Fran Hess   

The Effect of Gravity on the Distribution of

Atmospheric Gases

Introduction

The Virtual Molecular Dynamics Laboratory Simulation is used as the basis for student investigations on the effect gravity has on the distribution of Earth’s atmospheric gases. The investigation compares simultaneously a relatively heavier gas such as oxygen to a lighter atmospheric gas such as helium.  This lesson can be incorporated into the study of the atmosphere. It may be included in a stand-alone unit study of the atmosphere or as part of a comparative study of planetary atmospheres in the study of astronomy or space travel.

The use of this lesson allows for the expansion of a student’s concept of our atmosphere by providing a virtual laboratory setting where students can manipulate forces not possible to do in the real world. Through the use of this simulation the student will also develop a preliminary understanding of and appreciation for the importance of simulations in the study of universal forces such as gravity.  Manipulation of the simulation program and the visual results help to reinforce the basic concepts for students and is especially helpful for the less abstract thinking students. The more abstract thinking students can readily enrich their understandings through added experimentation working individually or in small groups.

Intended Audience

This lesson can be used with students in the upper middle to high school level. Students will benefit from understanding how computer simulations are used in the study of science and will see how computers can be manipulated to meet research needs. Basic concepts will be reinforced and higher achievers will have the opportunity to stretch their imaginations preparing them for advanced courses of study and college preparatory examinations. Feedback will show parents the value and use of the computer beyond common perceptions of current or home use. The use of this program and lesson will enhance students’ experiences with the scientific inquiry process and research tools and stimulate interest in the learning of science. The program can serve as a tool to provide students with both a basic and an enriched curriculum.

Placement In The Curriculum

This lesson could be incorporated into the Physical Science, Earth Science, and Astronomy and Space courses of study. Students will need minimal computer literacy skills in the general use of the computer.  Able upper middle level students and all high school level students should be able to experience success. 

Specific content and terminology that should be understood before this activity is used include knowledge of the composition of gases of the atmosphere and their properties, the concept of gravity, and the affect of temperature on the density of gases.

If this lesson is used within an Astronomy or Space unit, students should also have an understanding of the properties of other planets within our solar system and of the solar system in general.

Adjustment or Adaptation

The lessons developed using the VMDL computer simulation can be varied for all levels of student use. It may be best to start all students at a relatively basic level and allow the more able student to expand the range of use of the program’s functionality. The computer simulation provides a wide range of opportunities and challenges for the exceptionally capable academic student. Teacher planning to adjust the use of the simulation is crucial to the program’s success.

Goals & Objectives

Goals

To provide students with an opportunity to develop a better understanding of the role gravity plays on the distribution of gases in Earth’s atmosphere. 

To expose students to the application of a computer simulation as a scientific research tool.

To provide students the option to engage in a manipulative simulated research project.

To provide students with the opportunity to apply learned information to a new and novel, yet possible, situation within the student’s world.

To provide a manipulative activity to stimulate student interest and curiosity in science.

Objectives 

Through this activity students will improve their ability to:

Describe how gravity affects the distribution of atmospheric gases based on the amount of gravity and the molecular mass of the gas.

Compare the affects of different gravity systems on the physical characteristic of possible atmospheric gases of different planets in our solar system.

Evaluate the quality of their predictions.

Justify decisions based on their data.

Apply the methods of sound scientific inquiry by devising a research project using the simulation.

Apply basic mathematical skills involved in graphing and interpreting data.

Apply written and oral communication skills

National & State Standards Addressed

New York State Learning Standards for Mathematics, Science, and Technology

 

   Standard   1   Analysis, Inquiry, and Design
Students will use mathematical analysis and scientific inquiry to pose questions, seek answers, and develop solutions.

  Standard   2    Information Systems

Students will access, generate, process, and transfer information using appropriate technologies.

  Standard   4    Science  

Students will understand and apply scientific concepts, principles, and theories pertaining to the physical setting.

     The Earth and celestial phenomena can be described by   

            principles of relative motion and perspective.

      The force of gravity between two objects in the universe 

            depends on their masses and the distance between them.

 Standard   5    Technology
Students will apply technological knowledge and skills to design, construct, use, and evaluate products and systems to satisfy human and environmental needs.

 Standard   6     Interconnectedness: Common Themes   

Students will understand the relationships and common themes that connect mathematics, science, and technology and apply the themes to these and other areas of learning.

 Standard  7     Interdisciplinary Problem Solving

Students will apply the knowledge and thinking skills of mathematics, science, and technology to address real-life problems and make informed decisions.

Models are simplified representations of objects or systems used in analysis, explanation, interpretation or design.

National Standards

   Content

Matter is made of minute particles called atoms, and atoms are composed of even smaller components. These components have measurable properties,

Gravitation is a universal force that each mass exerts on any other mass. The strength of the gravitational attractive force between two masses is proportional to the masses and inversely proportional to the square of the distance between them.

Interactions among the solid earth, the oceans, the atmosphere, and organisms have resulted in the ongoing evolution of the earth system.

Interactions among the solid earth, the oceans, the atmosphere, and organisms have resulted in the ongoing evolution of the earth system.

