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Overall Description
The Physics Cannon Lab turns your class into a government technical team tasked with calculating the velocity of a prototype tennis ball cannon.  The cannon is not included, but a set of directions on how to build it are provided. Depending on how much information you provide ahead of time, students will need to determine a way to take the available equipment and devise a test firing range, take data, and finally calculate the velocity of the cannon using two different methods.  Those methods will be 1) using momentum by measuring the recoil velocity of the cannon and 2) using projectile motion by measuring the height the ball falls and the distance it travels in the horizontal direction.

The following handouts in both Word and PDF format are included:

* Cannon lab handout (CannonLab.doc)
* Cannon lab handout answer key (CannonLab_Key.doc)

* Excel spreadsheet that will calculate all of the answers from input data (CannonLabCalcs.xls)
* Step by step directions on building and firing the tennis ball cannon (HowToCannon.doc)
* A larger data table for use as an overhead for students to track data (CannonLabDataTable.doc)
* An instructor’s guide with notes and (CannonLabNotes.doc)

Product: Physics Cannon Lab
Product Type: Experiment Handouts / Materials

Single License: Can be used by one teacher with all of their classes
Curriculum: Physics / Mechanics / Momentum and Projectile Motion
Level: Grades 9-12 & college

Objectives:
1)  Work together to set up an experimental test range
2)  Develop a way to calculate the velocity of the ball coming out of the cannon in two ways (one momentum and one using projectile motion)
3)  Work together to take data of heights, distance, masses, and data to calculate the velocity of the cannon
4)  Calculate the velocity of the ball leaving the cannon in m/s and mi/hr in two ways

5)  Do a % error calculation and determine how high the cannon could shoot the ball 

Time To Use:
~ 2 hours or two periods of instruction

Requirements: Excel (optional)
The documents are downloaded as a zipped file.  
Please e-mail mmscience@multimediascience.com if you have any questions.  

Required Materials

· Tennis Ball Cannon (see HowToCannon.doc)

· Premium lighter fluid in a squirt bottle

· Gas lighter

· Metric Mass Scale

· Spark Time or Photo Gates

· Tennis ball(s)

· Large piece of paper

· Several sheets of carbon paper

· Smooth table

· Open wall to shoot at

Basic Setup
In order to calculate the velocity of the tennis ball using two methods, all of the data in the data tables must be collected. The cannon must be placed on a fairly high and long smooth table and attached to spark timer tape that goes through a spark timer.  The cannon should be well away from and aimed at a wall where the paper can be hung and covered with the carbon paper.  The distance to the paper from the position of the tennis ball should be measured. Lighter fluid is squirted into the firing chamber of the cannon (see HowToCannon.doc) and lit using the gas lighter.  Once the lighter fluid is injected, NO ONE SHOULD STAND IN FRONT OF THE CANNON.  The ball (hopefully) will hit the carbon paper and leave a mark. Using the mark, the height above the floor where the tennis ball hit can be measured (use the center of the ball for the measurement).  Also measure the initial height to the middle of the cannon barrel.  
Step by Step
Following is a suggested step by step lab teacher’s lab procedure:

1) I typically take one or more students from each lab group and task them with setting up the lab and taking data.  Depending on the level of the class, you can decide how much guidance to give them.  

2) The remaining students are tasked with reading through the lab and determining the solution and equations to find the velocity of the ball leaving the cannon using two different methods.  You could start the class by opening the discussion with that question before handing out or showing any other materials other than the cannon.  This leads to an interesting discussion.

3) Once the students start to see that they need to use momentum and projectile motion, you can share with them the materials that are available.  
4) One team of students might set up the cannon and Spark Time, another might measure the x and y distances, another might hang the paper on the wall and attach the carbon paper, another might measure the masses, and another take the data on an overhead to share with the class (and for you to use to put into the Excel spreadsheet to get the answers).

5) After everything is set up, the cannon is fired, and the final height of the ball is measured from the carbon imprint on the paper hung on the wall.
6) Students can then begin and finish the calculations on the lab handout.

Notes
This lab takes a lot of time and energy to set up the first time, but it is one that the students will talk about for years to come.

It is not unusual for the ball to be measured leaving the cannon at close to 100 mi/hr.  This means that the cannon is actually dangerous and should be handled with care.  Note that the recoil of the cannon is also pretty severe, so make sure that you or a student you trust is available to catch the cannon before it goes off the table and onto the floor.  

When I made my first cannon, I did not have anyone tell me this.  The recoil of the cannon took the cannon over my hand and onto the floor, giving it a mashed can that remained for the many years that I was able to use it. Meanwhile, the ball hit the wall and came back to hit me in the head.  I am not making this up and am lucky that this did not happen in front of a class.

If you make several cannons, you will find that some of them work great all of the time, while others are hit and miss.  The most critical component is the fit of the ball in the barrel of the cannon.  Other physics teachers at my school constructed a “better” cannon out of PVC piping that never worked consistently.  When fired, there would be a big whoosh, and the ball would gently roll out onto the floor.  We later found that if we wrapped the tennis ball in some paper, to make the fit a bit tighter, this new cannon would fire very nicely.  Unfortunately, it also sent a piece of flaming paper after the tennis ball.
