1. A cart rolls across a flat table and slows down. The kinetic energy of the cart…

a. is transferred to internal energy.

b. is destroyed by friction.

c. gets used up.

d. remains constant.

Standards Addressed:

· New York

· 4.1f : In a nonideal mechanical system, as mechanical energy decreases there is a corresponding increase in other energies such as internal energy.

· California

· ?

DOKA Level: 1

2. You can minimize the loss of kinetic energy by…

a. Reducing the friction in the system

b. Increasing the friction in the system

c. Increasing the mass of the system

d. Decreasing the mass of the system

Give an example of how you would accomplish this in a real life situation: _______________

Expected Response: Oiling the wheels on skateboard would lower the friction in the bearings, and minimize frictional energy losses.

Standards Addressed:

· New York

· 4.1f : In a nonideal mechanical system, as mechanical energy decreases there is a corresponding increase in other energies such as internal energy.

· California

· ?

DOKA Level: MC = 1, example = 4

3. A skydiver jumps out of a plane and his parachute fails to open

a. His speed increases until he reaches a constant speed

b. His speed increases at a constant rate until he hits the ground

c. He falls at a constant speed for the entire fall

d. His speed increases until he reaches a maximum speed, then it begins to decrease.

Science Reasoning: His speed increases as he falls from the plane, but as his speed increases the drag force increases as well (due to the fact that he is hitting more air molecules per second and hitting them faster). At some point the drag force will become equal to the gravitational force, and he will no longer accelerate. He will then fall at a constant rate till he hits the ground. 

3a) Explain, using our model of friction and energy transfer, how a parachute keeps you from getting hurt when you land.

Expected Response: A parachute increases the number of air molecules that the skydiver collides with, and so more of his gravitational energy is transferred into the internal account, and less goes into kinetic.

Standards Addressed:

· New York

· 5.1e An object in free fall accelerates due to the force of gravity. Friction and other forces cause the actual motion of a falling object to deviate from its theoretical motion.

· 5.1o Kinetic friction is a force that opposes motion.

· California

· 2c. Students know how to solve problems involving conservation of energy in simple systems, such as falling objects. 
DOKA Level: #3 = 1-2 
#3a = 4

4. A platform diver jumps off the board falls 10 meters, hits the water, and come to rest after traveling 2 more meters downward. During which segments of the dive, if any, can you ignore friction? During which segments, if any, must you take friction into account?  Explain your reasoning fully.

Expected Response: During the time that the diver is falling through the air, he has relatively few collisions with air molecules, and therefore you can ignore friction during that segment. Once the diver hits the water, he collides with many more molecules. Those collisions create a much larger drag force in the water than there was in the air. The small amount of drag which is present in the air does not create enough friction to need to take it into account, whereas the drag present in the water will have a significant effect (e.g. transfer a significant amount of the kinetic energy into internal).

Standards Addressed:

· New York

· 5.1e An object in free fall accelerates due to the force of gravity. Friction and other forces cause the actual motion of a falling object to deviate from its theoretical motion.

· 5.1o Kinetic friction is a force that opposes motion. 

· 4.1e In an ideal mechanical system, the sum of the macroscopic and microscopic kinetic and potential energies (mechanical energy) is constant.

· 4.1f In a nonideal mechanical system, as mechanical energy decreases there is a corresponding increase in other energies such as internal energy.

· California

· 2c. Students know how to solve problems involving conservation of energy in simple systems, such as falling objects. 
DOKA Level: 2-3
5. Tommy notices that some of his toy trucks roll very smoothly across the kitchen floor, and others don’t roll so nicely.  From physics class, he knows that kinetic energy is lost due to friction. Help Tommy design an experimental setup that will test the frictional losses for each truck. List the equipment you would need. Describe the procedure you would use. Explain the data you would collect. Explain how you would analyze the data you collected.

Expected Response: 
a. Equipment: Trucks, ramp, meterstick. Roll trucks down ramp and onto flat ground. This will give them an equal starting velocity. Whichever goes furthest past the base of the ramp, has the least frictional losses.

b. Equipment: Photogate or position sensor, computer/calculator with lab interface, trucks. Using a photogate or position sensor, push truck on flat surface, then measure velocity at 2 points which are 1 meter apart. Calculate the kinetic energy at each position, and find the difference. The difference must be the amount of energy lost to friction.

c. Equipment: Trucks, ramp, position sensor, computer/calc with lab interface. Measure height of top of ramp. Roll trucks down ramp, and use sensor to measure velocity at bottom of ramp. Calculate gravitational energy at top, and kinetic energy at bottom, find difference. The difference must be the amount of energy lost due to friction. 

Standards Addressed:

· New York

· 5.1e An object in free fall accelerates due to the force of gravity. Friction and other forces cause the actual motion of a falling object to deviate from its theoretical motion.

· 5.1o Kinetic friction is a force that opposes motion. 

· 4.1e In an ideal mechanical system, the sum of the macroscopic and microscopic kinetic and potential energies (mechanical energy) is constant.

· 4.1f In a nonideal mechanical system, as mechanical energy decreases there is a corresponding increase in other energies such as internal energy.

· California

· 2c. Students know how to solve problems involving conservation of energy in simple systems, such as falling objects. 
· Investigation and Experimentation 1a. Select and use appropriate tools and technology (such as computer-linked probes, spreadsheets, and graphing calculators) to perform tests, collect data,  analyze relationships, and display data. 

DOKA Level: 3-4
