Ballistic Pendulum

Ballistic Pendulum

Definition: A heavy block suspended by strings so that its swings are restricted to one plane. If a bullet is fired into the block, the velocity of the bullet may be calculated from a measurement of the angle of the pendulum.

In an experiment on conservation you may have determined that momentum is conserved in all collisions and that kinetic energy is conserved only if the collision is perfectly elastic. You may have also studied projectile motion and discovered that horizontal and vertical motions are independent. You will use these ideas to determine the muzzle velocity of a spring-loaded gun in two ways.

In the first part of the experiment, the spring gun attached to the ballistic pendulum apparatus will impart a horizontal velocity to the ball. By measuring the range, x, and determine the time, t, muzzle velocity, vo, may be determined.

In the second part of the experiment, the spring gun will be fired into the catcher pendulum. This inelastic collision will conserve momentum, establishing the relationship between the velocity of tile ball and the velocity of the ball and catcher assembly. Then the pendulum's motion completely converts the system's kinetic energy to potential energy. Working backwards from potential energy, kinetic energy (and hence, the momentum) of the ball/catcher combination can be determined. Conservation of momentum will provide the second method for calculating muzzle velocity.
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	1. Balancer
	2. Pressing Reed
	3. Thread Regulator

	4. Pointer
	5. Pendulum Line
	6. Scale Plate
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	8. Bullet Hole
	9. Bullet

	10. Gun Barrel
	11. Breech Bolt
	12. Leveling Screw

	13. Trigger
	14. Base Plate
	15. Poking Rod


Kinematics

In the kinematics portion of the lab, we base our calculations on the most basic

kinematics equation:
vo = x/t
In this equation, x is the horizontal distance ("range") that you will physically measure over the coarse of ten trials. Time, t that the ball is in the air is calculated exactly as in Lab 3 (Bull’s Eye Lab). Determine how far it will fall and use a form of the free fall equation: y = ½ gt2
You should now have both unknowns and can calculate vo
Conservation

In a decidedly more complex series of calculations, vo may also be determined using conservation of momentum during the collision and conservation of total energy during the pendulum swing. We're after vo, which is the speed of the ball immediately after it has been fired (again, we’re not interested in direction). We know that momentum will be conserved, so:

Pbefore = pafter
Pball before + P catcher before = P (ball + catcher after)
Pball before + 0* = P(ball + catcher after)
*(vcatcher before = 0)

And according to the equation for momentmn, P:

mball vball = m(ball + catcher) v(ball + catcher)
If we had v(ball + catcher), we could calculate vball, which is what we're after (it's the same thing as vo). We can use conservation of energy in the system from the moment the ball strikes the catcher until it stops at the top of its "swing". Start with the equation for total energy in the system:

Total Energy (TE) = Potential Energy (PE) + Kinetic Energy (KE)

Noting that potential energy is the "energy of position" (= mgh) and that kinetic energy is the energy of motion (= ½mv2), it should be obvious that at the top of the swing, all of the energy is in the form of potential energy and can be evaluated by measuring the change in height and multiplying it by gravity and ball + catcher mass:

PE = m(ball + catcher)ghavg.

It should also be obvious that at the moment that the ball impacts the catcher, all of the energy is in the form of kinetic energy since the system has no height. Recognizing that this amount of energy is the same as potential energy at the top of the swing, we can set them equal and evaluate v (ball + catcher):

m(ball + catcher)ghavg = ½mv(ball + catcher)2
Solving for v (ball + catcher):

v(ball + catcher) = [2ghavg]½.

Substituting this value back into our momentum conservation from earlier, we can solve for 
vball (=vo):

mballvball = m(ball+catcher)v(ball+catcher)
vball = vo = (m(ball + catcher)/mball) v(ball + catcher)
Now you can compare the values of muzzle velocity as calculated by two distinctly different ways.

Pre-Lab

Ballistic Pendulum

1. In Part 1 of the lab, what equation of kinematic motion will be used to determine muzzle velocity?

2. When firing a steel ball across the laboratory, what would be a recommended safety precaution?

3. Conservation of what property is utilized in Part 2 of the lab?

4. What type of collision takes place between the ball and the catcher?

5. At "ground level", how much potential energy does an object have?

6. When an object has zero velocity, how much kinetic energy does it have?

Objectives

· Calculate the muzzle velocity of the ball by kinematics.

· Calculate the muzzle velocity of the ball by conservation.

Material
· Ballistic pendulum laboratory apparatus

· Meter stick

· Carbon paper

· Plumb line

Procedure

Part 1: Kinematics

1. Secure the catcher pendulum out of the path of the ball.

2. After having cleared the path of the ball, fire the gun and note where the ball lands.

3. Affix paper/carbon paper on the floor at the point of impact.

4. Fire the gun ten times, making sure that marks are being made on your paper.

5. Measure and record in a table the distance from the point directly beneath the release point of the ball to each of your ten marks.

6. Determine the average horizontal distance, x, the ball travels.

7. Measure and record the vertical distance the ball drops. Use this to calculate, t, according to y = ½ gt2
8. Use this time and the average distance calculated in step 6 to calculate muzzle velocity according to vo =x/t
Part 2: Conservation

1. Return the catcher pendulum to its vertical position.

2. Use tile bar scale to weigh the ball and record its mass.

3. Locate and record the indicated mass of the catcher (cup).

4. Fire the ball into the catcher. (If properly aligned, the ball should lodge in the catcher.)

5. Measure and record the height attained by tile catcher, h.

6. Repeat until ten data points have been recorded and calculate the average height, havg.

7. Use havg to calculate the system's potential energy, 
according to:
PE = m(ball + catcher)gh
8. Final (potential) energy is equal to initial (kinetic) energy,
according to:
m(ball + catcher)gh = ½ m(ball + catcher)v(ball + catcher)2.

9. This velocity, v(ball + catcher), can be used to determine the momentum after the collision,
according to: P(ball + catcher) = m(ball + catcher)v(ball + catcher).
10. Momentum before the collision is given by:
P= m(ball)m v v(ball) + m(catcher) v(catcher) where v(catcher) = 0

11. Conservation of momentum dictates the momentum before the collision will equal the momentum after the collision. The muzzle velocity can be calculated according to:
m(ball + catcher)v(ball + catcher) = m(ball)v(ball)
where v(ball) is the muzzle velocity that we seek.

Discussion

1. Using the muzzle velocity calculated in Part 1, calculate the percent error of the muzzle velocity determined in Part 2.

2. Which method do you think provides the more accurate determination of velocity? Why?

In both parts of the lab, you are being asked to determine the "muzzle velocity", vo that the firing mechanism can impart to the steel ball. In this case, muzzle velocity refers to the speed of the ball (we aren’t too concerned about direction here) just after it has been fired.

In the first part of the lab, we will use our familiarity with kinematics (specifically, motion in two directions) to calculate vo. In the second part, we recognize that we have an inelastic collision and we recall that momentum is conserved. But in order to complete vo calculations, we will also rely on the conservation of total energy (denoted TE and defined as the sum of potential energy, PE, plus kinetic energy, KE) within the system.

