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(@ Lab Orientation 2 - 4 31649 20959 0.100 kg*m/s | 0.075 kg*mis a
. Exp 1: Vector Addition: Force Table

Table 2.
. Exp 2: Kinematics
B Exp 3: Uniformly Accelerated Motic Trial my mz KE KE" % Difference | Ave.% Diff
. Exp 4: Friction and the Inclined Pla 0.008 0.003
1 21649 2095¢g 2.2 2,2
. Exp 5: Centripetal Acceleration kg*m?/s’ kg*m?/s’
. Exp 6: Conservation of Momentum
1 216.4 209.5 eont 000
. Pre-Lab 49 .59 kgrm?/s? kgrm?/s?
% Pre-Lab and Pre-Lab Summz
0.010 0.004
+ New. 1 21649 20959 romYs? mZs?
. Background orms orms
Introduction and Purpose 0.013 0.007
2 316.4 209.5
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<+ New.
Proced D: d Post-Lat: 2 316.4 209.5 o013 0008
. rocedures, Data, and Post-Lal 49 .59 kgrm?/s? kgrm?/s?
@ Procedure, Data, and Post L:
0.008 0.005
<P e 2 31649 2095g ramile? romYe?
@ 1730 Questionnaire: Experimen g g
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. Lab Orientation 2 - 0.008 0.005 N
B Exp 1: Vector Addition: Force Table 2 31649 20959 Kkg'm¥/s? Kkg'm¥/s?

. Exp 2: Kinematics
. Exp 3: Uniformly Accelerated Motic 3 21649 2005g 0.005 0.004
kg*m?/s? kg*m?/s?
. Exp 4: Friction and the Inclined Pla
. Exp 5: Centripetal Acceleration 0.007 0.007
3 21649 2095¢g 202 202
B Exp 6: Conservation of Momentum kg'm®/s kg'm®/s
Pre-Lab
. 0.009 0.008
[2) Pre-Lab and Pre-Lab Summ 3 21649 20959 kgrm?/s? kgrm?/s?
<+ New.
0.013 0.011
@B Background 4 31649 2095¢
kg*m?/s? kg*m?/s?
% Introduction and Purpose
% Theory 4 31649 20959 0.018 kg*m?s? | 0.015 kg*m?/s?
+ New.. 4 31649 20959 0.016 kg*m?s? | 0.013 kg*m?/s2
. Procedures, Data, and Post-Lat
@ Procedure, Data, and Post L: (Cory Nook - Jul 26, 2020, 146 P11 COT
New.. = 7
+ Post Lab Questions (25 Points)
@ 1730 Questionnaire: Experimen
<+ New...

Cory Nook - Jul 28, 2020, 1:54 PM CDT
. Exp 7: Ballistic Pendulum and Proj

[ Exp 8: Rotational Motion 1. To what do you attribute the percent difference in p and p* ? Do the results of your experiments agree with the law of conservation of

im PreLab momentum? Why or why not?
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Cory Nook - Jul 28, 2020, 1:46 PM CDT

Cory Nook - Jul 28, 2020, 1:54 PM CDT

1. To what do you attribute the percent difference in p and p” ? Do the results of your experiments agree with the law of conservation of

momentum? Why or why not?

2. In which experiment did you attain the lowest average percent difference in total momentum? Why do you think this experiment

worked better than the others?

3. To what do you attribute the percent difference in KE and KE" in the elastic collision? Do your results show kinetic energy to be
conserved? Is the total energy conserved?

4. To what do you attribute the percent difference in KE and KE" in the inelastic collisions? Is kinetic energy conserved? Is the total
energy conserved in these collisions? Explain.

5. Suppose the air track were tilted during the experiments. Would momentum be conserved in the collisions? Why or why not?
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Introduction
All objects in motion possess momentum and kinetic energy. The momentum of a particle is defined to be the product of its mass (m) and velocity (v), or
p=mv Equation 1

Since velocity is a vector quantity, momentum is a vector quantity that possesses the same vector properties as the velocity but whose magnitude is scaled by the value of the mass. Thus,
the momentum is sometimes referred to as the “quantity of motion™ an object possesses.
Objects in motion also possess kinetic energy, which also depends upon the mass and velocity of the object, but in a different way. The exact relationship is given by the equation

KE = (1/2)*m|v? Equation 2
‘where the symbol KE represents the kinetic energy and |v|Z is the absolute value of the square of the velocity, which is a scalar quantity. Thus the kinetic energy is a scalar quantity.

