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When Jamie Hyneman and I speak at teacher conventions, we always draw a grateful crowd. They tell us Thursday mornings are productive because students see us doing hands-on science Wednesday nights on our show MythBusters, and they want to talk about it. These teachers are so dedicated, but they have difficulty teaching for the standardized tests they’re given with the budgets they’re not given. Its one reason the U.S. is falling behind other countries in science: By 2010, Asia will have 90 percent of the world’s Ph.D. scientists and engineers. We’re not teachers, but our show has taught us a lot about how to get people interested in science. Here are three humble suggestions that might help reinvigorate American science education. 

1. Let students get their hands dirty.

It’s really difficult to absorb things just by being told about them—I know I don’t learn well that way. If students could get their hands dirty in science class they’d be more likely to internalize information. You can lecture about the surface tension of water, but it’s not as effective as conducting an experiment with a needle and a single beam balance. Jamie and I are in touch with a lot of teachers from industrial engineering programs, and one of them told us he thinks our show has helped shift the emphasis from the strictly theoretical to a more hands-on approach. (For an example of kids doing down-and-dirty engineering, http://www.popularmechanics.com/science/robotics/4279827.html.) 

2. Yes, spend more money on science.

We like to do things on the cheap at MythBusters, and we often find the most elegant solution is also the least expensive. But we still need significant resources. It drives me crazy that one of the first things to go when educational budgets get slashed is science supplies for kids to play with, so students end up just listening to explanations of scientific concepts. MythBusters is not a show where two guys read about stuff—its two guys doing stuff. When we need a valve to fire a baseball at nearly the speed of sound, we get it. Most of my friends who are grade school teachers pay for their own supplies. People say, “You can’t just throw money at the problem.” By all means throw money at the problem! Learning science by experi​mentation yields innovation, inspiration, intuition and fascination. 

3. Celebrate mistakes.

A good scientist will tell you that being wrong can be just as interesting as being right. The same holds for our show. We love hearing from fans who challenge our conclusions—especially kids. We gave a talk at the Uni​versity of Florida, and a 12-year-old girl asked us why, when we tested whether elephants are afraid of mice, we only used white mice. She was right; we should have tested different colored ones. For our fuel-efficiency myth, windows versus a/c, we drove two cars at 45 mph until they ran out of gas; our data showed that driving with the windows open was more efficient. But a fan pointed out that over a certain speed, open windows create so much drag that a/c is more efficient. We repeated the test at 55 mph—and the fan was right. Kids need to know that teachers and textbooks don’t have all the answers—and that’s okay. Sometimes, even a failed experiment can be a good learning experience. 

Episode: Cooling a Six Pack
Myth: Soldiers in Vietnam cooled six packs by burying them in sand, dousing the sand in gasoline and lighting it on fire.
Topics of Discussion

-Changing of state

-Evaporation as a cooling process

-Chemical energy

-Freezing point depression

Classroom Integration Suggestions

-Changing of State Lab (Boiling)
-Changing of State Lab (Freezing)

-Freezing Point Depression Lab

Changing Of State Lab 

Objective: To examine the role of energy during the changing of state of water.
Materials

Hot Plate

Tongs


Stopwatch

Goggles

Ice

Small Beaker

Thermometer

Procedure

1)  With your group move to a desk with a hot plate.

2)  Obtain your materials.

3)  Fill your beaker with ice.

4)  Place the beaker on the hot plate.

5)  Take the temperature of the ice in the beaker.  To do this, insert the thermometer about halfway down into the ice.  Do not let it touch the bottom of the beaker.  Record this temperature.

6)  Turn the hot plate on high.  WARNING: These hot plates get EXTREMELY hot!!  Do not touch the surface of the plate.

7)  Every 30 seconds take the temperature of your water.  Record this in your data table.  Stop recording temperatures 3 minutes after the water begins to boil.

8)  Indicate on your data table where all the ice completely melted.  Also indicate when the water starts to boil.

9)  Turn off your hot plate.  Remove your beaker from the hotplate using hot gloves or tongs and allow it to cool.
10)  Make a line graph of the data from your table.  Plot temperature versus time on the graph.  Be sure to label the axes and title your graph.  Indicate on your graph when melting is complete and when boiling begins.  Make sure your graph is NEAT!!

Pre-Lab Questions
What is the relationship between kinetic energy and temperature?
Describe how particles move in a solid.__________________________________

Describe how particles move in a liquid: _________________________________

Describe how particles move in a gas: __________________________________
What is the freezing point of water on the Celsius scale?_____ boiling point? ______
In terms of energy how do you make something melt?  How do you make something freeze?
Data
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Conclusions

Staple your graph to this sheet.

1) What happens to the temperature as the ice is melting? 

