Module: Simulation

Topic Area: Background

Benchmark/Lesson: 
SC.H.1.2.2.


Module Background

1 Introduction

“Simulation is the process of designing a model of a real system and conducting experiments with this model for the purpose of either understanding the behavior of the system and/or evaluating various strategies for the operation of the system.”[1].  Simulation has improved greatly throughout history.  It has enabled researchers and scientists to more effectively model and study the behavior of existing complex systems without disrupting the ongoing operations, predict the effects of changes in the system, and construct theories or hypotheses that account for the observed behaviors.  Simulation is also very useful when comparing different system design models by allowing the control of multiple variables to gain insight of the ones that are most important to system’s performance.  Comparing system designs this way greatly decreases the cost of analysis due to the speed and reliability in which results can be obtained.  Finally, simulation allows testing of proposed systems before committing resources.
Today Simulation is arguably one of the most multifaceted topics that engineers and scientists can face in the workplace. It can also be one of the most important to a corporation, regardless of the industry. Quality, safety and productivity are all affected by simulation; whether the issues occur in the office, on the manufacturing floor, or in a warehouse.  Simulation can be used as a guide for managers in their decision analyses, saving them time and effort.   

2 Brief History


The history of simulation dates back to World War II, when two mathematicians Jon Von Neumann and Stanislaw Ulam were faced with the puzzling problem of the behavior of neutrons. Hit and trial experimentation were too costly and the problem was too complicated for analysis. The mathematicians suggested the Roulette wheel technique, (standard gambler’s Roulette wheel) in order to obtain a selection of events by chance. The basic data regarding the occurrence of various events were known, into which the probabilities of separate events were merged in a step-by-step analysis to predict the outcome of the whole sequence of events. With the remarkable success of the techniques on the neutron problem, it soon became popular and found many applications in the business and industry.  During this time, the development of new technologies targeted mainly military purposes during war.  Simulation began to emerge as new problem-solving tool in the world at large.


A methodology used extensively in the simulation world, the Monte Carlo method, was also credited to Ulam.  The Monte Carlo method solves a problem by simulating directly the physical process; therefore it is not necessary to write down the differential equations that describe the behavior of the system.  It is a stochastic technique used to solve mathematical problems. The word "stochastic" means that it uses random numbers and probability statistics to obtain an answer. Monte Carlo methods were originally developed for the Manhattan Project during World War II. However, they are now applied to a wide range of problems - nuclear reactor design, econometrics, stellar evolution, stock market forecasting etc.  Monte Carlo methods randomly select values to create scenarios of a problem. These values are taken from within a fixed range and selected to fit a probability distribution (e.g. bell curve, linear distribution, etc.).  A good example is rolling a dice. The outcome is always within the range of 1 to 6 and it follows a linear distribution (there is an equal opportunity for any number to be the outcome).

Computer simulation was not a useful tool in the 1950s.  Simulation took too long to get results, needed too many skilled people, and as a result cost a considerable amount in both personnel and computer time.  The situation improved slightly in the 1960’s with the use of batch systems.  Both data and the program were fed to the computer in a batch via punched cards. Source data were taken on forms from which keypunch operators prepared the punched cards. Data Processors developed the programs. The early use of punched cards in manufacturing was predominantly seen in their inclusion in job or order packets for material requisition, labor reporting and job tracking.  In the 1970’s simulation was used to develop more accurate models because there were more sophisticated tools used. One of these advanced tools was the simulation programming language called Simulation Language for Alternative Modeling (SLAM).  The development of the Simulation Analysis (SIMAN) programming language in 1982 was another major advancement in simulation because it was the first programming language to run on both a mainframe as well as a microcomputer.  From the late 1980’s through the present days, simulation has seen an incredible technological advancement
 that is mainly attributed to improvements in the computer industry.  

