Name ________________________________________  Pd. _____

Lab Partners _______________________  __________________  __________________

Date Due ____________________   Date Submitted _________________________


A Computer Simulated Model Study

Effect of Gravity on Distribution of Atmospheric Gases
Introduction

Scientists can study variables in a given situation by creating and using simulation models. A model is a representation of the real world. Models can be developed using a variety of formats. Formats may include: diagrams, 3-D structures, simulations, and mathematical expressions (equations and formulas). Ideally the model accurately incorporates known information regarding the area of study. The model serves as a convenient way to study and conduct research in an environment that is not otherwise possible, practical, or safe. The use of a model is a very useful method of study employed by scientists in an effort to attempt to answer unknown questions, extend our knowledge base, and propose advanced ideas and concepts. Computers have allowed scientists to develop models that can involve complex and time-consuming calculations. 

This laboratory investigation uses the computer simulation model developed at Boston University entitled: Virtual Molecular Dynamic Laboratory (VMDL). This simulation has been designed incorporating the use of numerous calculations based on known laws regarding particles interactions. The VMDL program allows the user to vary given factors on a maximum of 200 particles within a closed container. Some of the factors that can be changed include pressure (gravity), temperature, and particle mass. This program has a wide range of uses applying the known information regarding particle interactions. For our investigation we will be using only a few of the basic variables. This program has the capacity to develop involved and sophisticated research projects for students with higher-level chemical and physical science understandings and interest.

Lab Objective

 To use a computer simulation model to investigate how gravity affects the distribution of atmospheric gases.

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



The Virtual Molecular Dynamic Laboratory

Read thorough the following descriptions as you try working the model. Place a check in the box after you have read and tested the note. 


To open the program  - double click on the Start SMD! Icon.

There are many options available in this simulation. At this time, it is not necessary to use or pay attention to most of the options and information shown except for those listed in the directions.

The program opens to its initial or base screen. The following options should be explored since they are the ones we will be using.  The INITIAL SCREEN BASIC INFORMATION guide available at your lab station will help you complete this portion of the lab.


Across the top are:  File, Edit, Iterations Between Displays, Take Snapshot.



File – has a variety of options.  We will use ‘Save the Experiment’ to save 
                       a selected setup and ‘Quit’ to close down the program. In this investigation
                       you will be saving your setup and if you wish to restart the experiment 
                       your saved file will be found under ‘Open Custom Experiment.’


Edit – has a variety of options, most of which relate to the particles.


          You may select a different ‘Background’ if you wish.


Iterations Between Displays – Refers to selecting how frequently you
                      wish the computer to take a reading. The larger the number the
                      less often the computer needs to take a reading and the faster it 
                      can take data. This also slows the speed at which the ‘Time’ units

                      move.  For our experiment 10 would be appropriate to use.

    
Take Snapshot – allows a snapshot of either the graph or screen to be taken.



Taking a snapshot of the screen allows you to place a label on it but

            taking a snapshot of the graph will not so it is best to do both 
                        and keep them together so you will have a labeled set of snapshots.


 Start and Pause Button



The “Display particles by” box allows a variety of selections. 


For this lab you will be using “Particle Type”

The next box in this row is Show/Hide Averages and is used to display data.

We will open this box to show time intervals when collecting data. Note that Time, Temperature and other parameters shown in this box are in computer units, so

 they are relative to another.


Use ‘Reset Averages’ every time you start a new reading.


The ‘Show Real Units’ is available for general reference.


Large box on left displays a screen showing the particles. 

Space to the left of screen display is for the graphic display of the parameters selected.  

We will be using ‘Avg. Concentration vs.Y’. Where Y is the height of the atmosphere and the X-axis will show the % of each particle at each height.

A study can include up to two different particles:  G and B.  G’s mass remains at 1 but B’s mass may be changed using the slider.

The temperature bar will slide to adjust to a selected temperature. Remember these settings are in computer units not actual temperature.


Checking  “Heat Bath” insures the selected temperature remains


 relatively constant.


The box ‘Show Additional Parameters’ when clicked on will show more parameters. Click on this box and leave open the additional parameters.

Under ‘Additional Parameters’ we will be using the following selections:

     Number Density to 0.2.