________________________________________________________________________
2) What happens to the temperature once the water starts boiling?
__________________________________________________ _____________________

3) Describe in terms of kinetic energy what is happening to the molecules as the temperature of the water increases.

________________________________________________________________________________________________________________________________________________

4) Compare the kinetic energies of a water molecule in a solid, in a liquid and in a gas.

________________________________________________________________________________________________________________________________________________

5) Describe the path of energy and energy transformations from the electric outlet to the ice.

________________________________________________________________________________________________________________________________________________

6) If the energy from the hotplate is not causing the temperature to increase during the phase change, where is this energy going?

________________________________________________________________________

Changing of State Lab: Freezing

Objective: To determine what happens to the temperature of water as it freezes

Materials

Test Tube

400 mL Beaker

Thermometer

Ring Stand

Ice


Graduated Cylinder

Clamp


Salt

Water


Spoon

Procedure

1) Fill a 400 mL beaker 1/3 full with ice, then add 100 mL of water.

2) Put 5 mL of water into a test tube and use a clamp to fasten the test tube to a ring stand.  The tube should be clamped above the water bath.  Place the thermometer into the water inside the tube.

3) Lower the test tube into the ice water bath.

4) Soon after lowering the test tube, add 5 spoonfuls of salt to the beaker and stir with a spoon.  Continue to stir the water bath during the experiment.

5) Slightly move the thermometer during the first ten minutes of the experiment.  Keep the thermometer in the ice as it forms, not above the ice.  When 10 minutes have passed stop moving the probe and allow it to freeze into the ice.  Add more ice cubes to the water bath as the original ice cubes get smaller.

6) When 15 minutes have passed, stop collecting data.

Analysis

Make a graph of temperature vs. time

1) What happens to the temperature of the water as it begins to freeze?

2) Where is the energy in the water going as it freezes?

3)  Why is the ice in the water bath melting, while the ice in the test tube freezes?
Episode: Salsa Escape

Myth: Convicts in Mexico escaped their prison cell by using salsa to corrode the bars away.

Topics of Discussion


-Reactivity of metals with acid


-Strength of acids (pH)

Classroom Integration Suggestions

-Salsa Heat Lab

-Salsa Ingredient Lab

-Acid pH Lab
“Salsa Escape”

Lab One: 

Objective: To determine if the “hotness” of salsa affects the rate at which it corrodes metal.

Materials

Several Salsas of differing “heats” (mild, medium, hot) preferably these should be of the same brand to eliminate extra variables

Metal samples: just one metal could be tested or multiple metals, suggested metals: zinc, copper, magnesium, iron

Spoons

Steel Wool

Beakers or Jars

Balance

Magnifying Glass

Procedure

1) Obtain a small sample of a metal.  Use a piece of steel wool to rub any coating off the metal.  Find the mass of the metal on the balance.  Record this mass.

2) Place the metal into a small beaker.  Cover the metal with a spoonful of salsa.

3) Repeat steps one and two with the same type of metal for the other types of salsa.

4) Place the beakers on a hot plate for 20 minutes or allow them to sit in a warm place for a week.

5) Once the metal has been exposed to the salsa for the predetermined amount of time, remove the metal from the salsa.

6) Rinse the metal with water and pat dry.

7) Weigh the dry metal.

8) Find the percent difference between the initial piece of metal and the final mass of the metal.  Also look at the metal for observable differences in its appearance.

Salsa Escape

Lab Two

Objective: To determine which ingredient in salsa is the biggest contributor to the corrosion of metal.

Materials

Tomatoes

Green/Red/Yellow Peppers

Onions

Jalapeno Peppers

Salsa Mix

Salt

Blender or Food Processor

Beakers

Metal Samples

Balance

Procedure

1) Prepare the different ingredients for the test by pureeing them individually in the food processor.  Dilute the salsa mix and salt to the recipe specifications (i.e. if the mix is for one gallon of salsa, dilute the mix with one gallon of water)

2) Obtain as many metal samples as needed to test each ingredient individually.  This could be done several ways.   The entire class could test one metal and each group would test all ingredients.  One group could test all ingredients on one metal (each group having a different metal) or one group could test multiple metals in the same ingredient (each group having a different ingredient).

3) Weigh each piece of metal and record this number.

4) Place each piece in a separate beaker and cover each piece with an ingredient.

5) Heat the beakers gently or allow to sit for a week.

6) After the metals have been exposed to the ingredients for the predetermined time, remove the metal from the beakers and reweigh.

7) Rinse the metal pieces and pat dry.

8) Reweigh the metal pieces.

9) Find the percent change in mass for the metals; also observe for any visual changes.

Salsa Escape

Lab Three

Objective: To determine how the pH of salsa relates to its ability to corrode metal.  Also to determine if the pH of salsa is related to the advertised “hotness” of a salsa.