Today, simulation languages are much more sophisticated and computer animations are used to provide visual analysis of systems.  Simulation has been used for analysis in different industries.  Some of these industries are:

Computer Systems:  hardware components, software systems, networks, data base management, and information processing

Manufacturing:  material handling systems, assembly lines, automated production facilities, inventory control systems, and plant layout

Business:  stock and commodity analysis, pricing policies, marketing strategies, cash flow analysis, and forecasting

Government:  military weapons and their use, military tactics, population forecasting, land use, health care delivery, fire protection, criminal justice, and traffic control systems

Figure 1 shows a snapshot from a computer simulation of an assembly line.  Figure 2 shows a snapshot of a simulation of a highway system using a software package called CORSIM.  Simulation is used extensively for transportation studies to gain knowledge about traffic behavior such as congestion, traffic flow, and incident management (among many other things).  Figure 3 shows a simulation of the expected trajectory of hurricane Andrew.  Estimating the path of the hurricane made possible the evacuation of people to areas out of the hurricane’s path.
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Figure 1 - Simulation of a Power Tool Assembly Line
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Figure 2 - Simulation of a Highway System with CORSIM software package
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Figure 3 - Weather Simulation of Hurricane Andrew's Landfall

The following are some examples of how simulation has helped Disney World to improve the efficiency of its operations:

Cruise Line Operations:  Simulated the arrival and check-in process at the dock. Discovered that the proposed process would have caused hours in delays before getting on the ship.

Private Island Arrival: T
thethehe process of transporting passengers to the beach area was analyzed.  Because the drop-off point was far from the beach, simulation was used to determine whether to invest in trams, how many trams to purchase, and the average transport and waiting times.  

 Alien Encounter Attraction:  Simulation was used to understand the reasons causing visitors waiting long periods of time before getting on the ride.   The length of the individual shows in order to avoid bottlenecks was determined.  

3 The Basic Steps of a Simulation Study

The application of simulation involves specific steps in order for the simulation study to be successful. Figure 4 shows a flowchart of the steps to be taken in a simulation study.  Regardless of the type of problem and the objective of the study, the process by which the simulation is performed remains constant. The following briefly describes the basic steps in the simulation process. 
Problem Definition 

The initial step involves defining the goals of the study and determining what needs to be solved. The problem is further defined through objective observations of the process to be studied. Care should be taken to determine if simulation is the appropriate tool for the problem under investigation.  

Project Planning 

The tasks for completing the project are broken down into work packages with a responsible party assigned to each package. Milestones are indicated for tracking progress. This schedule is necessary to determine if sufficient time and resources are available for completion. 

System Definition 

This step involves identifying the system components to be modeled and the performance measures to be analyzed. Often the system is very complex, thus defining the system requires an experienced simulator who can find the appropriate level of detail and flexibility. 
Model Formulation 

Understanding how the actual system behaves and determining the basic requirements of the model are necessary in developing the right model. Creating a flow chart of how the system operates facilitates the understanding of what variables are involved and how these variables interact. 

Input Data Collection & Analysis 

After formulating the model, the type of data to collect is determined. New data is collected and/or existing data is gathered. Data is fitted to theoretical distributions. For example, the arrival rate of a specific part to the manufacturing plant may follow a normal distribution curve.  

Model Translation 

The model is translated into programming language. Choices range from general-purpose languages such as Fortran or simulation programs such as Arena. 

Verification & Validation 

Verification is the process of ensuring that the model behaves as intended, usually by debugging or through animation. Verification is necessary but not sufficient for validation, that is a model may be verified but not valid. Validation ensures that no significant difference exists between the model and the real system and that the model reflects reality. Validation can be achieved through statistical analysis. Additionally, face validity may be obtained by having the model reviewed and supported by an expert. 