The law of conservation of momentum states that the total momentum of an isolated system does not change. The momentum gained by one object in a system due to an interaction or
collision is equal to the momentum lost by the other object. The law of conservation of momentum is a very important and useful law of nature. It holds true even in cases where
Newtonian mechanics does not and thus is a more fundamental concept. This conservation law is also a restatement of Newton’s third law and holds true for all isolated systems, ie..

ones in which no external forces act.
Purpose

Upon completion of this investigation the student will be able to define momentum and kinetic energy and explain the law of conservation of momentum, The student will also use the
law of conservation of momentum to predict the resulting speed and direction of objects involved in one-dimensional collisions. and understand the difference between elastic and

inelastic collisions and how each type of collision affects the kinetic energy of the system.
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Conservation of momentum holds true in such complicated interactions as those between explosion fragments or in collisions between bullets and clay targets in the air as well as the

‘more simple interactions that you will study in this lab. The total momentum in the system before and after the interaction or collision is always the same value.

In this investigation, you will use a simple, linear, two-object system to study the law of conservation of momentum. The objects will be gliders with various masses that will be collided

along an air track. The total momentum (p) of this system before the collision is given by:

p=m;vi+mov, Equation 3
where vy and v, are the velocities of gliders 1 and 2 before the collision. The momentum of the system after the collision is given by

pEmyvy’+movy' Equation 4
where vy and v, are the velocities of gliders 1 and 2 after the collision. The momentum before and after the collision must be the same, or

pp’ Equation 5

Since momentum is a vector quantity, remember to choose a positive and negative direction for your calculations.

‘When a moving ball makes a head-on collision with another ball (of the same mass) at rest, the moving ball comes to rest and the other ball moves away with the speed of the first ball.
This is an elastic collision — the objects rebound from each other without any lasting deformation or the generation of heat. Thus, in an elastic collision kinetic energy and momentum are

both conserved.

‘When objects stick together after a collision, there will be some heat generated and/or some lasting deformation of one or both of the objects. This type of collision is called inelastic.
‘While momentum is always conserved in these collisions, kinetic energy will not be conserved in an inelastic collision—some of the kinetic energy is converted into other forms of

energy (can you name at least two?).
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. Lab Orientation 2 -
Vza N2 N O Content LA Fourteen - May 21, 2020, 4:27 AM CDT
. Exp 1: Vector Addition: Force Table
. Exp 2: Kinematics 1. Set up the air track as shown by the lab instructor. It will be necessary to level the air track. To level the air track, adjust the base support screws until the glider remains
i i stationary in the middle of the track.
B Exp 3: Uniformiy Accelerated Moti 2 Place the photo gates approximately 30 cm from each end of the track.
. Exp 4: Friction and the Inclined Pla, 3. Throughout this lab, it will be necessary to add several accessories to the gliders. Whenever an accessory is added, the glider’s mass must be re-measured on the triple
@ S0 5 Centripetal Acceleration beam balance. Any masses added to the glider must be added symmerically. Record the glider masses as m1 and mp in the computer program.
4. Place a rubber band bumper on each end the air track.
. Exp 6: Conservation of Momentum 5. Inelastic Collisions
im PreLab a Use the following masses and initial velocities for the first 2 trials.
% Pre-Lab and Pre-Lab Summz Trial 1: mi =m vi=0 V=0
+ New.. Trial 2: ) .ml >m2 vi=0 v2=0
Repeat each trial 3 times.
@ Background b. Place the wax tube accessory on the right side of glider 1 and put the flat bumper accessory on the left side. On glider 2, place a rubber band accessory on
TR the right side and the nail end accessory on the left side. Place the two gliders on the track such that the nail and wax tube are facing each other.
c. The computer will time the gliders as they pass through the photo gates and will compute the values of the momentum and kinetic energy before and after
[2) Theory the collision. Be sure to keep track of which glider passes through which photo gate and in which order.
o [ d. Use the following diagram to position each glider for each trial:

. Procedures, Data, and Post-Lat

@ Procedure, Data, and Post L:
Gider |

<+ New. i ,T‘

@ 1730 Questionnaire: Experimen
<+ New...
. Exp 7: Ballistic Pendulum and Proj
. Exp 8: Rotational Motion
B el Figure 1.

[ Pre.i ah and Pre.l ah Simm: ~
y

Gider2

V>0 )

T |
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. Lab Orientation 2 - . . .
6. Elastic Collisions

. Exp 1: Vector Addition: Force Table
. Exp 2: Kinematics

. Exp 3: Uniformly Accelerated Motic
. Exp 4: Friction and the Inclined Pla
. Exp 5: Centripetal Acceleration

a Use the following masses and initial velocities for trials 3 and 4:
Trial 3: my=m, vi>0 v,=0
Trial 4: my > my vi>0 v,=0

Repeat each trial 3 times.