  Scientific Inquiry 

Students respond positively to the concrete, practical, outcome orientation of design problems before they are able to engage in the abstract, theoretical nature of many scientific inquiries.

Students should formulate a testable hypothesis and demonstrate the logical connections between the scientific concepts guiding a hypothesis and the design of an experiment. They should demonstrate appropriate procedures, a knowledge base, and conceptual understanding of scientific investigations.

Technology

Students need to develop an understanding of how technological design plays a role in the development of science, technology and learning.

Technology is essential to science, because it provides instruments and techniques that enable observations of objects and phenomena that are otherwise unobservable due to factors such as quantity, distance, location, size, and speed. Technology also provides tools for investigations, inquiry, and analysis.

  Student Learning

Students should present their results to students, teachers, and others in a variety of ways, such as orally, in writing, and in other forms--including models, diagrams, and demonstrations.

Students should learn the structure and evolution of the universe through laboratory experiments and current observations of events and phenomena in the universe

Student learning tasks should involve science ideas drawn from more than one field of science.

Time :   5 (  Single Periods

1 Period (~ 40-45 minutes)


Review/Refresh pre-knowledge information for simulation.

1 Period  (~ 40-45 minutes)

     Introduction to activity and Virtual Molecular Simulation Program.

2 Periods (~80-90 minutes) 

      Lesson:  Student Lab Handout: A Computer Simulated Model Study:  

                       Effect of Gravity on Distribution of Atmospheric Gases

1 Period (~ 40-45 minutes) 

      Post Lab Discussion & Preliminary Extension Project Work

Additional periods may be added to conduct one or more wet labs and demonstrations dealing with , but not limited to, the topics of density of liquids, pressure and temperature relationships, and others as those listed under resources in this document.

Optional Research Extension:   1-2+ Weeks

This option would plan for independent time for students to develop and complete a brief self-designed research investigation. Finished research projects could then be presented to the class, at a honored showing for the school’s science department faculty,  or other esteemed setting in the school or community.

This component is an option to use with students comfortable with the understanding and use of the program well enough to conduct an independent research activity of their own design. This component may be done in small groups of 1-3 students or independently. The teacher’s role is to serve as a resource and guide for the research teams.

A scoring rubric, such as the sample described under Assessments, would be reviewed and modified, as may be necessary, with students when the assignment is first discussed.

Another option could be to use this component as extra credit or as an enrichment activity for the students who have shown particular interest in this activity or needs avenues to allow their scientific intellectual capacities to expand.

Electronic Equipment


One computer access for each group of 2 – 4 students, although 2 would be ideal. 


Instructional Activities

Period 1     Review/Refresh pre-knowledge information for simulation.


Gases in Earth’s Atmosphere



Composition




Characteristics




Percentages 



Distribution


Change With Geologic Time

Atmospheres of other Planets in our Solar System

Period 2      Introductory Activity on Use of Program



Review Computer Use 




Features




Local Computer Use Policy & Rules



PreLab Discussion


      

The teacher may opt to go through the initial tour of the program 



with students as a class. If this option is chosen, the teacher can follow




Part A: Brief tour on how to use the computer simulation model,



on the Student Lab Handout: A Computer Simulated Model Study:  

                                    Effect of Gravity on Distribution of Atmospheric Gases.
                                    The more able and computer-comfortable students could do Part A



on their own.

Period 3-4     Activity  -  Student Lab: A Computer Simulated Model Study:  

                            Effect of Gravity on Distribution of Atmospheric Gases

Period 5        Post Lab Discussion


         Project Introduction 

Optional  -  1-2+ Week   Project Extension

Possible Follow Up Activities

      Discussions & Analysis of Related Graphs


Selected Properties of Earth’s Atmosphere Chart 



Physical Setting / Earth Science Reference Table



New York State Education Department, Albany, NY 2001


Density Changes With Altitude   (Figure 11-1) 



Hess, F and others.  Earth Science: Geology, the Environment, and the 


Universe. Glencoe McGraw-Hill, 2002  p. 280 


Formation and Composition of the Planets  (Figure 29-28) 



Hess, F and others.  Earth Science: Geology, the Environment, and the 


Universe. Glencoe McGraw-Hill, 2002  p. 795 

        Laboratory Investigations


Interpreting Pressure – Temperature Relationships. 



Hess, F and others.  Earth Science: Geology, the Environment, and the 


Universe. Glencoe McGraw-Hill, 2002  p. 292   


Density 
http://outreach.rice.edu/~dgabby/science/density.htm

Earth, Space, and Gravity  http://www.coe.tamu.edu/~alliance/p-earthspacegrav.html

El Nino
http://rodneyscience.freeyellow.com/page13.html

Egg Float 
http://rodneyscience.freeyellow.com/page8.html

Masses of Liquids
http://www.lme.mankato.msus.edu/ci/Sept/Activities.html

Wave Machine
http://www.atozkidsstuff.com/waterfun.html

Wave Maker
http://www.ktca.org/donnasday/creative/activ21.html

Density in a Wave Machine
http://www.iit.edu/~smile/ch9601.html

Glitter Globe
http://www.exploratorium.edu/science_explorer/glitter.html
Assessment

Assessment can take many forms. Much of the assessment and achievement of the stated goals is embedded in successfully completing the investigation. The laboratory write up can be formally assessed by using the following simplified laboratory scoring rubric. 

