Teacher Guide:
Design and Conduct your own experiment with Projectiles
Objective:  Students will use the pHet simulator for projectiles to design and conduct their own experiment. 

Learning Goals: Students apply the processes of scientific investigation and design, conduct, communicate about, and evaluate such investigations. Students know and are able to:
Plan and design a scientific investigation that includes:

· developing a testable question 

· stating a hypothesis  (if…then…because format)
· identifying the independent/manipulated and the dependent (responding) variables

· designing a written procedure for a controlled experiment

· construct a data table for data collection

· graph data to demonstrate the relationships

· keep all other conditions constant

· write a concluding paragraph restating your question, discuss your results in relation to your hypothesis, ask any questions you have about your investigation

Background for teachers

This lesson allows students to explore the physics of projectiles while reviewing the process skills of designing and conducting their own experiments.  We have found that students develop needed skills for the 21st century by practicing problem solving and higher level critical thinking.
· Prior to introducing students to the pHet computer projectile simulation, engage students in a discussion about projectiles. A good warm up activity could be:
1. Have everyone wad a piece of paper and trying to throw it into the garbage can.  
2. Each student is given a different object to “make a basket” with.  A flat piece of paper, a tennis ball, a golf ball,  feather, a beach ball, cotton ball
· Ask them to make observations/comparisons about the tossed objects (why did some make it into the basket and some did not?  Did all papers follow the same path? etc)
Refer students to lab write-up guidelines they have previously covered to communicate their data.
Guiding questions 
· Using the projectile motion simulation, what variables can be tested that could affect projectile motion?

· Predict which of these do affect projectile motion and provide reasoning for why you think a particular variable might affect or not affect projectile motion.  Explain this for each variable. 

· Test your predictions by looking at changes in each variable.  Remember to change only one variable at a time.
· Use the tape measure to determine the height and distance a trajectory travels.

· What angle might give you the greatest height? How could you test this with a simulation that does not go off the page? 

· What angle might give you the greatest distance? How could you test this with a simulation that does not go off the page? 

· What angle will give you minimum trajectory distance? Explain the reasoning behind this. 
Notes to self: The cannon fires the object from a height of 1.2m when it is on the ground. If you move the cannon higher, you can use the tape to measure the initial height of the object by putting the tape from the cross hairs to the bottom of the lifting cylinder. This does not exactly coordinate to the relative landing height of the object as displayed in the sim. For example, I had the cannon at 14.21 m, object landed at -14.0 m. At 21.5, landing was -21.3. 

