A Technology Integrated Lesson on Projectile Motion
	Grade/ Grade Band: 10-12
	Topic: Projectile Motion

	Brief Lesson Description: Students will learn how to solve a problem involving projectile motion using the scenario of firing one of their classmates from a cannon.  After being given the angle at which the cannon was fired and the initial velocity of the human cannonball, they will work in small groups to break the overall problem into component parts, solve each part, and put the parts together to arrive at a solution.


	SOL Addressed: 
· PH.4 – The student will investigate and understand how applications of physics affect the world.

· PH.5c – The student will investigate and understand the interrelationships among mass, distance, force, and time through mathematical and experimental processes.  Key concept – Projectile Motion


	Essential Question: How can we use our knowledge of projectile motion to safely fire a human from a cannon?


	Specific Learning Objectives: 
· From knowing the angle at which a projectile is fired and the initial velocity of the projectile, students will be able to calculate the distance the projectile travels before hitting the ground and the time it takes to hit the ground.

· Students will be able to extend their understanding of the above problem to solve problems in which different initial information is given (i.e. distance traveled instead of angle).



	Narrative / Background Information 

	Prior Student Knowledge: Students have already been introduced to projectile motion as a concept and have carried out a lab activity in which they explore how firing projectiles at different angles affects their motion.  Therefore, they should have a conceptual understanding of projectile motion, specifically understanding that the y component of the velocity is equal to zero at the top of the trajectory and that the trajectory itself is symmetric.



	Science & Engineering Practices: 
· Asking questions and defining problems

· Using mathematics and computational thinking

· Obtaining, evaluating, and communicating information
	Explicit Tenets address of the Nature of Science: 

· Scientific models, laws, mechanisms and theories explain natural phenomena

· Science is a human endeavor
	Safety Instructions: ​ 

· In the event that you ever get hold of a cannon, do not try this at home.

· (Since this lesson is focused on problem solving rather than lab work, there are not any major safety concerns.)



	Possible Preconceptions/Misconceptions: 
· Some students may think that the mass of the projectile will affect how far it goes.

· Some students may think that the x component of the projectile’s velocity will change over the trajectory.
· Some students may forget to treat acceleration due to gravity as negative for both halves of the trajectory.



	LESSON PLAN – 5-E Model 

	ENGAGE: The “Engage”, “Explore”, and “Explain” components of this lesson will all be based on solving a scenario-based problem.  For this scenario, one student will be asked to volunteer to be shot out of a cannon.  Their task will be to figure out where to place a mattress to ensure that s/he lands safely.  The teacher will set up the problem by first showing a YouTube video of an actual human cannonball (https://www.youtube.com/watch?v=0Y14kEY-6fk) to peak students’ interest, and then projecting the PhET cannon simulation (https://phet.colorado.edu/sims/projectile-motion/projectile-motion_en.html), which allows the user to manipulate the values of different parameters like firing angle, initial velocity, and mass of the projectile, and see how each of these parameters impact the trajectory of the projectile.  
Students will be asked to formulate sub-questions they would need to answer before they could answer the bigger question of where to place the mattress.  The teacher will facilitate the class in coming up with a joint list of important sub-questions they will answer over the course of the class period.  Examples of these are: “When will the projectile be at its highest point?” “How long is the projectile in the air?” “How far will the projectile go?”  These sub-questions will need to be answered before any determination can be made as to where to place the mattress.  The discussion that leads to the full class formulating these sub-questions will take place in parallel through two different media: out loud through spoken discussion, and through written discussion on a Google Doc which will be projected in front of the class.  This way, students who prefer talking out loud have the option to do so, while students who are more shy can comment on the discussion in a less obtrusive way.  There will be one Google Doc which will be used throughout the class, and which will be broken into sections corresponding to the different sections of the class.  Once section will be dedicated to this discussion, and students can read and respond to what their classmates post even as they listen and respond to what more vocal classmates are verbally saying.  This multi-media discussion can help the teacher engage more of the class and assess and activate their background knowledge before fully diving into solving the problem.  The use of the Google Doc is also a formative evaluation and feedback tool for the teacher, since the teacher can read comments and questions being posted to the Google Doc and address them with the whole class, see what some of the less vocal students in the class are thinking, and get a more complete idea of which all students in the class are engaged and participating.  After class, the teacher will edit and organize the google doc and keep this as a resource for students to look back on later for future studying and review.  

