Hang on it’s going to be a Bumpy Ride!
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Our mission is to better understand the science of car crashes. The challenge is to develop a working knowledge in momentum, impulse, impact force and impact time; which is the physics of crashes. Once we understand these concepts we can then design and test a safety protection system to protect your passenger (an egg!).
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Let’s get crashing!

Phase 1 Research: Understanding the terms, there are a lot of terms related to the study of car crashes. Watch these cool movies and read through the following websites (feel free to explore on your own as well). This information will allow you to define these important terms.
The movie Understanding Car Crashes: It's Basic Phsyics can be found at: 

http://www.youtube.com/watch?v=yUpiV2I_IRI
A second great movie is Understanding Car Crashes: When Physics Meets Biology can be found at: 

http://www.youtube.com/watch?v=EtlUBAWHjKM
MORE USES (short videos):



Springs: http://www.flickr.com/photos/icepack/384822426/


Packaging: http://www.flickr.com/photos/david_blue/2990267122/sizes/l/


Sports Equipment: http://www.flickr.com/photos/helz/47314829/
 

Airbags: http://www.flickr.com/photos/benmcleod/69323274/
Some great Web sites:

www.highwaysafety.org
http://www.writework.com/essay/newtons-laws-relating-car-safety-devices
http://auto.howstuffworks.com/crumple-zone.htm
http://www.howstuffworks.com/airbag.htm
http://www.reachoutmichigan.org/funexperiments/agesubject/lessons/newton/airbags.html
http://science.howstuffworks.com/science-vs-myth/everyday-myths/newton-law-of-motion5.htm
http://mb-soft.com/public/rollover.html
You should start a daily work log for this project today; the daily work log should be done individually. Everything else in this project is done in a group of two.

Daily work log:

 http://www.sartoritechnology.com/intro%20to%20tech/MPV%20intro%20to%20tech/Daily_Log.doc

Define the following terms:

Egg Car Vocabulary - Research the following terms. Write a complete sentence in your own words describing each.  

1. Aerodynamics -


2. Absorbing System -


























3. Air Bag-




























4.
Impact-



























5.
Restraints Systems  -

























6.
Head-on collision-


























7.
Crumple Zone -  












8.
Inertia


9.
Acceleration -













10.
Friction –

Directions: To help you remember the key physics concepts discussed while viewing the video, fill in the blanks or circle the correct answer.

Test Track Laws

Why did the dummy get left behind? It's called __________ , the property

 
of matter that causes it to ________________________________________.

Isaac Newton's circle one 1st 2nd 3rd Law of Motion states: 
A body at rest remains at  __________ unless acted upon by an external __________, and a body in __________ continues to move at a constant __________ in a straight line unless it is acted upon by an external force.

Crashing Dummies

Now watch what happens when the car crashes into a barrier. The front end of the car is crushing and absorbing __________ which slows down the rest of the car.

In this case, it is the steering wheel and windshield that applies the

__________ that overcomes the dummy's __________
Crash-Barrier Chalkboard

Newton explained the relationship between crash forces and inertia in his (circle one) 1st 2nd 3rd Law of Motion. 

(Fill in the blanks to explain what each letter in the formula represents.)
F=ma

“F” is the symbol for 




“m” is the symbol for 



“a” is the symbol for 



F = mΔv/t

“t” is the symbol for 



“Δv” is the symbol for



Ft= mΔv

“Ft” is the symbol for




“mΔv” is the symbol for 



Momentum is ________________ in motion. It is the product of an object's

________________ and its ________________.
Which has more momentum? An 80,000 pound big rig traveling 2 mph or

a 4,000 pound SUV traveling 40 mph? (circle one) 
Big Rig
 SUV 
Same
Soccer Kicks, Slap Shots, and Egg Toss

What is it that changes an object’s momentum? ________________. It is the product of _______________ and the ________________ for which it acts.

If the eggs are of equal mass and are thrown at the same velocity they will have the same ________________. The wall and the sheet both apply equal ________________.

The wall applies a ______________ force over a ______________ time, while the sheet applies a _______________ force over a _______________ time.

With panic braking the driver stops in less time or distance and experiences more ________________.
Crashing and Smashing

· The second animated vehicle’s front end is less stiff so it crushes two feet instead of one, causing the deceleration to ____________________.

· Extending the time of impact is the basis for many of the ideas about keeping people safe in crashes. List three applications in vehicle or highway safety.

1.____________________ 
2.____________________ 
3.____________________
Conserving Momentum and Energy—it’s the Law!

In a collision of two cars of unequal mass, the occupants of the lighter car would experience much higher ________________, hence much higher ________________ than the occupants of the heavier car. 

Motion related energy is called ________________. 

Energy due to an object’s position or conditions is called ________________.

