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Ballistic Pendulum PreLab

Instructions: Prepare for this lab experience by answering the following questions. Note that this is a PreLab, and that PreLabs must be turned in at the start of the lab period. Time will not be given in lab to perform PreLab activities; after the start of lab activities PreLabs will not be accepted. Restrict your responses only to the space provided; think carefully before you write. This lab assumes that you are familiar with the concepts of conservation of momentum and energy.

1. A ball is thrown horizontally from the window of a building. It falls 15 meters before hitting the ground 22.5 meters to the side of the building. At what speed was the ball thrown? Ignore friction and show all work.

2. Two carts collide and stick together. The velocity of cart one is +2.3 m/s and of cart two –5.5 m/s. If the mass of cart one is 1 kg and of cart two is 1.5 kilogram, what is the resulting motion. Show all work.

3. A bullet with a mass of 9 grams moving with a speed of 125 m/s slams into and wedges in a 1.5 kilogram block of wood initially at rest. The block is supported by a set of strings in the horizontal position. How high does the block swing after being hit by the bullet? Show all work.
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Ballistic Pendulum Lab Guidelines

Objectives: At the conclusion of this lab activity, the student should be able to clearly and accurately:
· Use the kinematics of projectile motion to calculate the horizontal launch velocity of the projectile.

· Use the principle of conservation of momentum to determine the initial velocity of the ballistic pendulum after impact.

· Use the principle of conservation of energy to predict the height to which the ballistic pendulum will rise.

· Calculate how well energy is conserved in the collision between the projectile and the ballistic pendulum.

· Calculate how well momentum is conserved in the collision between the projectile and the ballistic pendulum.

Task 1. Use the kinematics of projectile motion to calculate the horizontal launch velocity of the projectile.

a. Examine the ballistic pendulum to determine how it works. Note that the projectile, a ball, is launched from a launcher and will immediately be caught up in the ballistic pendulum arm where it is held in place by jaws tensioned with a rubber band. The pendulum will then swing upward where it will be caught by a trip mechanism. Try launching the ball a few times to see how the ballistic pendulum works.

Q1. 
What type of translational energy does the ball have immediately after having left the launcher and before it is captured by the pendulum arm? 

b. With your knowledge of projectile motion, determine experimentally the launch speed of the ball. Do this by first suspending the pendulum arm and then launching the ball horizontally. By measuring horizontal distance of flight, dh, and with knowledge of the vertical fall distance, dv, and the acceleration due to gravity, g, you should be able to readily calculate the launch speed of the ball. 

c. Practice launching the ball and note approximately where it lands on the floor. (Be careful not to shoot the ball in a direction where it will be a hazard to anything or anyone in the room. The ball typically flies 2-3 meters.) In the location where the ball hits the floor, place first a piece of white paper, a piece of carbon paper face down, and cover these with yet another piece of white paper. Tape all three pages into place. Launch the ball 4-6 times. Using a meter stick, determine the average horizontal distance of flight, dh, as well as the vertical fall distance, dv.
d. You will now determine the horizontal launch velocity of the ball by making a few calculations and measurements. 

Q2. 
Which kinematic equation will you use to determine the experimental horizontal launch velocity, vh, given only horizontal distance, dh, and horizontal travel time, t?

Q3.
Which kinematic equation will you use to determine the horizontal travel time, t (which is identical to the vertical drop time), given the acceleration due to gravity, g, and the vertical distance, dv?

Q4.
Given the above equations, what is the experimental horizontal launch velocity, vh, in terms only of dh, dv, and g?

Q5.
What is the experimental horizontal launch velocity, vh, in meters/second?

Task 2. Use the principle of conservation of momentum to determine the initial velocity of the ballistic pendulum after impact.

a. The collision between the ball and the pendulum arm is inelastic. That is, energy is lost in the collision process and the ball’s kinetic energy is not entirely transferred to the pendulum arm. Some of the ball’s kinetic energy becomes sound, heat, and possibly even light, and some of it gets tied up as elastic potential energy of the rubber band holding the clamps in place.

b. Interestingly enough, the ball’s momentum is conserved in such an inelastic collision. Using the principle of conservation of momentum, determine the initial velocity of the ball-pendulum system, vp.
Q6. 
Given the pinitial = pfinal, what is the equation that governs this collision? Solve for vp in terms of variables only.