Experimentation & Analysis

Experimentation involves developing the alternative model(s), executing the simulation runs, and statistically comparing the alternative(s) system performance with that of the real system. 
Documentation & Implementation 

Documentation consists of the written report and/or presentation. The results and implications of the study are discussed. The best course of action is identified, recommended, and justified. 
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Figure 4 - Steps for Simulation Project Flowchart

Figure 4 - Basic Steps of a Simulation Study

4 Is Simulation Appropriate?

Completing the required steps of a simulation study establishes the likelihood of the study's success. Although knowing the basic steps in the simulation study is important, it is equally important to realize that not every problem should be solved using simulation. In the past, simulation required the specialized training of programmers and analysts dedicated to very large and complex projects. Now, due to the large number of software available, simulation at times is used inappropriately by individuals lacking the sufficient training and experience. When simulation is applied inappropriately, the study will not produce meaningful results.  To recognize if simulation is the correct approach to solving a particular problem, four items should be evaluated before deciding to conduct the study: type of problem, availability of resources, costs, and availability of data.

Type of Problem

If a problem can be solved by common sense or analytically, the use of simulation is unnecessary. Additionally, using algorithms and mathematical equations may be faster and less expensive than simulating. Also, if the problem can be solved by performing direct experiments on the system to be evaluated, then conducting direct experiments may be more desirable than simulating. 

Availability of Resources

People and time are the determining resources for conducting a simulation study. An experienced analyst is the most important resource since such a person has the ability and experience to determine both the model's appropriate level of detail and how to verify and validate the model. Without a trained simulator, the wrong model may be developed which produces unreliable results. Additionally, the allocation of time should not be so limited so as to force the simulator to take shortcuts in designing the model. The schedule should allow enough time for the implementation of any necessary changes and for verification and validation to take place if the results are to be meaningful. 

Costs

Cost considerations should be given for each step in the simulation process.  (i.e., purchasing simulation software if not already available, computer resources, etc.). Obviously if these costs exceed the potential savings in altering the current system, then simulation should not be pursued. 

Availability of Data

The necessary data should be identified and located.  If the data does not exist, then the data should be collectible. If the data does not exist and cannot be collected, then continuing with the simulation study will eventually yield unreliable and useless results. The simulation output cannot be compared to the real system's performance, which is vital for verifying and validating the model. 

There are many advantages for using simulation as an analytical resource.  The main advantages are the study of the behavior of a system without building it and that results are accurate in general when compared to analytical models.  Also simulation allows analysis of different designs in order to answer “What if” questions.  The main disadvantages of simulation are that it can be expensive to build a simulation model and/or conduct the simulation experiment.  Also, it is sometimes difficult to interpret the simulation results. 

5 References

1. Introduction to Simulation Using SIMAN, 1991 by C. Dennis Pegden, Randall P. Sadowksi, Robert E. Shannon
2. http://www.uh.edu/~lcr3600/simulation/contents.html
3. Simulation with Arena, 2nd edition, 2001 by W. David Kelton, Randall P. Sadowski, Deborah A. Sadowski, David Kelton
4. http://projects.edte.utwente.nl/pi/papers/simAdv.html
5. http://www.cs.panam.edu/~meng/Course/CS6337/Note/master/node3.html
6. http://web.cs.mun.ca/~donald/msc/node7.html
7. http://www.visionengineer.com/mech/monte_carlo_simulation.shtml
8. http://www.puc-rio.br/marco.ind/monte-carlo.html
9. http://www.chem.unl.edu/zeng/joy/mclab/mcintro.html
10. http://www.fourmilab.ch/hotbits/
11. www.dictionary.com
12. LEGO.  Hands-On Science and Technology Products 2003
13. Investigations into Projectile Motion.  http://lrs.ed.uiuc.edu/students/erlinger/ci335/3c.html
Module:  Simulation

Topic: 

Benchmark/Lesson: 

Lesson 1: Monte Carlo Simulation – Find the Area of the Irregular Shape

Objective

The objective of this experiment is to teach students the concept of a Monte Carlo simulation experiment.  Students will learn the advantages and disadvantages of using this type of method for different scenarios in order to approximate solutions to quantitative and complex problems.  Students will use Monte Carlo methodology to approximate the area of an irregular shape.  Students will see that the Monte Carlo methodology is much simpler in this type of scenario than solving with other mathematical methods.  Students will also learn the difference between random and “pseudo-random” numbers.

