1 Neulog

Experiment P-48
Impulse and Momentum

&

Objectives

» To learn about the relation between impulse and momentum.

= To examine this relation by bouncing a ball on a force plate
logger sensor and measuring the applied force.

= To calculate impulse and change in momentum, then compare
these values.

Modules and Sensors

= PC + NeulLog application
= USB-200 module
= NUL-225 Force plate logger sensor

Equipment and Accessories

= Basketball 1
= Other type of ball (optional) 1
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Introduction

Momentum is defined as the product of the mass and velocity of an
object. It is hard to stop an object with a high momentum.

The quantity of mass (m) x velocity (v) is the momentum.

The quantity of mass (m) x change in velocity (Av) is the change
in momentum.

The quantity of force (F) x time (t) is known as impulse.

Impulse is equal to the change in momentum, Fxt = mxAv.

In this activity we will drop a basketball on a force plate. The
basketball will bounce a few times on the force plate and the force
applied on it will be measured throughout the time of the experiment.
We will use the force value to calculate the impulse and we will use
the time between the hits to calculate the momentum before the ball
hits the force plate and after. This will give us the change in
momentum. Then we will compare the impulse to the change in
momentum and see if these are similar values.
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Procedure

Experiment setup

1. Set up the experiment as shown in the picture below.

2. Place the force plate sensor on the floor.

3. Make sure that your ball is fully inflated.

Experiment P-48 Impulse and Momentum
Ver 3.0.2



4 Neulog

Sensor setup

4. Connect the USB-200 module to the PC.

5. Check that the force plate logger sensor Is connected to
the USB-200 module.

Note:

The following software functions are explained in short. It is
recommended to practice the NeulLog application functions (as
described in the user manual) beforehand.

6. Run the NeulLog application and check that the force plate
sensor is identified.
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Settings
?
7. Click on the On-line Experiment icon &= in the NeulLog
main icon bar.
8. Click on the Sensor's Module box.
9. Click on the Reset button to set the sensor to O N.
10. Click on the Push=Positive button to get positive values

when hitting the force plate with the ball.

Neulog ]QS]@@* 0

11.

Search On-Line Off-Line Visuals NeulLog About
Sensors Experiment Experiment Mode Tools Neulog

Force plate id=1

Rate = 100 per second

Axis Ends - 2000

Axis Starts 1000

Click on the Experiment Setup icon &&= and set the:

Experiment duration to 10 seconds
Sampling rate to 100 per second
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Testing and measurements

12.  Weigh the ball with the force plate. Divide the value you see
on the module box by 9.8 m/s? in order to get the mass in Kg
instead of N. Another option is to weigh the ball on a scale.

13. Before beginning the experiment, practice on releasing the
ball (without any force) on the force plate from about a one
meter height. The ball should bounce as many times as
possible on the force plate.

14. Click on the Run Experiment icon E to start the
measurement.

15. Release the ball as practiced before.

16. In order to focus on the desired range, click on the Zoom

icon Ig locate the mouse cursor at a point above the graph
and press its left button; keep it pressed and create a
rectangle that includes the whole range.

17.  Your graph should be similar to the following:

NeuLog " X3 L} {;}

Back Save Open
Experiment Experiment

50
2772 2.287 3.816 4335 4854 5373 5.892 8.411 6.93 7243

R RS ]= g 2] = i

Unzoom Zoom Zoom Select Line  Show Grid Graph Table Point Area
All Fit Zone Width Functions

18.  Save your graph.
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19. Click on the Select Zone icon IE in order to select the area
of the second spike as shown in the picture below.

NeuLog £XX m Q?’ {;5

© selected area

Save Open
B = B [ x1=389s | xe-387s | ax-01ss |
| yi=omn | va-omn_ | av-0u00 |
50
2778 3287 35816 4335 4554 5373 5.802 6411 693 .48
—_ Time[Second]
R BRQ [ =[x 3 =
Unzoom Zoom Zoom Select Line  Show Grid Graph Table Point Area

Al Fit Zone Width Functions

20. Click on the Show Functions icon IE , and then click on the
Force plate button on the left of the screen.

21. Look at the Area (in Nxs).

22. Fill the area value in the table below. In the sample
experiment the area is 2.76 Nxs,

The area of the spike equals the force applied on the force
plate during the time of the hit.