At what point in the pendulum's swing is its potential energy equal to its kinetic energy? ________________ When is its kinetic energy at its maximum? ________________
Which of the following is the correct formula for kinetic energy (KE)?

KE = 1/2m2v 
KE = 1/2 2mv2 
KE = 1/2mv2 
KE = 1/2mv2
Phase 2 Research: Mini experiments fun stuff!!! Let’s see what can learn about inertia and mass. Using Newton’s first law of motion can we see mass and inertia in action?

Materials needed

For each group:

• 3”x 5” index card

• plastic cup or beaker

• 1–10 pennies or washers
• (optional) mix of dimes, nickels, quarters, half dollars
Discussion

Whether you are attempting the magician’s tablecloth trick or slamming on your car brakes to avoid an accident, the laws of nature apply.

Understanding nature’s basic rules or PHYSICS can help improve your chances of success in either situation.

Procedure

1. Cover the cup with the index card and put the penny on top of the card.

2. The challenge is to get the penny into the cup without lifting the card and only touching the card with one finger.

3. After you have succeeded with one penny, try it with multiple pennies and other coins.
Analysis

1. Describe a successful technique.

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
2. Why does the penny drop in the cup when the card is “flicked” away?

_________________________________________________________________
_________________________________________________________________
3. How did the total mass of the coins affect your success?

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
4. How is a magician’s tablecloth trick related to a crash dummy falling off the tailgate of a pickup truck as the truck accelerates?

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
Crash question

How are the magician’s tablecloth trick and vehicle seat belts related?

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

Phase 3 Research again!: More mini experiments fun stuff!!! Let’s see what can learn about momentum (p=mv), velocity, and acceleration. Using Newton’s second law of motion can we see momentum (p=mv), velocity, and acceleration in action?

Crash test question(s)

• What determines if one car has more momentum than another in a two-car collision?
• Does increasing an object’s mass increase its momentum?
Purpose

• To determine if increasing mass increases momentum

• To describe automobile technologies that reduces the risk of injury in a collision

Materials needed

For each group:

• ramp with center groove

• 4 marbles or golf balls 

(DO NOT REMOVE MARBLES OR GOLF BALLS FROM TESTING AREA!!!)

• Container
• meter sticks (2)
Discussion

To better understand what happens in a crash, it helps to see how force, inertia, and speed are related in a property called momentum. The amount of momentum, often referred to as “oomph” or “bashing power,” that an object has depends on its mass and its velocity. In this activity you will investigate how an object’s mass affects its “bashing power!”

Procedure

1. Cut a 3.0 cm square section from the top of the container (this is probably done for you).

2. Ask teacher for the ramp.

3. Place the 3.0 sq. cm opening of the container over the end of the ramp resting on the desk.

4. Place a meter stick alongside of the container to measure the distance it moves.

5. Position ONE (1) ball on the ramp at maximum height.

6. Release the ball and observe the container.

7. Measure the distance the container moved (to the nearest 0.1 cm).

8. Perform three (3) trials for 1, 2, 3, and 4 balls and average the results. Record these measurements in the data table below.
	Number of Balls
	Trail 1

Distance 

Container Moves
	Trail 2

Distance 

Container Moves
	Trail 3

Distance 

Container Moves
	Average Distance Container

Moves

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4


	
	
	
	


Analysis

1. Describe the relationship between the number of marbles hitting the cup and the distance the cup moves.

_________________________________________________________________
Crash questions:

1. What determines if one car has more momentum than another in a two-car collision?

_________________________________________________________________
_________________________________________________________________
2. Explain why an 80,000 pound big rig traveling 2 mph has the same momentum as a 4,000 pound sport utility vehicle (SUV) traveling 40 mph.

_________________________________________________________________
Phase 4 Design and build: Using only the resources provided, your task is to design and build an egg drop protection system that will protect an egg from various height drops.

Identify the problem: 











These are your materials:

Straw (2)

Pipe Cleaner (1)

String (18”)

Paperclips (4)

Paper (8 ½”x 11”, 2 sheets)

Rubber band (2)

3x5 index card (1)

Popsicle sticks (2)

Foam (2”x2”)

Glue (for assembly only)

Tape (12”, for assembly only)

Use your materials wisely, there are no replacement materials. You do not need to use all of the materials. You can cut or modify your materials but remember no replacements.

set your goals (you must write your goals in complete sentences):

	GOAL 1:



	GOAL 2:



	GOAL 3:



	GOAL 4:




Design 4 possible egg drop protection systems:

	
	

	
	


Using the design matEriALs select your best design:

	4 – meets perfectly

3 – meets well

2 – meets somewhat

1 – meets minimally

0 – does not meet
	Design 1
	design 2
	design 3
	design 4

	ease of assembly


	
	
	
	

	egg protection


	
	
	
	

	Durability


	
	
	
	

	good use of materials
	
	
	
	

	astetics


	
	
	
	

	totals


	
	
	
	


Draw you final design here (be sure to include labels):

	


expalin why you choose this design:

teacher sign off: 










Phase 5 start building!!!
Using the materials build your design. Be sure to construct it in such a way that is durable, looks good, and of course protects your egg!!!