Materials

Various Salsas

Metal Samples

pH Strips

Balance

Beakers
Procedure

1) Obtain a sample of each of the different salsas.  Test the pH of each salsa individually.
2) Obtain a small sample of a metal.  Use a piece of steel wool to rub any coating off the metal.  Find the mass of the metal on the balance.  Record this mass.

3) Place the metal into a small beaker.  Cover the metal with a spoonful of salsa.

4) Repeat steps one and two with the same type of metal for the other types of salsa.

5) Place the beakers on a hot plate for 20 minutes or allow them to sit in a warm place for a week.

6) Once the metal has been exposed to the salsa for the predetermined amount of time, remove the metal from the salsa.

7) Rinse the metal with water and pat dry.

8) Weigh the dry metal.

9) Find the percent difference between the initial piece of metal and the final mass of the metal.  Also look at the metal for observable differences in its appearance.

Episode: Coke & Mentos

The Mythbusters test which ingredients in Diet Coke & Mentos contribute to the fountain effect.
Topics of Discussion


-Pressure

-Nucleation sites

Classroom Integration Suggestions

-Pressure Lab

-Various Scientific Method Labs

a. Have students test if different kinds of soda create the same effect

b. Have students test different kinds of candy or other objects

Coke, Mentos, & Pressure, Oh My!

Diet Coke and Mentos can provide a moment of good fun, but can also provide a lot of (fun) physics calculations.  We will use a series of calculations to figure the amount of pressure in the Diet Coke bottle right before the explosion occurs.  

1) Measure the diameter of a soda bottle.  This is fairly uniform among all 2 L soda bottles.  

2) Use the diameter to calculate the area of the opening.

3) Measure the mass of a full soda bottle.

4) Outside and against a measuring device, drop one Mentos into a bottle of Coke and RUN!!

5) Observe how high the stream of cola reaches on the measuring device.  Record this number to the nearest tenth of a meter.

6) After the explosion has stopped, retrieve your soda bottle and wipe it off.

7) Reweigh your soda bottle.

8) Determine the mass of soda & gas that was lost in the explosion.

9) Use projectile motion equations to find the velocity of the soda as it left the bottle.

10) Measure the height of your soda bottle.

11) Divide the distance in step 10 by two.  This will give us an average distance over which the acceleration of the soda occurred.

12) Use the distance in step 10 and constant acceleration equations to find the average acceleration of the soda.

13) Now use the mass of the soda lost and the acceleration of the soda to find the force of the soda leaving the bottle.

14) Use the force calculated in step 13 and the area calculated in step 2 to determine the pressure of the soda as it leaves the bottle.

	Quantity
	Equation Used
	Answer

	1.Diameter of Bottle Opening
	
	

	2. Area of Opening
	
	

	3. Mass of Full 2 Liter
	
	

	4. Height Reached by Soda
	
	

	5. Mass of Soda after Explosion
	
	

	6. Mass of Soda “Lost”
	
	

	7. Velocity of Soda as it left bottle
	
	

	8. Height of Soda Bottle
	
	

	9. Half of Bottle Height
	
	

	10. Acceleration of Soda
	
	

	11. Force of Soda
	
	

	12. Pressure of Soda
	
	


Show your work for quantities 2, 7, 10, 11, & 12

Teacher Notes: Coke, Mentos, & Pressure, Oh My!

All of the calculations above are approximations.  The equations used make heavy use of averages and assumptions.  This does not invalidate the results.  After the students have determined the pressure, the probability of this pressure being reasonable is a good point of discussion.

Explanation and suggested equations for each step:

	1.Diameter of Bottle Opening
	This is a direct measurement and should be in meters.

	2. Area of Opening
	The diameter should be divided by 2 (for the radius).  A=πr2

	3. Mass of Full 2 Liter
	This initial mass is needed so later the mass lost can be determined.

	4. Height Reached by Soda
	This is a direct measurement taken from video or photo.  This measurement should be in meters

	5. Mass of Soda after Explosion
	Subtract the mass of the soda after the explosion from the initial mass of the soda.  This will tell us how much mass is lost.  We will assume that this was the only mass that was accelerated and use this mass in the force equation.

	6. Mass of Soda “Lost”
	

	7. Velocity of Soda as it left bottle
	The soda is in free fall.  The velocity at the top of its path (final velocity) reaches zero.  The acceleration is -9.8 m/s2.  Using these known quantities, the maximum height reached by the soda and the equation: vf2=vi2+2ax, the initial velocity can be determined.

	8. Height of Soda Bottle
	These are measured to help determine the acceleration of the soda while still in the bottle.  It is assumed that some soda left from the bottom of the bottle while soda from the top also left.  Using the halfway point gives us and average distance over which the soda accelerated.