Lesson Background 

Simulation is the process of designing a model of a real system and conducting experiments with this model for the purpose of understanding the behavior of the system.  

Finding a solution to a problem through mathematical formulations can become a very complex and extensive task.  A good way to approximate the solution of some of these problems is through the Monte Carlo methodology.  A Monte Carlo simulation is a stochastic technique used to solve complex mathematical problems.  “Stochastic” means that it uses probability statistics and random numbers to obtain an answer.  “Random” means that every possible outcome has an equal opportunity of occurring.  “Pseudo-random” numbers are numbers generated by a deterministic process.  Computers generate “pseudo-random” numbers because they use an algorithm for the selection of the numbers.  Anyone with knowledge of the behavior of the algorithm can predict the results.  

Monte Carlo methods randomly select values to create scenarios of a problem. These values are taken from within a fixed range and selected to fit a probability distribution.  This is like rolling a dice. The outcome is always within the range of 1 to 6 and it follows a linear distribution - there is an equal opportunity for any number to be the outcome.

Terms

​Stochastic:

Involving or containing a random variable or variables: stochastic calculus. 

Involving chance or probability: a stochastic stimulation.
Random:

Having no specific pattern, purpose, or objective: random movements.

Of or relating to a type of circumstance or event that is described by a probability distribution. 

Of or relating to an event in which all outcomes are equally likely, as in the testing of a blood sample for the presence of a substance. 

Pseudo-random:

Of, relating to, or being random numbers generated by a definite, nonrandom computational process.

Math Skills

Data Analysis

Probability

Statistics

Science Skills

Observing

Investigating

Recording

Graphing

Interpretation

Materials 

1 Picture Sheet 

1 Sheet of “Random Generated Numbers”

1 Data Sheet

Pencil

Calculator

Lesson 1: Pre-lab to Monte Carlo

Objective:


To introduce probability and statistics to students that have not previously been exposed to such material by calculating the probability of rolling a number on a number cube.

Materials:

· Number Cube or Dice (one for each student)

· Graph Paper 

· Pencil and Eraser

· 1 Big Graph (to represent the class’ results)

Activity:

1. Pass out graphing paper to students, and go over how to label their charts and record their results.

· Note:  For this activity the students are going to plot the number rolled vs. the number of times rolled. (See Figure 1)

	Number

Of

Times

Rolled
	6
	
	
	
	
	
	

	
	5
	
	
	
	
	
	

	
	4
	
	
	
	
	
	

	
	3
	
	
	
	
	
	

	
	2
	
	
	
	
	
	

	
	1
	
	
	
	
	
	

	
	
	1
	2
	3
	4
	5
	6

	Number Rolled


Figure 1:  Example chart of results.

2. Pass out the number cubes or dice, and instruct the students to record 15-20 rolls (make sure that every student records the same amount of rolls).

3. Once the students complete their rolls, have them make a tally table to interpret the results of the their charts.  (See Figure 2)

	5.1 Number
	5.2 Tally

	1
	||||

	2
	|||

	3
	||||

	4
	||

	5
	||||

	6
	|||





Figure 2:  Example Tally Table

4. Now that the students have recorded and tallied their results, either the instructor or the students record the students’ results on the big graph.

5. At the top of each column write the total number of times that particular number was rolled, and also record the total number of rolls in the class. (See Figure 3)

· Note:  The columns should be relatively close in height.
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     Figure 3:  Example of the Big Graph

6. Extrapolate probability and statistics from Data. 

· Probability of Rolling a 1 = ( # of times “1” is rolled)/(total # of rolls)
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In this simulation activity you will be using random numbers to estimate the area under an irregular figure.

DIRECTIONS

1. Look at the Picture Sheet and calculate the area of the entire square and write it in the Data Sheet.

2. Read a random number from the list of “Random Generated Numbers” located at the bottom of the Data Sheet.

3. Locate the number in the Picture Sheet and see if it is colored or not.

4. If it is colored, mark it as a Y in the Data Sheet; otherwise mark it as a N.

5. Repeat steps 3 through 5 (do 25 repetitions).
6. Approximate the area of the irregular figure with the following         formula:
Area of Irregular Figure =  
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7. Compare your results with other groups.
8. Repeat steps 3 through 5 for another 25 repetitions (50 in total)
10. Complete the Data Sheet up to Trial Number 50 and     

     approximate the area of the irregular figure again. 