Phase 6 testing:

Using a meter stick or tape measure let your “egg crash” protection system fall from the following heights.

Be sure to put the egg in it’s crash test suit (plastic bag)!!! 

Record the weight of your “egg crash” protection system with the egg properly installed:

You will have about one minute between each drop. You are allowed to repair your device if needed but no extra supplies will be provided to you.

NOTES: THEREWILL BE NO PRACTICE DROPS.

Record your drop test results in the chart below (For example, no damage, crack, some cracks, broken, etc.).
Once the egg is broken you are done testing

Test Chart:

	Drop

Height
	Time
	Results

	40 cm
	
	

	60 cm
	
	

	80 cm
	
	

	1.0 meters
	
	

	1.5 meters
	
	

	2.0 meters
	
	

	2.5 meters
	
	

	3.0 meters
	
	

	3.5 meters
	
	

	4.0 meters
	
	

	4.5 meters
	
	

	5.0 meters
	
	


Phase 7 feedback:

What is the total mass (weight) of your car? 

g


kg 



(Hint: To find kilograms move the decimal 3 places to the left.)
For the next questions using you last successful drop only:

What was your drop time? 









Calculate average speed using the following formula- 
[image: image2.wmf]t

d

s

=


Note: S= Speed
d= Distance

t= Time

  
Answer 


 m/s

Calculate average acceleration using the following formula:

To show average acceleration use the formula - 
[image: image3.wmf]2

2

t

d

a

=



Answer 




m/s2
Calculate net force: To show Net Force use the formula – 

m = mass ,       a = acceleration

Fnet = m · a

Answer 







What did you like about your egg drop protection system? 












































What would you change about your system? 














































What was your biggest challenge and how did you solve it? 












































PHASE 8 DESIGN AND BUILD THE BIG DROP!!! Design and build an egg drop protection system. The system should be designed to protect the egg from a one story drop height.

Identify the problem: 











SOME THINGS TO CONSIDER:

No balloons or parachutes are allowed.

The egg and the project must weigh less than 250 grams. (The average egg weighs 50 grams)

Only raw, store bought chicken eggs; size medium or larger may be used. You may NOT soak the egg in vinegar.

Your egg project must fit on a regular size sheet of paper and be no more than 6” in height.
Your egg project must have an opening the size of my pinky finger where i can see a portion of the egg.

You may not use peanut butter, Nerf balls, pillows, or stuffed animals to protect your egg.

You may weigh your project early - if your project is overweight you may make any necessary alterations. If you wait until the last minute and your project is overweight, it will be disqualified.

Once a project is complete it may not be touched by anyone other than its owner. Please have your name and class period written on it.

set your goals (you must write your goals in complete sentences):

	GOAL 1:



	GOAL 2:



	GOAL 3:



	GOAL 4:




Design 4 possible egg drop protection systems:

	
	

	
	


Using the design matEriALs select your best design:

	4 – meets perfectly

3 – meets well

2 – meets somewhat

1 – meets minimally

0 – does not meet
	Design 1
	design 2
	design 3
	design 4

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	totals


	
	
	
	


Draw you final design here (be sure to include labels):

	


expalin why you choose this design:

teacher sign off: 










PHASE 9 START BUILDING!!!

Using the materials build your design. Be sure to construct it in such a way that is durable, looks good, and of course protects your egg!!!
Phase 10 testing:

We will be dropping all egg drop protection systems at one time!
Be sure to put the egg in it’s crash test suit (plastic bag)!!! 

Record the weight of your “egg crash” protection system with the egg properly installed:

NOTES: THEREWILL BE NO PRACTICE DROPS.
PHASE 11 FEEDBACK:

What are the forces acting on the egg as it falls? 













































How can you control the forces that cause the egg to break? 












































Was it the material, the amount of it, or its compression factor that was the key? 









































What are the common characteristics of the materials that protected some eggs? 








































Did layering of materials play a role in protection? 













































What about your design made the egg break? Not break? 












































How would you design your container differently next time? 












































What is the total mass (weight) of your car? 

g


kg 



(Hint: To find kilograms move the decimal 3 places to the left.)
What is the maximum dimension of your egg drop system? 


cm
What was your drop time? 