	EXPLORE:  After having activated their background knowledge by formulating the important sub-questions they will need to answer, students will conduct a simulation-based exploration to fine-tune their intuitions regarding the projectile motion concepts necessary to answering those questions.  Using the PhET simulation on their laptops in small groups, they will experiment with changing the values for different parameters in the simulation and formulate statements as to how mass, firing angle, initial velocity, and size of projectile affect the height and distance travelled by the projectile.  One representative from each group will type their statements in the section of the class Google Doc corresponding to this portion of the class.  Each group will have a dedicated space already set up in the document in which to type their statements.  Once all groups have submitted their statements, the teacher will go over all the statements submitted with the class and synthesize from them a single set of important relationships between these different parameters and a projectile’s trajectory.  When coming up with the final statements describing these relationships, the teacher will use a “think aloud” strategy to model how he or she is formulating these statements based on the statements provided by each of the small groups.  


	EXPLAIN:  
The previous two sections have allowed students to activate their background knowledge through formulating questions in a discussion and hone their physical intuitions by exploring the PhET simulation.   Now, students will combine their questions with their intuitions to solve the problem in the scenario.  Students will again be placed into small groups, with each group asked to answer one of the component sub-questions that has been identified in the “Engage” section.  Students will be allowed to choose which question they would like to work on, and the teacher will modify groups to even out numbers if there are wide discrepancies between groups.  Students will be allowed to explore and discuss with their group-mates how to answer the question they have chosen, and the teacher will walk around and help groups as they need it.  Students will write their responses on whiteboards to present to the class.  This will allow them to concentrate on explaining their problem-solving process instead of focusing on writing it out for the class.  While this is similar to the “Explore” section in that it has small groups explore a particular question, the key difference is that it is no longer a completely open ended exploration.  The problem each group is solving is part of a larger problem, and the parts will be put together in a specific sequence to solve that larger problem.  This process of reviewing the different parts as a class and putting them together will serve to explain how to solve a projectile motion problem.  
Each group will come up to the front of the classroom and present their solution to their chosen sub-question, and the rest of the class will take notes on how to answer that sub-question.  
The teacher will modify or clarify explanations as necessary.  Once each sub-question has been presented, the teacher will lead a full-class discussion on how to put together these separate parts to arrive at a solution for the overall problem of where to place the mattress.  We will test our solution with the PhET simulation, and make corrections as necessary. 
As a checkpoint, students will pause here and write down, in order, all the steps they went through to solve this problem.  
 

	ELABORATE: We will then move on to the scenario that we have the mattress at a fixed distance and need to figure out the angle at which to fire the cannon.  Students will be placed into new groups, with each group containing one representative from each of the prior groups so that at least one member in each group has had extensive experience solving each part of the problem.  In these new groups, students will solve the new problem, with the teacher walking around to help as needed. 

	EVALUATE:  Students will complete a small-group exit ticket at the end of class in which they list the steps they used to solve the “elaborate” problem.  This will be submitted on the Google Doc, with each small group submitting their steps in the space on the Google Doc designated to their group for this portion of the lesson.  
Total Lesson: 90 min

Formative Monitoring (Questioning / Discussion): Teacher will walk around and help groups during group work, and in doing so will get an idea of how individual students are doing.  The teacher will also get an idea of how the class as a whole is doing through the large group discussions.  The teacher will also be able to look at the class google doc to 
Summative Assessment (Quiz / Project / Report): The exit ticket will allow the teacher to see how well they applied the understanding from the first problem to the second.  They will also be given a few practice homework problems which will be collected the next class to assess for independent understanding.  The teacher will also collect the packets which outline the human cannonball problem to gauge individual student understanding of the problem solving process.