	9. Half of Bottle Height
	

	10. Acceleration of Soda
	Assume the soda started at rest in the bottle and reached the velocity determined in #7.  Using these numbers, half the height of the bottle, and the equation: vf2=vi2+2ax, the acceleration of the soda can be determined.

	11. Force of Soda
	Use F=ma.  Assume only the soda that left the bottle was accelerated.

	12. Pressure of Soda
	P=F/A It will be assumed the force was exerted on an area the size of the opening of the bottle.


Episode: Jet Assisted Chevy
Myth: Drinking Coke and Eating Pop Rocks will make your stomach explode
Topics of Discussion

-Conservation of Mass

-Scientific Method
Classroom Integration Suggestions
-Gas Has Mass Lab

-Scientific Method Labs

a. Test various sodas and pop rocks, determine the quantities of gas given off by each combination

b. Place pop rocks and soda in balloons; determine if combination can burst balloon.

Gas Has Mass

Objective: To determine what happens to the mass of the reactants during a physical change

Materials

Pop Rocks

Soda

Balloons

Balance

Flask or Bottle

Procedure

1) Place some pop rocks into a balloon.
2) Pour some soda into a flask.

3) Twist the top of the balloon closed and carefully stretch the balloon over the flask.  Do not allow the pop rocks to fall into the flask yet.

4) Weigh the entire flask/balloon apparatus.  Record this mass.

5) Untwist the balloon and allow the pop rocks to fall into the soda.

6) Observe the reaction for several minutes.

7) Reweigh the entire apparatus.
Episode: Ping Pong Rescue

Myth: A Donald Duck cartoon shows a sunken ship being raised using only ping pong balls.  A toddler can be lifted by a bunch of balloons.
Topics of Discussion

-Buoyancy


-Density

Classroom Integration Suggestions


-Calculate the density of ping pong balls


-Use ping pong balls to “rescue” masses from the bottom of 

a bucket of water.  Have students calculate the number of 

balls needed to raise a given mass.

-Calculate the buoyant force exerted by one helium balloon.  Mathematically determine how many balloons it would take to lift each student.

Episode: Cell Phones on Planes

Myth: A person can float on a raft filled with helium

Topics of Discussion

-Buoyant Force

Classroom Integration Suggestions


-Using the numbers provided in the episode, calculate the 

volume of helium needed to make a Mythbuster float.  (Do this before viewing)

Episode: Barrel of Bricks

Myth: A construction worker took an unexpected ride on a rope attached to a barrel of bricks.

Topics of Discussion

-Force, Mass & Acceleration


-Net Force


-Free Body Diagrams/ Force Diagrams

Classroom Integration Suggestions

-Use letter and questions attached to work through barrel of bricks problem

*This can be found in many versions and tailored to suit your classroom
No matter how bad your day is going, here's proof that things could be A LOT worse.

This is a bricklayer's accident report that was printed in the newsletter of the English equivalent of the Workers' Compensation Board. So here, thanks to John Sedgwick, is this Bricklayer's report. 

Dear Sir;

I am writing in response to your request for additional information in Block #3 of the accident reporting form. I put "Poor Planning" as the cause of my accident. You asked for a fuller explanation and I trust the following details will be sufficient. I am a bricklayer by trade. On the day of the accident, I was working alone on the roof of a new six-story building. When I completed my work, I found I had some bricks left over which when weighed later were found to weigh 240 lbs. Rather than carry the bricks down by hand, I decided to lower them in a barrel by using a pulley which was attached to the side of the building at the sixth floor. Securing the rope at ground level, I went up to the roof, swung the barrel out and loaded the bricks into it. Then I went down and untied the rope, holding it tightly to insure a slow descent of the 240 lbs of bricks. You will note on the accident reporting form that my weight is 135 lbs.

Due to my surprise at being jerked off the ground so suddenly, I lost my presence of mind and forgot to let go of the rope. Needless to say, I proceeded at a rapid rate up the side of the building. In the vicinity of the third floor, I met the barrel which was now proceeding downward at an equally impressive speed.  This explains the fractured skull, minor abrasions and the broken collarbone, as listed in Section 3, accident reporting form.

Slowed only slightly, I continued my rapid ascent, not stopping until the fingers of my right hand were two knuckles deep into the pulley which I mentioned in Paragraph 2 of this correspondence. Fortunately by this time I had regained my presence of mind and was able to hold tightly to the rope, in spite of the excruciating pain I was now beginning to experience.

At approximately the same time, however, the barrel of bricks hit the ground-and the bottom fell out of the barrel. Now devoid of the weight of the bricks, the barrel weighed approximately 50 lbs. I refer you again to my weight. As you might imagine, I began a rapid descent down the side of the building.  In the vicinity of the third floor, I met the barrel coming up. This accounts for the two fractured ankles, broken tooth and severe lacerations of my legs and lower body.