Picture Sheet(The Square)
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DATA SHEET
Area of entire square is ___________ft2
Area of Irregular Figure =  
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	Trial Number
	Y
	N

	1
	 
	 

	2
	 
	 

	3
	 
	 

	4
	 
	 

	5
	 
	 

	6
	 
	 

	7
	 
	 

	8
	 
	 

	9
	 
	 

	10
	 
	 

	11
	 
	 

	12
	 
	 

	13
	 
	 

	14
	 
	 

	15
	 
	 

	16
	 
	 

	17
	 
	 

	18
	 
	 

	19
	 
	 

	20
	 
	 

	21
	 
	 

	22
	 
	 

	23
	 
	 

	24
	 
	 

	25
	 
	 

	SUB TOTAL
	
	


1st Calculation:

Area of irregular figure is: _______ ft2
	Trial Number
	Y
	N

	26
	
	

	27
	
	

	28
	
	

	29
	
	

	30
	
	

	31
	
	

	32
	
	

	33
	
	

	34
	
	

	35
	
	

	36
	
	

	37
	
	

	38
	
	

	39
	
	

	40
	
	

	41
	
	

	42
	
	

	43
	
	

	44
	
	

	45
	
	

	46
	
	

	47
	
	

	48
	
	

	49
	
	

	50
	
	

	TOTAL
	
	


2nd Calculation:

Area of irregular figure is: _______ ft2
	 
	 
	 
	 
	 

	71
	91
	30
	106
	128

	144
	197
	22
	160
	83

	281
	138
	227
	1
	38

	303
	49
	67
	230
	295

	159
	42
	1
	196
	313

	308
	136
	166
	196
	266

	195
	207
	119
	119
	253

	85
	183
	195
	209
	167

	8
	320
	59
	113
	273

	135
	242
	216
	187
	174

	205
	302
	269
	24
	264

	25
	43
	156
	22
	276

	319
	131
	3
	132
	247

	67
	171
	193
	31
	112

	96
	213
	228
	296
	41


[image: image16.png]GAFF-HEADED SLOOP
OUTBOARD RiG





Some Questions

1. Compare the difference in results between using 25 trials and 50 trials.

2. If there is a difference in result between using 25 trails and 50 trails why do you think that difference exist?

3. What type of simulation is the Monte Carlo simulation?

 Module:  Simulation

Topic: 

Benchmark/Lesson: 

Lesson 2: Physical Simulation of Sailboats

Objective

Students will use simple materials to make models of sailboats.  The built sailboats must stay upright and sail straight in a testing tank.  Students will test their own sailboat designs and graph the results to determine the best design in terms of speed and how well does the sailboat sails straight.  The class will also work together as a group to make a testing tank using simple materials. Since the tank is large and filled with water, it should be made outdoors. The sailboats will be designed to sail the length of the testing tank. A fan can be used to propel the boats if necessary. The testing tank is about ten feet long and about two feet wide. 
Lesson Background 

Simulation is the process of designing a model of a real system and conducting experiments with this model for the purpose of understanding the behavior of the system.  Simulation can be very effective when comparing different designs.  The term “physical simulation” is given when a system is simulated by constructing a miniature design of the real system.  

The main idea of conducting a simulation study is to analyze a system by varying different characteristics of it in order to interpret the results and arrive to conclusions.  A “physical simulation” of sailboats’ performance is a lot less expensive than trying the real experiment with real sailboats.

Math Skills

Data Analysis

Science Skills

Observing

Investigating

Recording

Graphing

Interpretation

Materials 

1/2 gallon cardboard milk cartons cut in half from top to bottom so each half has a "bow" like a boat. The "bow" will need to be stapled shut.