	Differentiation for G&T:  Since students will be allowed to pick the questions they want to answer during the first round of group work, G&T students will have the option to pick the harder component of the problem to solve.  Since they will have the whole notes packet to guide them, they can also move on to other sections if they finish early.


	Differentiation for Students with Special Needs and IEPs:  The IEP accommodations in my classes are primarily testing ones.  There are also some students who are given preferential seating, which is already taken care of in the seating chart.  There is one student who is hearing impaired, and the strong visual elements of this lesson (the cannon simulation, working out problems on the board) should help him have access to the material.  In general, the small group setting will allow me to more easily provide individualized attention as we move through the class.  By varying the setting in which students work (whole class to small group to whole class to different small group), we should hopefully change the pace enough to provide “reset” points to students with attention issues or who would simply get bored.

 


Plan B:
· If the cannon simulation doesn’t work, I could manually draw a diagram of the situation on the board in the front of the classroom.  Although we would lose the ability to check our work visually at the end of class, we could still frame the problem the same way and represent the problem visually for students.  I could also plan a short activity for a future class in which students would be able to fire some real projectiles so they get a chance to build on their intuitions, even if it would be less precise.

· If computers or internet are not working and I cannot implement the Google Doc, we could simply have a verbal discussion and I could write key takeaways on the board.  This might make it more difficult for shier students to participate, but I could have all students do a handwritten exit ticket at the end of class so that everyone would have a chance to express knowledge or questions in writing.
Product # 1:  This is the Google Doc I would prepare for the class, with spaces indicated for different portions of the class (full class discussion, small group work, etc).  This would primarily be a tool for providing varied delivery of instructions and means for representing knowledge during class, but could also be used for future reference as a reminder of class discussion and a companion to the non-digital paper worksheet for this lesson, provided later.

Human Cannonball!

CLASS GOOGLE DOC
Class Discussion Part 1:

Before we can solve our big problem (where to place the mattress), there are several smaller questions we need to be able to answer.  We can brainstorm some of these questions by thinking about what we know already, and what we would like to know.  This last piece, what we would like to know, will give us a set of small questions which we can solve individually and then put together to figure out where to place our mattress.

A:  What important things do we know already about projectile motion?

[Students can contribute to discussion here.]

[Teacher organizes and consolidates this written discussion after the lesson for future reference.]
B:  What important questions do we have to answer before we can solve our main problem?



[Students can contribute to discussion here.]
[Teacher organizes and consolidates this written discussion after the lesson for future reference.]
How Different Parameters Affect Projectile Motion:

In your small groups, explore the PhET Cannon Simulation, and briefly answer each of the following questions in the space corresponding to your group.  Type the names of all group members next to your group number.

Group 1:

· What is the relationship between the firing angle of the cannon and the distance the projectile travels?

[Students type responses here.]

· What is the relationship between the initial firing velocity of the projectile and the distance the projectile travels?

[Students type responses here.]

· What is the relationship between the mass of the projectile and the distance it travels?

[Students type responses here.]

· What is the relationship between the size of the projectile and the distance it travels?

[Students type responses here.]

Group 2:

· What is the relationship between the firing angle of the cannon and the distance the projectile travels?

[Students type responses here.]

· What is the relationship between the initial firing velocity of the projectile and the distance the projectile travels

[Students type responses here.]

· What is the relationship between the mass of the projectile and the distance it travels?

[Students type responses here.]

· What is the relationship between the size of the projectile and the distance it travels?

[Students type responses here.]

Group 3:

· What is the relationship between the firing angle of the cannon and the distance the projectile travels?

[Students type responses here.]
· What is the relationship between the initial firing velocity of the projectile and the distance the projectile travels?

[Students type responses here.]

· What is the relationship between the mass of the projectile and the distance it travels?

[Students type responses here.]

· What is the relationship between the size of the projectile and the distance it travels?

[Students type responses here.]

Group 4:

· What is the relationship between the firing angle of the cannon and the distance the projectile travels?

[Students type responses here.]

· What is the relationship between the initial firing velocity of the projectile and the distance the projectile travels?

[Students type responses here.]

· What is the relationship between the mass of the projectile and the distance it travels?