Here my luck began to change slightly. The encounter with the barrel seemed to slow me enough to lessen my injuries when I fell into the pile of bricks and fortunately only three vertebrae were cracked. I am sorry to report, however, as I lay there on the pile of bricks, in pain, unable to move and watching the empty barrel six stories above me, I again lost my composure and presence of mind and let go of the rope.

Sincerely,

Ima Moron

In order to do these problems, you need to know that 1 lb ≈ 4.5 N.  Convert the weights involved to Newtons.  Assume that the 6-floor building is 20 meters high.

1.
Draw a force diagram detailing the forces acting on the man and on the barrel of bricks (290 lbs).  Determine the acceleration of the system.  Hint: Find net force first, use Newton’s second to solve for a.

2.
How fast was the barrel traveling when it struck the man 1/2 way up the building?  Hints: Use acceleration from #1; use constant acceleration equations page 58 in textbook.

3.
A the bricks have fallen out, determine the new acceleration of the system.  Determine this the same way as #1 with new forces.

4.
How fast was the barrel traveling when it struck the man a 2nd time?  Do this the same as #2 but with new forces. 

5.
Once the man let go of the rope, assume that the barrel was essentially in free fall.


(Assume negligible air resistance).  How long did it take the barrel to reach the ground? (Constant acceleration equations, g=9.81 m/s2)

6.
How fast was it going when it hit the man? (Constant acceleration equations, g=9.81 m/s2)

7.
How fast would it have been going if it had been full of bricks (290 lbs, not 50 lbs)?


Explain your answer.

Episode: Exploding Toilet

Myth: You get wetter running in the rain.

Topics of Discussion

-Controls & Variables


-Scientific Method

Classroom Integration Suggestions

-Use this as an introduction to the scientific method or to reinforce the importance of controls in an experiment

Episode: Cell Phone Destroys Gas Station
Myth: A cell phone ring can ignite the fumes at a gas station
Topics of Discussion

-Conservation of Energy

-Chemical Energy

Classroom Integration Suggestions

-Use this video when teaching about conservation of energy or combustion reactions
Episode: Chicken Gun

Myth: High flying birds broke the windows of planes in flight.

Topics of Discussion

-Impulse Momentum Theorem

Classroom Integration Suggestions

-Have a class discussion about what the difference between a thawed chicken hitting a window and a frozen chicken hitting a window would be

Episode: Breakstep Bridge/ Shattering Glass/ Earthquake Machine

Myth: A group of soldiers walking in synch across a bridge can cause the bridge to vibrate to collapse. A singer’s voice can shatter glass.  A machine can be built to cause vibrations on a large scale.

Topics of Discussion

-Resonance


-Constructive & Destructive Interference

Classroom Integration Suggestions


-Use it as a discussion of resonance


-Use in combination with extended video from the Tacoma 

Narrows Bridge Collapse

-Demonstrate resonance using resonance boxes

-Demonstrate constructive interference with large (6 ft) springs)

Episode: Elevator of Death/ Levitation Machine

Myth: Can a levitation machine be built?

Topics of Discussion

-Newton’s First Law


-Net Force & Acceleration

Classroom Integration Suggestions

-Build a hover craft!!!  See included instructions.
-Use the hovercraft to demonstrate that objects in motion stay in motion or that a constant force causes acceleration

Hovercraft Instructions
Supplies

1/2” X4’ diameter circle of plywood

5’ x 5’ sheet of plastic (a shower curtain works well)

3/8” diameter carriage (or flat headed) bolt with washer & nut

Round Piece of Plastic (to protect plastic sheet from tearing)
Duct Tape

Air Blower (leaf blower works well)

Brackets & screws to attach air blower

Optional: Pipe Insulation

Instructions

1) Cut plywood into a circle with a 4 foot diameter.

2) Drill a hole in the center of the disk.

3) Sand the edges of the disk so the plastic will not be cut by the edge.  Duct tape along the edge will also help prevent this from happening.

4) Cut another hole in the disk about 1 foot from the center.  This hole will allow air to pass from the air blower to the underside of the disk.  Attach the blower with brackets to the top of the disk.

5) Cut about 8-10 holes about the size of a coffee mug into the sheet of plastic.  The holes should be placed symmetrically in a circle around the center about 1/3 of the way out.

6) Bolt the plastic sheet onto the disk using the round piece of plastic between the plastic and the bolt.  The round piece of plastic should be on the underside of the disk.  Bend the edges of the plastic sheet up over the edge of the disk, attach using staples or duct tape.