     GB interaction parameter to 0.1

      RB interaction parameter to 2.0

      Boundary Conditions to Reflecting Walls

      Rigid Container Parameters 

      Select Gravity and set to 0.05


NOTE:  Before beginning any set of directions make sure that all settings are correctly

Selected and

If you have read, tried, and checked each item, you are ready to proceed to Part B.

Part B:  Using VMDL

Investigating relationship of gravity to distribution of atmospheric gases.
To conduct this investigation you will be comparing two gases found in Earth’s atmosphere. 

Preparing to Conduct the Investigation

1. First, we need to collect some information about the gases in the atmosphere. 

    Complete the following chart.  The first row has been completed for you as an example.

Reminder:  Molecular mass is equal to the total of the masses for each of the atoms of which it is composed. Use the Periodic Reference Table in the Appendix  G , p. 917, of your textbook.

	Name of Gas
	Percentage of Atmosphere
	Chemical

Formula
	Mass of Molecule

	Oxygen
	21%
	O2
	32

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


2. If the VMDL program, SM! Is not open, open it, close the overlaying “Open Preset Experiment” window.

3.  a.  Setup the following parameters.

                 (Hint:  Micro-moves can be made using the arrow keys.)
      
            Set ‘Display by’ to Particles


Set  ‘Iterations Between Displays’ to 10


Select: ‘Show Averages’


For graphic display select ‘Avg. Concentration vs.Y’



Set Temperature to 2.0


Check ‘Heat Bath’



Set B Particle Mass to 8.0


Open: ‘Additional Parameters’


Set ‘Number Density’ to 0.2.

     

Set ‘GB interaction parameter’  to 0.1

      

Se ‘RB interaction parameter’ to 2.0
     

Select ‘Boundary Conditions’ to Reflecting Walls
     

Select ‘Rigid Container Parameters’ 



Select and Set  ‘Gravity’ to 0.05
    

        
Double check to make sure all parameters have been set as directed.

       b. Save this setup by clicking on ‘Save the Experiment’ under the File Menu.

           Once you do this most of the setup parameters will be saved except for 

           Temperature and Number Density, which will still have to be reset each time. 

           If you need to begin the experiment over again, this setup can be retrieved by 

           selecting  ‘Open Custom Experiment’ under the File Menu.  Name your saved 

           initial setup Gravity 0.05 ,Temp 2.0 Setup and save it in your lab table folder on 

           the computer desktop.


Conducting the Experiment Using the Computer Simulation


    The purpose this simulation is to investigate what effect the force of gravity may have on two particular atmospheric gases. In this simulation we are selecting one of the heavier gases in the atmosphere, oxygen gas, and one of the lighter gases in the atmosphere, helium gas.

     In this simulation program the Green (G) particles have a set unit of one, which cannot be changed. For this reason the G particle has been selected to be helium. The computer simulation program allows the B particle’s mass to be changed and we have set it to 8.0 because the mass of one molecule of oxygen gas is approximately eight times heavier than one molecule of helium. On the graph, the Y-axis will represent the height above Earth’s surface.

     Once we are ready to run the simulation it will be necessary to watch what is happening visually to the particles in the screen window, what is happening in the graph window, and the time so that you will know when to stop the simulation. You may wish to use the PAUSE button at any time and as often as you like. If for some reason you wish to begin over again, make sure to open your saved file under ‘Custom Experiment’ under the File Menu but make sure you reset the Temperature to 0.2 and the Number Density to 0.2

     As you begin the simulation one or two windows will open shortly after the Start button is clicked on stating something regarding adjusting the size of the container or magnification of the particles. In each case simply click OK.

BEFORE YOU BEGIN

1.  PREDICT what you think the affect of gravity will be on the distribution of the 
     two particles and write your prediction in the box below.


2.   Take a SNAPSHOT of the INITIAL SCREEN. Label it  INITIAL Gravity 0.5
      Temp 0.2.

3.  a. Do a VERY QUICK START then PAUSE just after closing any windows that 
          may promptly open at the start of the program as noted above.
     b. Take a SNAPSHOT of the SCREEN. Label it START Gravity 0.5, Temp 0.2. 
     c. Take a SNAPSHOT of the GRAPH.
     d. Align the snapshot of the screen vertically above the snapshot of the graph.
         This will provide a label for each of your sets of snapshots.

