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Lab 8: Momentum, Energy, Work, and Power
Gary G. Daddario III

Lab Partner: Mike Lipski

54.211 Section 1

Date of Performance: 3/25/09

Date Due: 4/1/09

Objectives:
1) Combining the use of a ballistic pendulum and the manipulation of the conservation of momentum and mechanical energy laws to determine the initial velocity of a projectile;

2) To determine the initial velocity of the same projectile using two dimensional kinematics analysis of projectile motion; and

3) Applying the uses of work and power in climbing a flight of stairs.
Supplies:
Ballistic pendulum apparatus, digital balance, meter stick, measuring tape, backstop for projectile, safety glasses, stopwatch, and bathroom scales

Introduction:
A great apparatus to be used in order to figuring the velocity of a projectile while also demonstrating the classic laws of physics is a ballistic pendulum. 
[image: image1.png]



The original ballistic pendulum was invented in 1742 by an English mathematician named Benjamin Robins. His invention was the first real development in the application of ballistics science. He intended for his contraption to be able to stop a bullet but allow for the arm to swing so as determining the velocity of the bullet. Robins’ original invention was made of a heavy iron pendulum with a wood facing to catch the bullet. Obviously, current day technology has made the process much safer and more efficient.
The process is simple. First, you load your ball into a projectile launcher. Next, you launch the ball into the pendulum, thus projecting the pendulum outward. Once the pendulum is projected, the arm moves a small angle indicator showing the maximum angle at which the pendulum was moved. From this we can determine the potential energy which is also equal to the kinetic energy immediately after the collision of the ball and the pendulum.
The important thing to remember with the ballistic pendulum experiment is this is an inelastic collision so the kinetic energy of the pendulum after the collision and the kinetic energy of the ball are not the same. This is because kinetic energy cannot be conserved in inelastic collisions. However, we can assume the momentum of the ball before the collision is equal to the momentum of the pendulum after the collision. All we need is the momentum and mass of the ball, and we can calculate the initial velocity.
From the use of a diagram drawn of the pendulum, much like the one above, we can deduce the following:
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Where, h is the height to which


the pendulum of length L swings.
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(1)

Take m ( mass of ball; M ( mass of pendulum; (m+M) ( combined mass, and              v ( velocity of ball m before collision and v΄( velocity of (m+M) after collision.

I.
Momentum conservation during collision (mechanical energy not conserved)



mv + 0 = (m + M)v΄


(2a)


v΄ =
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(2b)
II.
Energy conservation during swing (momentum not conserved)



K1΄ + U1 = K2΄ + U2


(3)


K1΄ + 0 = 0 + U2
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(m + M)v΄2 = (m + M)gh   and dividing by (m + M)
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v΄2 = gh



v΄ =
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(4)
Combine Eq. 2b and Eq. 4:
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mv = (m + M) 
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Solve for v and combine with Eq. 1:



v =
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Procedure: Experiment 1:
1. We assembled the ballistic pendulum by attaching the projectile launcher to aim at the ball catcher while also ensuring that the pendulum could hang at 90° without touching the launcher.

2. We moved the angle indicator to zero and test launched several times to get a feel for the apparatus. Also we recorded the angle we reached based on the reading of the angle indicator.
3. The pendulum was removed entirely from the apparatus and weighed it with the ball inside of it. Then we measured the mass of the ball itself.

4. The center of mass of the pendulum (with ball) was found by balancing the pendulum on the edge of a meter stick until the pendulum (with ball) remained balanced. Then we measured the distance from the pendulum arm pivot point to the point we found and recorded it as the distance to the center of mass (L).
5. The pendulum was placed back onto the apparatus and the ball was loaded. We placed the angle indicator 1-2° from the point we found earlier and launched five times, recording the values for each and the overall average.

6. Next, we used equation five to calculate the muzzle velocity of the projectile launcher.

v = 
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Table 1: Experiment 1 Trials Data
	
	Mass of Pen.
	Mass of Ball
	Angle (Start)
	Angle (Found)
	Angle Avg.

	Trial 1
	311.2
	65.9
	24.0
	26.5
	26.6

	Trial 2
	311.2
	65.9
	24.5
	26.25
	

	Trial 3
	311.2
	65.9
	24.25
	26.5
	

	Trial 4
	311.2
	65.9
	24.0
	26.5
	

	Trial 5
	311.2
	65.9
	24.0
	27.0
	


This table shows the results from the five trials during experiment 1.

Procedure: Experiment 2:
1. We decided to verify our muzzle velocity by applying it to the properties of projectile motion. We performed this by setting the end of the muzzle on the launcher equal to the edge of the table, measuring the distance from the muzzle to the floor, and firing the ball.

2. The point at which the ball hit the floor was quickly sight marked and measured to find the distance in the x-direction.

3. We then used the equation, 
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, to determine the amount of time the ball was traveling before it hit the floor.

4. Next, the equation, V = 
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 was used to determine our experimental muzzle velocity. We calculated the percent difference between our value with the value found earlier in experiment one.
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Procedure: Experiment 3:
1. First, my partner and I were to find a set of steps to walk up, so we left the building and used the side entrance steps to the Hartline Science Center.
2. We then gathered specific data about the steps themselves:

Number of steps = 

5 steps

Height of single step (cm) =
17.4 cm

Height of single step (m) =
.174 m

3. Next, each of us proceeded to climb the steps while being timed by the other:
Total height climbed (m) = 
.870 m

Climb time (nearest .1 s) = 
2.7 sec.

4. Then we weighed ourselves using a metric bathroom scale:

Mass (kg) =


102.8 kg

Weight (N) =


1008.47 N

5. Finally, we calculated the work we did in climbing the stairs using the formula, W = fd, and the average power rating in watts, kilowatts, and horsepower using the formula, P = 
[image: image20.wmf]T

W

.
W = fd = (1008.47 N)(.870 m) = 877.4 J

P = 
[image: image21.wmf]T

W

 = 
[image: image22.wmf]sec)

7

.

2

(

)

4

.

877

(

J

 = 324.96 watts
324.96 watts = .325 kilowatts = .44 horsepower
This was determined using the conversion factors 1 kW = 1000 watts and 1 hp = 746 watts.

Conclusions:
Through the process of this experiment, my partner and I were able to determine several things. First, we found out the ballistic pendulum is an excellent way to determine the velocity of a bullet after leaving the barrel. We also found out the principles of projectile motion can also accurately determine the velocity out of the barrel to a closeness of the ballistic pendulum. 
Appendix 1: Lab Questions:
Question 1:
What percentage of the kinetic energy is lost in the collision between the ball and pendulum, according to your measurements? Use the equation:

% lost =
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Our calculations:

K = 
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Our percentage of kinetic energy lost = 78.7%
Question 2:
How does the angle reached by the pendulum change if the ball is not caught by the pendulum [i.e., is the angle larger or smaller]? Test this by turning the pendulum around so the ball strikes the back of the ball catcher (simulating an approximately elastic collision).
Answer: The angle is much greater due to the change from an inelastic collision to an elastic collision.

Question 3:
Based on the results of your test of Question 2, is there more energy or less energy transferred to the pendulum when the ball is not caught?


Answer: There is a lot more energy transferred to the pendulum when the ball isn’t caught. This also is due to the change from an inelastic collision to an elastic collision.
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