	[image: image1.bmp]
	Exceptional
	Meets Criteria
	Could Improve Upon
	Needs Significant Improvement

	Format
	Neat, Legible,

Complete
	4
	3
	2
	1

	Lab Procedure
	Use of Scientific Method, Safety Procedures,

Proper Use & Care of Equipment, 

Followed Directions
	4
	3
	2
	1

	Quality of Answers
	Accurate Answers, Precision 
	4
	3
	2
	1

	Work Ethic
	Cooperative, Helpful, Positive Attitude, Efficient Use of Time, Prepared
	4
	3
	2
	1

	Handed In, Completed, by Due Date 
	4
	3
	2
	1

	Exceptional Effort
	4
	2
	
	


Other forms of formal assessment occur during regular class written examinations. Teachers can conduct informal assessment through the observation of student interactions and participation in the class setting. 

Students engaging in follow-up research projects will pose important questions, design experiments, conduct disciplinary inquiry, analyze results, present conclusions, and make suggestions for further research. The research projects may be scored using the same basic format of the Simplified Science Laboratory Scoring Rubric shown above.


.

Textbook Correlation

Hess, F and others.  Earth Science: Geology, the Environment, and the Universe. Glencoe McGraw-Hill, 2002


Chapter 11 Atmosphere


Chapter 29 Our Solar System

ATTACHED ADDENDUM 

Student Lab Handout: A Computer Simulated Model Study:  

                       Effect of Gravity on Distribution of Atmospheric Gases



     Data and Graph Sheet

Initial Screen Basic Information

Sample Data


 Snapshot of Data:  Gravity 0.0


 Snapshot of Data:  Gravity 0.5


 Snapshot of Data:  Gravity 0.8


 Completed Data and Graph Sheet

Scoring Rubrics: PowerPoint, Project, Laboratory Report

Scoring Rubric Web Sources

Resources

Earth Science Textbook

Hess, F and others.  Earth Science: Geology, the Environment, and the Universe. Glencoe McGraw-Hill, 2002

Websites

Virtual Molecular Dynamic Laboratory Homepage


http://polymer.bu.edu/vmdl/index.html
New York State


Mathematics, Science and Technology Standards

                http://www.emsc.nysed.gov/ciai/pub/pubmst.html

Physical Setting / Earth Science Core Curriculum

                  http://www.emsc.nysed.gov/ciai/pub/pubsci.html

Physical Setting / Earth Science Reference Table


     http://www.geocities.com/sciencemedina/refindex.html
                 http://www.emsc.nysed.gov/ciai/testing/reftable.html
National Standards:  http://www.nap.edu/readingroom/books/nses/html/6e.html#csd912
Textbook Website:  http://www.glencoe.com/sec/science/earthscience/index.html
Atmospheric Data 

    http://daac.gsfc.nasa.gov/CAMPAIGN_DOCS/ATM_CHEM/atmospheric_structure.html
Air Pressure  

    http://www.usatoday.com/weather/wbarocx.htm
    http://kids.earth.nasa.gov/archive/air_pressure/   (Very Basic Site K-8)

Gravity

   http://spaceprojects.arc.nasa.gov/Space_Projects/SSBRP/gravity.html
   http://theweatherprediction.com/habyhints/142/
   http://www.exploratorium.edu/ronh/weight/index.html
Solar System Information  

    http://seds.lpl.arizona.edu/nineplanets/nineplanets/nineplanets.html
    http://www.solarviews.com/eng/homepage.htm
    http://liftoff.msfc.nasa.gov/academy/space/solarsystem/solarsystemjava.html
    http://www.physics.gmu.edu/classinfo/astr103/CourseNotes/ECText/ch08_txt.htm - 8.4.
    http://liftoff.msfc.nasa.gov/academy/space/atmosphere.html VERY TECHNICAL 

Advanced Sites

   Atmospheric Layers   http://www.tc.cc.va.us/portsmth/physics/nas125/week1/LAYERS-0.HTM
Wet Labs


Density 
http://outreach.rice.edu/~dgabby/science/density.htm

Earth, Space, and Gravity  http://www.coe.tamu.edu/~alliance/p-earthspacegrav.html

El Nino
http://rodneyscience.freeyellow.com/page13.html

Egg Float 
http://rodneyscience.freeyellow.com/page8.html

Masses of Liquids
http://www.lme.mankato.msus.edu/ci/Sept/Activities.html

Wave Machine
http://www.atozkidsstuff.com/waterfun.html

Wave Maker
http://www.ktca.org/donnasday/creative/activ21.html

Density in a Wave Machine
http://www.iit.edu/~smile/ch9601.html

Glitter Globe
http://www.exploratorium.edu/science_explorer/glitter.html
Simplified


 Science Laboratory 


Scoring Rubric





	


95	A  =   15-20





85	B  =   11-15





75	C  =    6-10


 


 65       D   =    1-5
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