2 straws for the mast

1/4 pound stick of Crayola non-hardening modeling clay to support the masts and needed for ballast

About 5 cardboard boxes approximately 2 feet wide by 2 feet long for building the tank (one tank per class)

1 sheet of construction paper for sails

1 marker (any color)

1 pair of scissors

1 stapler 

Glue

Uniform sized weights for carrying capacity (5, 10, 15, 20 grams)

10 feet roll of black plastic

Electric or battery powered fan

Stop watch
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Engaging Question

1. What is process for conducting a simulation study?

2. Is simulation appropriate for this experiment?

Student Pre-lab Activity 

1. Ask students to suggest some considerations and goals for sailboat design (speed, stability, capacity). 

2. Introduce students to a variety of sailboat and sailing ship designs using books, magazines, and the internet. 
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Students will use simple materials to make models of sailboats.  The built sailboats must stay upright and sail straight in a testing tank.  Students will test their own sailboat designs and graph the results to determine the best design in terms of speed and how well does the sailboat sails straight.  The class will also work together as a group to make a testing tank using simple materials. 

Simulation is the process of designing a model of a real system and conducting experiments with this model for the purpose of understanding the behavior of the system.  Simulation can be very effective when comparing different designs.  The term “physical simulation” is given when a system is simulated by constructing a miniature design of the real system.  

The main idea of conducting a simulation study is to analyze a system by varying different characteristics of it in order to interpret the results and arrive to conclusions.  A “physical simulation” of sailboats’ performance is a lot less expensive than trying the real experiment with real sailboats.
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DIRECTIONS

Building the Testing Tank:
NOTE: It is best to set up the tank outside the building, but it may be possible to have it inside. Handling the water in and out of the tank can be difficult. Using the fan is optional, since the slightest breeze can sometimes be enough to propel the boats.

1. For all but two of the boxes, cut opposite ends out of the boxes. 

2. For the remaining two boxes, cut only one end out. These boxes form the ends of the tank. 

3. Cut the sides down to about 4 inches. 

4. Put the boxes end to end, overlapping the ends. Support the boxes with books or large rocks where needed to withstand the pressure of the water when the tank is filled. 

5. Lay the black plastic over the boxes. 

6. Fill the tank with water. 

Activity 

9.          Divide students up into groups of four or five.
10. Have students use a half of a milk carton, or other materials, for the hull of the boat. The shape of the hull makes a   large difference in how a boat sails. They may decorate the hull if desired. 

11. The boat's hull may include the following compartments: dog house (where the navigation equipment is), galley (kitchen and dining area), and cabin (for captain's quarters).  Students may decorate the inside of the sailboats by adding more compartments.

12. Each boat must have at least three sails, which the students design and decorate. 

13. Attach the sails to the masts, and attach the masts to the hull, making sure they all stay upright. Attaching some string (stays) may help to hold the masts up. Students may want to design their boats so that the sails can be adjusted to control the effect the wind has on the sails and the direction the boat sails. 

14. In the testing tank, each boat will sail with a "following wind and following sea," and must sail straight without running into the shore or sinking. 

15. Add weight to the sailboat and test it in the tank.

16. Measure the distance, record the time, and calculate the speed the boat sailed (speed = distance/time) with the applied weight.  Note how straight it sailed. 

17. Write data to the Data Sheet.

18. Each boat will have a maximum of five trials to determine how much weight it can carry while still sailing at least six feet. 

