IB Physics

The Ballistic Pendulum

This is a classic Physics lab and standard problem for first year Physics students.  A ball strikes and sticks to a pendulum bob whose mass you know.  That, some ingenuity, g and the mass of the ball and change in height of the pendulum bob will give you the initial speed of the ball launcher.  Why do you do this?  Because you can!!

Here's what to do:

1. You will need a ballistic pendulum apparatus, a sheet of white paper, and a sheet of carbon paper.  Set it up so that the gun can launch the ball where it will strike the floor without hitting anything first.

2. Make the apparatus level by adjusting its feet.  

3. Mass the ball, place it on the gun, cock the gun, and fire it into the pendulum.  Make a note of what angle the pendulum swings to before coming to a halt.  Measure the length (From the axis of rotation to the center of mass of the pendulum) and mass of the pendulum with the ball in it.

4. Move the pendulum up out of the way and shoot the ball onto the sheet of carbon paper on the floor so that the ball's impact makes a mark on a clean sheet of paper beneath.  Measure the vertical and horizontal displacement between the ball's final position in the gun, and the final on the floor.

5. Estimate the uncertainty in all 6 things you measured.  Write these in a nice neat table.

6. Using the horizontal and vertical displacements of the ball when you shot it off the table, calculate the initial horizontal velocity of the ball when it was shot.  (It is a cliff problem!)  Also, using your uncertainties use brute force to calculate the maximum and minimum possible.

7. Using the ball and pendulum mass, and the angle to which it swung, calculate the initial horizontal velocity of the ball when it was shot.  (The collision with the bob is a momentum problem, the ball swinging to some height is an energy problem.  You can use the length of the pendulum and the angle to calculate the change in height of the system) also, using your uncertainties use brute force to calculate the maximum and minimum possible.  This will be a pain.

Answer these questions:  

A. •Are the two velocities the same?  If they are not, •are they taking into account your uncertainty? (cite data)

B. What amount of Kinetic energy is lost when the ball collides with the pendulum bob?  •Show this calculation. (Don't forget to convert grams to kilograms) 

C. •What properties inherent to the apparatus and procedure itself could have contributed to discrepancies in the two velocities?  (Be really specific)

Your lab write up should include the following:

•A Purpose

•A detailed labeled diagram of the setup including all measurements you made.

•A good data table for all quantities you measured.

•Your calculations for step 6.   •The uncertainties for Step 6   Show your work.

•Your calculations for step 7.   • The uncertainties for Step 7  Show your work.

•The answers to questions A, B and C.  Each Bullet indicates a question for which an answer is required.
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