Q7.
Using the above equation, what is the value of the theoretical initial pendulum velocity, vp? Include units.

c. Note that this initial velocity represents the motion of the center of mass of the ball-pendulum system. That is, the ball’s momentum is now manifest in the motion of the entire pendulum, not just the end of the pendulum arm. 

Task 3. Use the principle of conservation of energy to predict the height to which the ballistic pendulum will rise.

a. Because there is very little dissipation of energy due to frictional forces as the ball-pendulum system swings upward, we can use the principle of conservation of energy to predict the height to which the center of mass of the ballistic pendulum will rise.

b. Find and mark the center of mass of the ball-pendulum system. The center of mass location will coincide with the point at which the arm balances. Balance the ball-pendulum arm combination on the side of a pencil or ruler to find the location of the pivot point. This is the center of mass.

c. Note that the initial kinetic energy of the ball-pendulum system will allow the arm to swing upward to a certain height. You must devise a method for determining the change of height of the center of mass, (hcom.
Q8.
In equation form, what is the initial kinetic energy of the center of mass of the ball-pendulum arm?

Q9.
In equation form, what is the change of potential energy of the center of mass of the ball-pendulum arm?

d. According to the principle of conservation of energy, the kinetic energy of the ball-pendulum should convert entirely into a change of potential energy as it rises to maximum height. Set the two above equations equal to one another and solve for hcom. Show your work as part of the response to the next question.

Q10.
From the your calculation, what is the expected change in height for the center of mass, hcom?

Q11.
What are your experimental and theoretical values of hcom?


Experimental Value: 




Theoretical Value: 




Q12.
What is the percent error of the experimental value relative to the theoretical value? Show your calculation. 

Task 4. Calculate how well energy is conserved in the collision between the projectile and the ballistic pendulum.

a. Because of the reasons listed above, the energy of the ball in the collision with the pendulum arm is not entirely conserved as energy of motion. It IS conserved (“energy can neither be created nor destroyed), but in forms that are very difficult to account for in the instructional lab setting.

b. In order to calculate how well the energy of motion is conserved, we need to compare the initial kinetic energy of the center of mass of the ball-pendulum system with the initial kinetic energy of the ball. This comparison can be taken as a ratio between the initial kinetic energy of the center of mass and the initial kinetic energy of the ball. If the ratio is one, there is 100% conservation. If the ratio is, say, 0.79, then there is a 79% conservation of energy of motion and a 21% energy loss to other energy forms.

Q13.
Find the experimental initial pendulum velocity, vp, derived from your conservation of energy calculation. Show your work.

c. In order to simplify the following calculations, it is best to complete the table below so that you have needed quantities at hand.

	
	
	Experimental Value
	Source

	
	Velocity of ball


	
	Q5

	
	Velocity of pendulum


	
	Q13


Q14.
How well is kinetic energy conserved in the collision between the projectile and the ballistic pendulum arm? Show initial equations and all work. (Be certain to use experimental values for velocities.)

Task 5. Calculate how well momentum is conserved in the collision between the projectile and the ballistic pendulum.

a. In the collision of the ball with the pendulum arm – an inelastic collision – momentum is conserved. That is, pinitial = pfinal. 

b. In order to calculate how well momentum is conserved, we need to compare the initial momentum of the ball with the initial momentum of the center of mass of the ball-pendulum system. This comparison can be taken as a ratio between the initial momentum of the center of mass and the initial momentum of the ball. If the ratio is one, there is 100% conservation. If the ratio is, say, 0.96, then there is a 96% conservation of momentum and a 4% loss.

Q15.
How well is momentum conserved in the collision between the projectile and the ballistic pendulum arm? Show initial equations and all work. (Be certain to use experimental values for velocities.)

Task 6. Use the principle of conservation of energy to determine the spring constant of a projection spring.

a. The elastic potential energy of a spring is given by the equation Espring = (1/2)kx2 where k is the spring constant, and x is the displacement from the equilibrium position.

b. Given your knowledge of the initial kinetic energy of the ball (which comes entirely from the elastic potential energy of the spring), determine the value of the spring constant in the launcher.

Q16. In equation form, what is the spring constant in terms of mass of the ball, mb, initial velocity of the ball, vb, and displacement from equilibrium of the launcher when ready to launch?