BEGINNING THE EXPERIMENT

1.  Start the experiment by pressing on the START button. Try to watch all areas noted above as best as you can. Stop the simulation by pressing the PAUSE button when the TIME units equal 150.

2. a. Take a SNAPSHOT of the SCREEN. Label it END Gravity 0.5, Temp 0.2. 
    b. Take a SNAPSHOT of the GRAPH.
    c. Align the snapshot of the screen vertically above the snapshot of the graph.
    d.  Save to your desktop folder the file containing your snapshots name it Snapshot
        Gravity 0.5, Temp 2.0. 
3.  Fill in the data requested on the data table provided.
4.  Repeat this experiment by changing the Gravity to 0.08. Make sure to write down 
     your prediction in the box below BEFORE you begin the experiment.


5. Repeat this experiment in an environment with no gravity. Make sure to write your 
          prediction in the box below BEFORE you begin the experiment.


DATA COLLECTION

Complete the DATA TABLE provided.  To do this you need to look at the snapshots you saved for each experiment and add up the approximate total percentages of each gas (particle) for the lower 50% of the atmospheric (axis Y) and repeat the procedure for the upper 50% of the atmospheric (axis Y). Total each of your columns.


GRAPHING THE DATA

Use your data to make BAR GRAPHS following the directions on the data and graphing sheet provided.

                                              QUESTIONS


       Remember: Answer clearly and neatly in complete sentences.


       Do not leave any blanks. Give an answer for EVERY question.

1. MAKE SURE TO PRINT OUT A COPY OF YOUR SCREEN AND 
           GRAPH  SNAPSHOTS AND STAPLE IT TO YOUR LAB REPORT.


1. a. What is a model?




    b. What are some advantages of using a model for scientific study?




   c. What are some disadvantages of using a model for scientific study?


2. a.  What is a simulation?





b. List reasons why the use of simulations in the study of science is advantageous?





c.  List some disadvantages of using a simulation in the study of science?





3. a. What are some advantages of using a computer when involved in the use of 
    simulations to study science?




b. What are some disadvantages of using a computer when involved in the use of 
    simulations to study science?



4. a.  In what ways did you find the use of the Virtual Molecular Dynamics Laboratory 
     computer simulation difficult or troublesome?



b. What did you find most interesting or  like most about the program?


c. What aspects were most difficult to understand?

5. What evidence can you give from your work that provides evidence that an oxygen gas molecule is eight times heavier than a helium gas molecule?

6. In the very beginning of each experiment, describe the distribution of the two particles.

7.  The total percentages of each gas (particle) columns on your data table may or not have equaled 100.  Should they have been 100%?       YES   or  NO   (Circle One)

      Explain why you believe the answer is as you circled?

 8.  Draw a conclusion regarding the affect of gravity on the distribution of gases in the atmosphere.





9.  How would you explain the results obtained under the condition of zero gravity?




10. How could the application of this computer simulation be used in the study of other 

      planets or natural satellites of our solar system?

11. Given the understanding that everything, terrestrial and nonterrestrial, is based on the interactions between particles of which it is composed, give some other examples of studies that can be conducted using this computer simulation module.

12   a. Design an experiment to use with the Virtual Molecular Dynamics Laboratory  Simulation.  You may wish attach additional sheets of paper to provide enough space to adequately describe the project.

       b. OPTIONAL CHALLENGE   Completing the experiment you designed above 
                                                         will give you an extra 5-10 bonus exam points.  

OPTIONAL BONUS POINT QUESTION

If this simulation model were to be accurate regarding the relative percentage of the two gases used in this laboratory ….


      a. What would have to be changed in this model?


b. How would it have to be changed?   Give specific numbers.

      c. How would making the change you proposed for this model help or hinder what it 
    is trying to demonstrate?
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    http://seds.lpl.arizona.edu/nineplanets/nineplanets/nineplanets.html
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Reminder: Don’t forget to attach a printout of the snapshots for each experiment.
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