Neul—og !’ m C‘B QS ® Selected area

E=3 B(:;;ﬁenl u”‘zﬁem [ x1=3s89s | xe-=387s | ax-01ss |
[ v=omi [ ve=omi | av-omo0 |

‘ D S n ) Force plate id=1 (A)

‘ Undo all functions Maximum: 129.0N

Back Minimum: 0.000N

Average: 14.53N

Frequency: @Hz

Area: 2.760N*s

SD: 38.40N

Number of Points: 19

Functions

Linear fit
4.854 5373 5.892 .41 6.93 7.443

Time[Second] @ Iﬁ @ I_ h

Grid Graph Table Point Area
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The ball in the sample experiment has a mass of 0.489 Kg.

t;: time velocity t,: time velocity

Impulse: between before between after Change in

surface area | this spike hitting the | this spike hitting the | momentum Ratio:

of the spike | and the plate and the plate mx (V,-Vy) Impulse /
Hit [Nxs] spike before | v;=-gxt;/2 | next spike | v,=gxt,/2 | [Kgxm/s]= momentum
number [s] [m/s] [s] [m/s] [Nxs] x 100%
2 2.76 0.65 -3.185 |0.53 2.597 |2.827 97.6
(example)
2
3
4
5
6
7

23. Click on the Select Zone icon IE and select the area
between the first spike and the second spike as shown in the
picture below.

Neu Log I’ g C‘;S {;\J © selected area

Save Open

e Eee [ x=343s | xe-3Gs | ox-0s5s |
[ vi=1s5m) | y2=sm

AR

2778 3.297 3.818 4335 4.854 5.373 £.882 8411 8.93 7445

KRR = [ 2 =2 i

Unzoom Zoom Zoom Select Line  Show Grid Graph Table Point Area
Al Fit Zone Width Functions

| Force plate id=1
| Undo all functions

| Back

24.  Look at the time difference (AX) between the first and second
spike.

25.  Fill the table above with this value. In the sample experiment
the AX is 0.65 seconds.
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26.

Repeat the last three steps but this time look for the time
difference between the second and third spike.

The time values will help us calculate the velocity before and
after the second bounce.

Calculations:

27.

28.

Velocity before hitting the plate:
Insert the "time between this spike and the spike before" into
the equation:

V= -gxty / 2 [m/s]

For the sample experiment:
Vi=-9.8 m/s*x 0.65s /2 =-3.185m/s

The minus sign is due to the direction of the hit.

We divide the time by two to get only the time in which the
ball falls down.

Insert your value into the table.
Velocity after hitting the plate:

Insert the "time between this spike and the next spike" into
the equation:

Vo= gXxty / 2 [m/s]

For the sample experiment:
Vi=9.8 m/s* x 0.53s /2 =2.597 m/s

We divide the time by two to get only the time in which the
ball bounces up.

Insert your value into the table.
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29.

30.

31.

Change in momentum:
The product of the object's mass and the average velocity
equals the change in momentum:

MXxAv = mx (V,-vy) [Kgxm/s]=[Nxs]
Insert your parameters into the equation.
For the sample experiment:

0.489 Kg x (2.597 m/s +3.185 m/s) = 2.827 Kgxm/s =
2.827 Nxs

Insert your value into the table.

Impulse _and change in_momentum ratio: divide the
impulse by the change in momentum and multiply by 100%.

For the sample experiment:

2.76 Nxs [ 2.827 Nxs x 100% = 97.6 %

Insert your value into the table.

Please note that for this simple activity, in fact, we do get a
very nice and accurate confirmation that the impulse is equal

to the change in momentum.

Repeat these steps for the rest of the hits and Insert your
values into the table.

Challenge research

32.

Repeat the experiment with a different ball (with a different
mass or elasticity).
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Summary questions

1.

Did you get similar values for the impulse and the change in
momentum?

If you release the ball from a lower height, how will the
impulse change? How will the velocities change?

How did the force change in each bounce? How did the time
between bounces change? Explain.

How did the results change in the challenge experiment?
Explain the difference between the results.
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