Calculate average speed using the following formula- 
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d

s

=


Note: S= Speed
d= Distance

t= Time

  
Answer 


 m/s

Calculate average acceleration using the following formula:

To show average acceleration use the formula - 
[image: image5.wmf]2

2

t

d

a

=



Answer 




m/s2
Calculate net force: To show Net Force use the formula – 

m = mass ,       a = acceleration

Fnet = m · a

Answer 







Performance Formula -


Score = (1/( t (time of fall in sec)) x W (weight in kg) x L (length in cm))




SCORE= 




Note: Higher number = better performance
PHASE 12 CONCLUSIONS:

Take a picture of your egg drop and create a cover page!!! 

(Taking the picture is a “yellow” cell phone activity)
Compare and contrast your two egg crash protection systems? 











































Discuss how well they did or did not protect your egg? 













































How did the materials affect you design choice? 













































Based on your calculations compare the speed and force of your two systems. 









































PHASE 13 EXTENSION:

Can You Do it???
Directions:

After viewing the video, answer the following questions in the space provided. Be prepared to discuss your responses with your classmates while in small groups or as an entire class.

Post-Video “Crash” Questions

1. Ever tried to stop a 150 pound (68 kg) cannonball fired towards you at 30 mph (48 km/hr.)? No, probably not. But you may have tried to brace yourself in a car collision. How are the two situations similar?

_______________________________________________________
_______________________________________________________

_______________________________________________________
_______________________________________________________
_______________________________________________________
2. Show mathematically why an 80,000 pound (36,000 kg) big rig traveling 2 mph (0.89 m/s) has the SAME MOMENTUM as a 4,000 pound (1,800 kg) sport utility vehicle traveling 40 mph (18 m/s).

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

3. During the Egg-Throwing Demonstration, which egg experienced the greater impulse, the egg that hit the wall or the bed sheet? (Be careful here!) Which egg experienced the greater force of impact? Which egg experienced the greater time of impact?

_______________________________________________________
_______________________________________________________

_______________________________________________________
_______________________________________________________
_______________________________________________________
4. Explain how the fortunate race car drivers survived their high speed accidents.

_______________________________________________________
_______________________________________________________

_______________________________________________________
_______________________________________________________
_______________________________________________________
5. Describe other examples where momentum is reduced by applying a smaller collision force over a longer impact time (or where things “give way” during a collision to lessen the impact force)?

_______________________________________________________
_______________________________________________________

_______________________________________________________
_______________________________________________________
_______________________________________________________
6.  Which would be more damaging to your car: having a head-on collision with an identical car traveling at an identical speed or driving head on into the Vehicle Research Center’s 320,000 pound (145,455 kg) deformable crash barrier? 

_______________________________________________________
_______________________________________________________

_______________________________________________________
_______________________________________________________
7. Show mathematically why a small increase in your vehicle’s speed results in a tremendous increase in your vehicle’s kinetic energy. (For example: doubling your speed from 30 mph to 60 mph results in a quadrupling of your kinetic energy.)

_______________________________________________________
_______________________________________________________

_______________________________________________________
_______________________________________________________
_______________________________________________________
8.  The Law of Conservation of Energy states: energy cannot be created or destroyed; it can be transformed from one form to another but the total amount of energy never changes. Car crashes can involve huge amounts of energy. How does the crashworthiness of the car affect the transfer and transformations of the energy and, ultimately, protect the occupants?

_______________________________________________________
_______________________________________________________

_______________________________________________________
Egg Drop Rubric









Student

Teacher

Phase 1 Research (Terms)

Define Terms 

10 pts








Video Questions

41 pts







Phase 2 Research (Coin Experiment)

Inertia and mass

10 pts







Phase 3 Research Again! (Ramp Experiment)

Momentum Questions
 2 pts








Chart



16 pts








Follow up


 6 pts









Phase 4 Design and Building

Identify the Problem
 3pts








Set Goals


 4 pts








4 Designs


12 pts








Design Matrix

10 pts








Final Design


 5pts








Design Choice

 5 pts















Student

Teacher
Phase 5 Building

Time on task


20 pts






Phase 6 Testing

System weight

 2 pts








Chart



 8 pts







Phase 7 Feedback

Calculations


12 pts








Questions


 9 pts







Phase 8 The Big Drop!
Identify the Problem
 3pts








Set Goals


 4 pts








4 Designs


12 pts








Design Matrix

10 pts








Final Design


 5pts








Design Choice

 5 pts







Phase 9 Building

Time on task


20 pts






Phase 10 Testing


System weight

 2 pts









Phase 11 Feedback
Questions


21 pts







Calculations


12 pts







Phase 12 Conclusions

Questions


12 pts







Phase 13 Extension
Can You do it?

16 pts







Documentation


Work logs


20 pts 







Cover page


 3 pts








Rubric


 5 pts








Total points




325 pts







Percentage





Total/325
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