7) Optional: Use pipe insulation to further protect the edges of the plastic from tearing.  This is especially effective at protecting the plastic when the hover disc bumps into walls.
An electric leaf blower works well because it can be unplugged and stopped from a distance and doesn’t create fumes when used indoors.

Episode: Holiday Special

Myth: Just for fun the Mythbusters build an extravagant holiday themed Rube Goldberg Machine

Topics of Discussion

-Conservation of Energy


-Transformation of Energy

Classroom Integration Suggestions

-Use the game Mousetrap to explore energy transformations.  Copy the layout of the game provided and have students label each part with the energy transformation that occurs.

-Have students build their own Rube Goldberg Machines.

Energy Project

Rube Goldberg Machines

Rube Goldberg (1883-1970) was an engineer and cartoonist.  He drew many comic strips.  The series for which he became famous involved a scientist who conceived overly involved inventions.  These inventions were elaborate and involved a series of simple machines.  Contraptions resembling those from Goldberg’s comic became known as Rube Goldberg Machines.  Rube Goldberg machines are designed to perform a simple task in a VERY creative manner. 

Assignment

1) You will design a functioning Rube Goldberg Machine.

2) For this assignment you may work on your own or with one or two other people (maximum group size: 3).

3) Your machine needs to have at least 15 different steps.
4) Your machine must have at least one level change.  This means that it cannot go down the entire time.  At some point the process should move upward.
5) Task: To be determined….

6) The usage of chemicals, flame, and/or sharp objects must receive written approval.

7) In addition to creating a machine that works, each group will produce the following: a video of their machine working, a labeled diagram, and a written description of what is happening. 

Video Requirements

The video should have two parts:  Show the machine working step by step (with each step labeled) and straight through.

Select appropriate music for the background

Title & Credits


Diagram: The diagram should include all materials used and clearly labeled. 


Written Description: Describe what is happening with your machine from start to finish.  In 

this description you must include the energy transformations that occur throughout the process.

8) Each individual will turn in a journal.  This journal should include the following:

-What successes and failures did my group encounter?

-What initial ideas had to be discarded and why?

-What sort of energy transformations were easily accomplished?  Which were not so easy?

-What similarities did you see between the different groups’ machines?

-What would you do differently next time?

-How does making a Rube Goldberg machine relate to the concepts of work and energy?

Timeline

Machine Set Up, Demonstration & Videotaping: (3 Class Periods)
Video Editing: (4 In Class Days)
Videos Due: (2-4 days after in class time)

Individual Journals, Diagram, & Written Description Due: Same day or one day later than videos

	
	20
	10
	5
	0
	

	Machine Steps
	15 different steps
	10-15 different steps
	5-10 steps
	Less than 5 steps
	*One point will also be deducted for repeating the same step if it is included in the 15.

	
	
	
	
	
	

	
	10
	0
	
	
	

	Level Change
	There is at least one change of level upward
	No level change.
	
	
	

	
	 
	 
	
	
	

	
	10
	0
	
	
	

	Materials
	No unapproved materials, all materials classroom appropriate.
	Unapproved materials used.
	*Usage of unapproved materials that pose a risk to classmates will result in a larger deduction.
	

	
	 
	 
	
	
	

	
	30
	20
	0
	
	

	Successful Run
	Machine runs all the way through on three tries or less.
	Machine takes 4-5 attempts for a successful run through.
	More than 5 attempts are needed for a run through.
	*A machine that runs through on first try will receive 5 bonus points.
	

	
	 
	 
	 
	
	

	
	40
	30
	30
	10
	0

	Video
	Video runs smoothly.  Appropriate titles used.  Appropriate music in the background.  Steps labeled.  Credits with group names included.
	Missing one of the requirements listed under 20 points.
	Missing 2 of the requirements listed under 20 points.
	Missing three of the requirements under 20 points.
	No video

	
	 
	 
	 
	
	

	
	10
	5
	0
	
	

	Diagram
	Diagram neat and labeled.
	Diagram somewhat sloppy, but labeled.
	Diagram missing or sloppy.
	
	

	
	
	
	
	
	

	
	15
	10
	5
	0
	

	Written Description
	Easily understood explanation of process.  Energy transformations are identified and explained properly
	Explanation well written; transformations identified, but 1-2 are not applied/ explained properly.
	Description provided, but lacks detail.  Energy transformations identified several errors in identification.
	Description missing or weak.  Energy transformations missing.
	

	
	 
	 
	 
	
	

	
	15
	10
	5
	0
	

	Individual Journal
	Meaningful reflection on project.  Ideas of work and energy are addressed.  Successes and failures commented on.
	Reflection of project.  Addresses ideas of work and energy.  Successes and failures mentioned.
	Addresses ideas of work and energy, little other meaningful reflection.
	No journal, missing ideas about work and energy.
	