19. If a boat does not make it to the finish line (6 feet), then the students should record the speed and distance sailed before the boat hits the side of the tank. They should also record the amount of weight the boat carried. 
20. Repeat steps 13 to 17 at least one more time, changing the design of your boat (change the arrangement of the sails, etc.).  
21. Make the following graphs for different designs: 
a. weight vs. time
b. weight vs. distance
http://www.sea.edu/k12lessonplans/k12MadeToSail.htm

Boat Designs





Data Sheet

	Trial Number
	Distance Traveled 

(ft)
	Weight 

(g)
	Time 

(sec)

	1.a
	
	
	

	1.b
	
	
	

	Average:
	
	
	


	Trial Number
	Distance Traveled 

(ft)
	Weight 

(g)
	Time 

(sec)

	2.a
	
	
	

	2.b
	
	
	

	Average:
	
	
	


	Trial Number
	Distance Traveled 

(ft)
	Weight 

(g)
	Time 

(sec)

	3.a
	
	
	

	3.b
	
	
	

	Average:
	
	
	


	Trial Number
	Distance Traveled 

(ft)
	Weight 

(g)
	Time 

(sec)

	4.a
	
	
	

	4.b
	
	
	

	Average:
	
	
	


	Trial Number
	Distance Traveled 

(ft)
	Weight 

(g)
	Time 

(sec)

	5.a
	
	
	

	5.b
	
	
	

	Average:
	
	
	


Graph Distance vs. Weight 
Post Lab Activity

Have the students give a written and/or oral report on the results, including suggestions for improvements or modifications.

Drawing Conclusions/Discussion Questions

Discuss observations recorded for different designs.

Other topics that could be covered

Hull’s structural behavior, wind properties, force, and buoyancy.
Module:  Simulation

Topic:     Projectile Motion Simulation

This activity utilizes the Java Applet Java Cannon from the University of    Oregon Virtual Laborotory.

Benchmark/Lesson: 

Lesson 3:  The Canon: Projectile Motion Simulation [13]

Objective

The objective of this lesson is for students to utilize a Java applet to experiment with projectile motion. Students will analyze and collect data on the simulation, then draw conclusions on the effects on the projectile of velocity, gravity, wind resistance, and the density of the projectile. Students will understand the need for a controlled experiment and that only one variable at a time should be investigated. 

Lesson Terms

All definitions are courtesy of Dictionary.com

Control

A standard of comparison for checking or verifying the results of an experiment; An individual or group used as a standard of comparison in a control experiment.

Density

The mass per unit volume of a substance under specified conditions of pressure and temperature.

Gravity

The natural force of attraction exerted by a celestial body, such as Earth, upon objects at or near its surface, tending to draw them toward the center of the body. 


The natural force of attraction between any two massive bodies, which is directly proportional to the product of their masses and inversely proportional to the square of the distance between them.

Projectile

A fired, thrown, or otherwise propelled object, such as a bullet, having no capacity for self-propulsion.

Simulation

Imitation or representation, as of a potential situation or in experimental testing; Representation of the operation or features of one process or system through the use of another: computer simulation of an in-flight emergency.
Velocity 

A vector quantity whose magnitude is a body's speed and whose direction is the 
body's direction of motion.

Velocity is the speed of an object in a certain direction. When direction changes velocity changes.

Windage

The effect of wind on the course of a projectile.

Materials

Students will need a computer connected to the internet running Netscape 3.0 or higher or Internet Explorer 3.0 or higher. 

Each computer needs to have the Java Cannon loaded. 

Each student should have paper to create data tables to record information from the simulation/experiment. 

Timespan

Approximately 1-2 class periods.


In this simulation activity you will be shooting a cannon and hitting a target.  You will be changing some of the variables of the simulation to see if your results change.

DIRECTIONS

TRIAL 1

1. Click on the SHOOT button.  Notice what it does.

2. Click on the MORE button.  Notice what is does.

3. Set up the variables like this:

	Angle is 60
	Velocity is 16
	Gravity is -9.8

	Windage is 0
	Density is 1.1
	Drag is NOT checked


4. Record the velocity in the FIRE 1 velocity space.

5. Click SHOOT.  Record the distance in the FIRE 1 distance space.

6. Record Y if you hit the target or N if you did not in the FIRE 1 Y/N space.

7. Change only the VELOCITY to try to hit the target.  Each time, write the velocity you entered and the distance the shot fired.  Also, don’t forget to circle Y or N if you did or did not hit the target.  Do this for FIRE 2, FIRE 3, FIRE 4, and so on until you get a hit.