[Students type responses here.]

· What is the relationship between the size of the projectile and the distance it travels?

[Students type responses here.]

FULL CLASS:

· What is the relationship between the firing angle of the cannon and the distance the projectile travels?

[Teacher types statement synthesized from class discussion here.]

· What is the relationship between the initial firing velocity of the projectile and the distance the projectile travels?

[Teacher types statement synthesized from class discussion here.]

· What is the relationship between the mass of the projectile and the distance it travels?

[Teacher types statement synthesized from class discussion here.]

· What is the relationship between the size of the projectile and the distance it travels?

[Teacher types statement synthesized from class discussion here.]

Exit Ticket:  

In your small groups, recap the steps you took to solve this problem.  In the space below corresponding to your group, type a list of steps you would use to solve a problem like this.  Type the names of all group members next to the group number.


Group 1:

[Students type responses here.]


Group 2:

[Students type responses here.]


Group 3:

[Students type responses here.]

Group 4:

[Students type responses here.]

 Product # 2:  This is the worksheet that would be given to guide students through the problem-solving activity as they engage the technology used in the lesson.  Some more conceptual responses would be given via the Google Doc, but much of the writing and math is broken down here.  The digital Google Doc in this lesson is being used primarily to engage the material in the moment rather than to express complete knowledge at the end.  Therefore, this non-digital packet is the best representation of what students would produce from this lesson. 
Name:  ____________________

Date:  _______________

Block:  _______

Human Cannonball!

Our friend and classmate ____________________ has bravely volunteered to be a human cannonball.  All of us want to do everything we can to ensure that s/he has a safe place to land after being fired from the cannon.  Our key question is this:

Our friend is fired from a cannon at a 72° angle from the ground, with an initial speed of 18 m/s.  How far from the cannon do we need to place a mattress in order for him/her to land safely?

Preliminary Questions:

1.) Draw a diagram of this scenario, and sketch our friend’s trajectory.  Indicate which direction is the [image: image2.png]


 direction and which direction is the [image: image4.png]


 direction.
2.) What smaller questions do we need to answer before we can tackle the big question?

3.) Based on these smaller questions, write down step-by-step a process you think you could use to solve our big problem.

4.) What are important facts or observations that we know already which can help us solve this problem?

The Vertical Component of the Motion:

1.) Are there any forces acting on our human cannonball in the vertical direction?  If so, which one(s)?

2.) How will this affect the vertical motion of the projectile?

3.) Sketch the vertical component of the velocity vectors at the five important points along the trajectory indicated below:

   _____

   _____

   _____

   _____

   _____

Beginning


Highest Point


     End

4.) What is the magnitude of the vertical component of our friend’s velocity immediately after the cannon is fired?

5.) Write an equation which will give you the magnitude of the vertical component of the velocity vector at any given time during the trajectory.  Call the vertical component of the velocity [image: image6.png]


, and the time [image: image8.png]


.
The Horizontal Component of the Motion:

1.) Are there any forces acting on our human cannonball in the horizontal direction?  If so, which one(s)?

2.) How will this affect the horizontal motion of the projectile?

3.) Sketch the horizontal component of the velocity vectors at the five important points along the trajectory indicated below:
  _____

   _____

   _____

   _____

   _____

Beginning


Highest Point


     End

4.) What is the horizontal component of our friend’s velocity immediately after the cannon is fired?

5.) Write an equation which will give you the magnitude of the horizontal component of the velocity vector at any given time during the trajectory.  Call the horizontal component of the velocity [image: image10.png]


 and the time [image: image12.png]


.
Other important information:

1.) Once we have worked out the vertical and horizontal components of our human projectile’s velocity, what do we need to do in order to find out how long our friend was in the air before landing?

2.) Now, what do we need to do in order to figure out how far our friend travelled before hitting the ground?

Putting it all together!

So, how far from the cannon do we need to place the mattress?  We can work out this distance using all the information we have worked out so far.  Show your work, and draw a box around your answer!

Recap:  Now, look over your worksheet and write down a step-by-step procedure for how to solve a problem like this.