Episode: Baseball Myths

Myth: A baseball can curve up

Topics of Discussion

-Fluid Dynamics: Bernoulli’s Principle


-Physics of Sports

Classroom Integration Suggestions

-Use in conjunction with teaching Bernoulli’s Principle in a fluid dynamics section or when teaching a physics of sports unit.

Episode: Steam Cannon

Myth: There is more nutrition in a cereal box than in the cereal itself.

Topics of Discussion


-Calories


-Nutrition

Classroom Integration Suggestions

-How Many Calories Lab?  Modify this to use cereal and cardboard

-Look at different cereals for the nutrition content and compare

How Many Calories are in Food?

Objective

To use knowledge of specific heat, the law of conservation of energy and energy transfer to calculate the number of calories in a food product.

Background Knowledge

specific heat-

How much energy is required to raise one kilogram of water one degree Celsius?

How are joules and calories related?

What is the equation for specific heat?

What is the mass of 100 mL of water?  How do you know?

Materials

Pop Can

Thermometer

Ring Stand

Playdoh

100 mL (g) Water
Candle

Graduated Cylinder
Foil

Food Sample

Paper Clips (2)

Procedure

1)  Put 100 mL of water into the pop can. 

2)  Weigh your food and foil.

3) Assemble your apparatus like the one in the front of the room. Your pop can should be suspended by its tab from the ring stand.  The food should be stuck onto the paperclip.  You can stabilize the paperclip holding the food with playdoh.  Everything should be over a piece of foil to catch the ashes.

4)  Take the temperature of the water.

5)  Light your candle.

6)  Light the food on fire.  Keep the candle away from the soda can.

7)  Allow the food to burn completely.  If it burns out and is not completely burned, relight it with the candle.

8)  Once the food has burned to ashes take the temperature of the water.

9)  Weigh the food and foil again.

Data

Type of Food:__________________

Water Initial Temperature (°C): ___________

Water Final Temperature (°C): ____________

Calculations

To calculate the number of calories in your food, use the following equation:

mass of water x change in water temperature x 1calorie/gram x degree Celsius





mΔTc

This will tell you how many calories of energy the water absorbed, which should be equal to the number of calories your food gave off.

Show your calculations below:

Number of Calories in Your Food: __________

To determine how close you were we must use the mass of the food.  You need to figure out how many calories are in one gram of food.  To do so use the following equation:


the number of calories you calculated ÷ mass of the food you used = 



the number of calories per gram of food

Show Calculations:

Calculated Number of Calories per Gram: ____________

Find out the actual number of calories per gram from the teacher.


Actual number of calories: _____________

Calculate your percent error using the equation below:


│Actual Number of Calories-Calculated Number of Calories│  
 x 100




Actual Number of Calories

Show Calculations:

Percent Error: _____________

Conclusions

1)  What are some sources of error in this experiment?

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2) What other types of food would work for this experiment?  Give examples that would work or not work.

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Mythbusters Projects
There are many projects that can be developed in reference to the television show Mythbusters.   Included are two projects I have used with varying levels of success in a senior physics class.

Bust Your Own Myth:  Students choose their own myth (not already tested by the Mythbusters) and determine whether it is busted or plausible.

Mythbusters Analysis:  Students use Mythbusters episodes and analyze them for their physics content.  On this project internet research in encouraged.

Fairview Mythbusters
Description:  People tend to believe a lot of what they hear.  For example, did you know that when you microwave a cup of water it has the potential to explode?  Or does it?  You will debunk an urban legend or folktale using scientific fact.  You are to act like a “Mythbuster” from the Discovery Channel.

 Assignment:  

1)  Either on your own or with a partner you will choose an urban legend.  Your partner must be someone you have not worked with on any projects so far this year.

2)  Your myth must be teacher approved before you begin your work.  Each person/partner group must have a different myth. Be sure that your myth can be verified or “busted” using science.
3)  Some urban legends prove to be true, most have at least some factual root and others are completely absurd.  You need to find out which category your urban legend falls under then prove why it belongs in that group.  
4)  This project has two parts.  First you will research your urban myth.  Second you will experiment to prove your legend true or false.
5)  The grading will also depend on two products.  You will write a paper detailing your myth, the research and your findings.  Each person/partner group will also present their myth and findings to the class.

Grading: See Rubric, 130 points total

	
	10
	0
	
	

	Myth Choice
	Myth choice approved and in on time.
	Myth inappropriate or not turned in on time.
	
	

	
	
	
	
	

	
	15
	10
	5
	0

	Research
	Research evident.  Sources cited properly.  Appropriate sources used.
	Research evident.  Sources either weak or cited improperly.
	Research evident.  Sources not cited.
	No research.