	
	Velocity
	Distance
	Hit

	FIRE 1
	
	
	Y   /   N

	FIRE 2
	
	
	Y   /   N

	FIRE 3
	
	
	Y   /   N

	FIRE 4
	
	
	Y   /   N

	FIRE 5
	
	
	Y   /   N

	FIRE 6
	
	
	Y   /   N



TRIAL 2

8. Now, let’s change something.  Set up the variables like this:

	Angle is 60
	Velocity is 16
	Gravity is -14

	Windage is 0
	Density is 1.1
	Drag is NOT checked


9. What did we change from the first trial?

10. Record the velocity in the FIRE 1 velocity space.

11. Click SHOOT.  Record the distance in the FIRE 1 distance space.

12. Record Y if you hit the target or N if you did not in the FIRE 1 Y/N space.

13. Change only the VELOCITY to try to hit the target.  Each time, write the velocity you entered and the distance the shot fired.  Also, don’t forget to circle Y or N if you did or did not hit the target.  Do this for FIRE 2, FIRE 3, FIRE 4, and so on until you get a hit.

	
	Velocity
	Distance
	Hit

	FIRE 1
	
	
	Y   /   N

	FIRE 2
	
	
	Y   /   N

	FIRE 3
	
	
	Y   /   N

	FIRE 4
	
	
	Y   /   N

	FIRE 5
	
	
	Y   /   N

	FIRE 6
	
	
	Y   /   N


TRIAL 3

14. Now, let’s change something.  Set up the variables like this:

	Angle is 60
	Velocity is 16
	Gravity is -20

	Windage is 0
	Density is 1.1
	Drag is NOT checked


15. What did we change from the second trial?

16. Record the velocity in the FIRE 1 velocity space.

17. Click SHOOT.  Record the distance in the FIRE 1 distance space.

18. Record Y if you hit the target or N if you did not in the FIRE 1 Y/N space.

19. Change only the VELOCITY to try to hit the target.  Each time, write the velocity you entered and the distance the shot fired.  Also, don’t forget to circle Y or N if you did or did not hit the target.  Do this for FIRE 2, FIRE 3, FIRE 4, and so on until you get a hit.

	
	Velocity
	Distance
	Hit

	FIRE 1
	
	
	Y   /   N

	FIRE 2
	
	
	Y   /   N

	FIRE 3
	
	
	Y   /   N

	FIRE 4
	
	
	Y   /   N

	FIRE 5
	
	
	Y   /   N

	FIRE 6
	
	
	Y   /   N


Now let’s graph our HITS!

In the space below graph the gravity vs velocity of the HITS in the three trials. Don’t forget the title.


Some Questions

1.
What variables did we change?  
2.
What variables remained the same?

3.
What did you notice that gravity did to the velocity of the ball that the cannon fired?

4. What did you find interesting about this simulation?


Additional Experiment

Following the same format as the procedures mentioned above,   the students can experiment with how the density of the object affects it’s motion towards the target.  For this experiment windage, gravity, and angle are constants through out the procedure. The Drag box must remain checked.   Just as gravity was adjusted in Procedure 1, Density can be set to a unique designated value for each of the three trials.  The students will adjust the velocity throughout each trial until the target is hit.  The students can then create a graph for density vs velocity, and draw conclusion from that data.

Importance of Simulation

Simulating projectile motion allows us to more easily study how the projectile interacts with other forces in the environment.  Using a computer to simulate a change in gravity with the purpose of watching how that change affects the motion of the projectile is more feasible than actually changing gravity.  Simulations allow us to investigate situations or events that are often difficult to create and recreate.
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Lesson 2:  
MODEL Smart [12]

“ModelSmart enables students to interactively design balsa wood and basswood models of bridges, cranes, towers, and all kinds of structural systems on the computer!  Model Smart then analyzes the model, gives numerical results, anf simulates the results showing a deflected shape or collapse.  Students can explore structural design idea before they begin building with real materials!  Designed to introduce middle school and high school students to basic engineering concepts and reiforce math and science skills.”
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