@ 510 6: Conservation of Momentum b Place a rubber band bumper and the right side of glider 1 and put a flat bumper accessory on the left side. On glider 2 place a flat bumper on either end.
Place the two gliders on the track such that the rubber band bumper faces the second glider.
. Pre-Lab c. The computer will time the gliders as they pass through the photo gates. Record the momentum and kinetic energy values in the data tables. Be sure to
m Y ! | keep track of which glider passes through which photo gate and in which order.
[ Pre-Lab and Pre-Lab Summ d. Use the following diagram to position each glider for each trial:
<+ New.
Photogate 1 Photogate 2
. Background i
Introduction and Purpose Gider 1 Gider2 l
% Theory H m, m, (
New.. =
+ A

. Procedures, Data, and Post-Lat
@ Procedure, Data, and Post L:

Tra 2
New.. "
+ Figure 2.
@ 1730 Questionnaire: Experimen
<+ New...

. | e. Push glider and wait for the momentum and kinetic energy to appear on the screen. Record these values in Tables 1 and 2 respectively. Repeat the
. ExpiBallisticRendulimland|Bro measurement two more times for each trial.

. Exp 8: Rotational Motion 7. Calculate the percent difference between the initial and final momentums for each trial and calculate the average percent difference for each trial.

. Pre-Lab

[ Pre.i ah and Pre.l ah Simm: ~
y
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. Lab Orientation 2 - ™ el -
2

. Exp 1: Vector Addition: Force Table
. Exp 2: Kinematics
Tra 2
Exp 3: Uniformly Accelerated Motic "
. = Y Figure 2.
. Exp 4: Friction and the Inclined Pla
. Exp 5: Centripetal Acceleration

e. Push glider and wait for the momentum and kinetic energy to appear on the screen. Record these values in Tables 1 and 2 respectively. Repeat the
measurement two more times for each trial.
. Pre-Lab 7. Calculate the percent difference between the initial and final momentums for each trial and calculate the average percent difference for each trial.

. Exp 6: Conservation of Momentum

% Pre-Lab and Pre-Lab Summz
<+ New.

. Background
Introduction and Purpose

Ip-p'l
pip1 X100%

8. Calculate the percent difference between the initial and final kinetic energies for each trial and calculate the average percent difference for each trial.

. KE-KE "
9 e b 0
[2) Theory % Diff=gre X100%
2
<+ New.
. Procedures, Data, and Post-Lat
Cory Nook - May 28, 2020, 2:35 PM CDT
@ Procedure, Data, and Post L:
<+ New. Table 1.
@ 1730 Questionnaire: Experimen N N - -
Trial mq mz P P % Difference | Ave.% Diff
<+ New...
216.4 209.5 0.059 kg*m/s 0.053 kg*m/s
. Exp 7: Ballistic Pendulum and Proj ! ¢ ¢ orms orms
(@ Exp 8: Rotational Motion 1 21649 20959 0.068 kg'm/s | 0.058 kg*m/s
. Pre-Lab
T2\ Dret ah and Pret ah Somme ™ 1 21649 20959 0.066 kg"m/s | 0.060 kg*m/s
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. Lab Orientation 2 - .
. Exp 1: Vector Addition: Force Table Table 1.

Exp 2: Kinematics
. P Trial mq mz P P’ % Difference | Ave.% Diff
. Exp 3: Uniformly Accelerated Motic
. Exp 4: Friction and the Inclined Pla ! 21649 20959 0.059 kg"m/s 0.053 kg"m/s
. Exp 5: Centripetal Acceleration 1 21649 2095¢ 0.068 kg*m/s 0.058 kg*m/s
. Exp 6: Conservation of Momentum
. Pre-Lab 1 21649 20959 0.066 kg*m/s 0.060 kg*m/s
[2) Pre-tab and Pre-La summ: 2 31649 20959 0.091 kg'm/s | 0.083 kg*m/s
<+ New.
@ Background 2 31649 209.5¢ 0.091 kg*m/s | 0.081 kg*m/s
Introduction and Purpose
P 2 31649 20959 0.072 kg*m/s | 0.069 kg*m/s
% Theory
<+ New. 3 21649 20959 0.047 kg*m/s 0.043 kg*m/s
Procedures, Data, and Post-Lat
= 3 21649 20959 0.056 kg*m/s | 0.052 kg*m/s
@ Procedure, Data, and Post L:
+ New.. 3 21649 20959 0.063 kg*m/s | 0.059 kg*m/s
@ 1730 Questionnaire: Experimen
4 31649 20959 0.092 kg*m/s | 0.069 kg*m/s
<+ New...
. Exp 7: Ballistic Pendulum and Proj 4 31649 20959 0.107 kg*m/s 0.080 kg*m/s
Exp 8: Rotational Motion
e 4 31649 20959 0.100 kg*m/s | 0.075 kg*m/s

. Pre-Lab

[ Pre.i ah and Pre. ah Summ: ~  Table 2.
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