	
	
	
	
	

	
	10
	0
	
	

	Paper Length
	Paper 2-3 pages
	Paper less than 2 pages
	
	

	
	
	
	
	

	
	15
	10
	5
	0

	Paper Formatting
	Paper typed, standard margins, appropriate font choice and size, double spaced, appropriate title.
	Missing one of the requirements under 15 points
	Missing two of the requirements under 15 points
	Missing 3+ of the requirements under 15 points

	
	
	
	
	

	
	30
	20
	10
	0

	Paper Content
	Myth explained, research to prove or disprove is explained, experiment written out in detail, results explained clearly.
	Weak in one of the areas listed under 20 points.
	Weak in two of the areas listed under 20 points.
	Weak in 3+ areas under 20 points.

	
	
	
	
	

	
	30
	20
	10
	0

	Experiment
	Experiment follows good scientific practices.  Experiment appropriate to myth.  All steps of experiment recorded.  All data recorded in a neat fashion.  Strong conclusions can be drawn from data.
	Experiment follows good scientific practices.  Experiment related to myth.  All steps of experiment recorded.  All data recorded.  Conclusions can be drawn from data.
	Experiment performed, but weak data and/or conclusions.  Good scientific practices ignored.
	No experiment performed.

	
	
	
	
	

	
	20
	10
	0
	

	Presentation
	Presenters prepared.  Presentation organized.  Presentation covers myth, research and experiment procedure and conclusions.
	Presenters not completely prepared and/or presentation unorganized.  Presentation covers myth, research and experiment procedure and conclusions.
	Presentation disorganized and lacks detail.
	


Mythbusters “Research” Paper

Objective:  To analyze the physics behind what the Mythbusters test.

Assignment Requirements

1)  Select two Mythbusters episodes that can be analyzed using physics.

2)  Write a short paper containing the following information regarding each myth*

a. Summarize the episode: include a summary of the myth you are analyzing, the experiment(s) the Mythbusters perform and the results of the experiment.

b. Many of the myths have been amplified in scope or tested by bored people with video cameras and this information has been put on the internet.  Do a regular internet search for your myth and write a brief summary of what the internet has regarding your chosen myths.

c. Provide the physics equations that apply to the myths you are analyzing.  Explain how these equations would work with the myth being tested and what things would be measured or could be measured to solve for the unknowns in the equations.

*Write about the myths individually; do not try to synthesize the information about the two myths into one cohesive paper.  Write the paper in two parts.

3)  Cite your sources.  These will be informal citations as few of the sources are paper based and  may not be credible sources of information.


a.  Provide episode information including title of episode and original airdate


b.  Provide the web addresses for any of the sites 


c.  If you use any reference other than your notes for equations, cite this source.

4)  Have your myths approved before you begin working on the paper.  Episodes used in class cannot be used. 

Formatting Requirements:  Your paper should be typed in a 12 point font.  Double spacing and standard margins should be used.  The length of your paper should be minimally 3 pages.  References should be on a separate page at the end of the paper.  Grammar and spelling will be included in the grading

Episode Availability

*Episodes are constantly on The Discovery Channel, if you choose to find one on TV, I recommend recording it so you can reference it as you write your paper

*I have seasons 1-4 available for you to borrow on DVD

*Episodes are available for purchase on iTunes

Grading

This paper will be worth 100 points


20 points summary


20 points internet research


40 points physics analysis


10 points references


10 points formatting

Where to See Mythbusters
-All episodes are available on DVD from www.discoverystore.com
-Episodes are available for download on iTunes or www.discovery.com for 1.99 each
-Episodes are ALWAYS on The Discovery Channel, pop in a tape!
Recommendations for Watching in Class

-Episodes run about 43 minutes long

-Most episodes contain multiple myths; you may decide to show the whole episode or only the parts for the related myth

-Prescreen episodes for appropriateness.  The Mythbuster team uses some language and innuendos that may be inappropriate for classroom viewing.  Think about your viewing audience and your school environment when selecting videos to watch.

Other Episode Suggestions

Projectile Motion: Boom Lift Catapult, Border Slingshot

Free Fall: Penny Drop, Elevator of Death, Bullets Fired Up

Law of Reflection: Ancient Death Ray

Electromagnetic Waves: Beat the Radar Detector, Cell Phones on Planes

Acceleration: Is Yawning Contagious (Toy Car vs. Sports Car Race)

Rotational Motion: Bulletproof Water (360 Swing)

Buoyant Force: Helium Football

Bernoulli’s Principle: Concrete Glider (Standing too close to a moving train)
Have questions?  Want a digital copy of this document?  Have your own Mythbuster lab you want to share?
Christie Pinney

Fairview High School

06289 US 127

Sherwood, OH 43556

cen_aca_cp@nwoca.org

**Use any salsa recipe you wish to determine the ingredients used for this lab.








