BALLISTIC  PENDULUM

OBJECTIVES

In this lab, you will be using a device called a ballistic pendulum to produce projectile motion. You will calculate the initial velocity of the projectile by measuring the height and range of the motion. Next, you will use conservation of energy and momentum to again calculate the initial velocity of the projectile. You will then compare these two values.

APPARATUS

One Ballistic Pendulum

A meter stick

Vernier Calipers

A level

Large C clamps

Cardboard

Digital scale

INTRODUCTION

Projectile Motion

The first part of this lab involves finding the velocity of the ball as it is launched from the spring loaded gun by using projectile motion concepts. The projectile leaves the spring loaded gun at an initial velocity that is purely in the horizontal (x) direction. Gravity will act on the projectile, forcing the motion onto a parabolic path. The projectile will hit the floor some distance away from the gun.

The general equations of motion are:
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We can simplify the equations by stating that the initial velocity is only in the x direction:
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Also, gravity only acts in the y direction.

[image: image7.wmf]  

a

x

=

0









(7)


[image: image8.wmf]  

a

y

=

-

9

.

8

 m/s

2








(8)
Finally, choose your coordinate system centered at the initial position of the projectile so that x0 = y0 = 0. The equations of motion are now:
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Conservation of Energy and Momentum

For the second part of the lab, we will catch the ball in the ballistic pendulum and calculate its velocity using conservation of energy and momentum. The ballistic pendulum is a device that catches a projectile and swings up to a certain height. By measuring the height of the swing, the initial velocity of the projectile may be calculated. The pendulum bob is positioned so that it catches a projectile while hanging at rest in its lowest position. Before the collision, the projectile of mass m is moving with speed v and the pendulum bob of mass M is at rest. After the collision, the projectile and the bob move as one at the speed V. By the conservation of momentum, the total momentum of the system remains constant:
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Re-arranging this equation, we can solve for V.
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Figure 1: Measurement of height for ballistic pendulum experiment

Just after the collision, the pendulum bob is moving with speed V. As the pendulum swings, its center of gravity rises. See Figure 1 for a picture of what happens. The pendulum's speed will be zero at the highest point in the swing. The height h and the speed V may be related by using conservation of energy. If the coordinate system is chosen so that the origin is at the pendulum's lowest position height, then the potential energy at the lowest position is zero. The above information is summarized with:
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Since the total energy is conserved during the pendulum swing (ignoring for the moment any losses associated with the spring pointer that holds the bob when it stops), we can write:
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We can now solve completely for V using equation 15 and plug that result into equation 14 to solve for the initial velocity, v.

PROCEDURE

Part I

1. Clamp the ballistic pendulum to a board and level it.

2. Swing the pendulum arm up onto the catcher to keep it out of the way for this part of the experiment.

3. Cock the gun and fire it once to see approximately where the projectile lands on the ground. Place a piece of cardboard on the ground at this approximate landing position. A mark will be made on the cardboard as the projectile lands. Use a pen to mark the location.

4. Fire the projectile at least five times onto the cardboard. The apparatus should be kept in the same initial position for each of these firings. Make sure the apparatus is level and clamped down for each firing. In addition, hold the gun still while firing to prevent it moving.

5. Carefully measure the vertical distance from the gun to the floor. Measure the horizontal distance that the projectile traveled for each firing.

6. Use these measurements to calculate the initial velocity of the projectile for each run. Compute the average and standard deviation for your measurements.  Calculate the uncertainty on your final result.
7. Measure the change in length of the spring between the cocked and uncocked positions. Compute the energy stored in the spring when it is cocked. By energy conservation, and using your measured value of v0, determine the spring constant of the spring in your ballistic pendulum.

Part II

8. Fire the ballistic pendulum so that the ball is caught by the pendulum at least five times. For each run, measure the height, h,  of the pendulum bob center of mass indicator.

9. Use the heights to calculate an average value for, and an uncertainty on, the initial speed of the ball, v. You will need to use a balance to measure the mass of the ball and the mass of the pendulum bob for your calculations.

10. Compare your answer for v for the two methods (projectile motion and conservation laws). Calculate a percent error.  Discuss what your results imply about the physical principles at work in this experiment.
11. Include all measurements and calculations. Calculations may be done by calculator or spreadsheet. Be sure to indicate which measurement you think has the least error and why. Also answer this question: We assumed energy was conserved once the ball and pendulum bob started swinging together until they reached their final height. Is energy conserved in the collision between the ball and the pendulum bob? 
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