with a smaller radius would have a larger gravity.  This is the reason that the trend in gravity does not exactly equal the decreasing mass of the planets.

Gravity Variations on Mars 

1) The gravity anomaly is largest in the center of the diagram inside of the circle labeled 2500 mgals.

2) The anomaly shows a higher gravity on Olympus Mons, because it is a positive number.

3) The gravity anomaly is largest at the top of Olympus Mons where the elevation is the highest.

4) I would predict there is more mass at the top of Olympus Mons because the gravity is higher than average, and a higher mass causes a higher gravity.

5) The gravity anomaly is largest in this diagram in the center section of Valles Marineris and the on the right end.  At these two places the gravity anolmay is –400 mgals.

6) This anomaly shows a lower gravity on Valles Marineris, because it is a negative number.

7) The gravity anomaly is largest at Melas Chasma and Eos Chasma where Valles Marineris has large, deep areas.

8) I would predict there is less mass at these two locations in Valles Marineris because the gravity is lower than average, and a lower mass causes a lower gravity.

9) Individualized student response.  There is more mass in the area of Olympus Mons because the height of the volcano adds to the mass of the crust.  There is less mass in the area of Valles Marineris because the loss of crust from the canyon takes away from the mass. Based on their studies on Earth, scientists know that planets attempt to balance out the mass differences on the surface over time.  The inside of the Earth is warm and flexible, so heavy parts of the crust can sink deeper into the mantle making the mass of an area less.  However, Mars is different because it is more difficult for Olympus Mons to balance the mass by sinking into the crust.  In the same way, it is also more difficult for Valles Marineris to balance the mass through a rebounding crust.  Since it is more difficult for areas with different amounts of mass on Mars to adjust their position in relation to the mantle, scientists can tell that the crust is cooler and less flexible than the crust of Earth.

