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ACTIVITY #4 IMPULSE - Momentum in 1-D Simulation

Contributed by Jane Bray Nelson

Purpose: To determine a relationship between net force, time and velocity change for an object

Materials: Computer must be able to run the Forces in 1-D Simulation found at http://phet.colorado.edu

Procedures:
1. Log on to the URL listed above.  Then find the Forces in 1-D simulation.

Direct address - http://phet.colorado.edu/new/simulations/sims.php?sim=Forces_in_1_Dimension
2. Pick an object to use.  Name it.                                   Record its mass.                           
3. Click buttons to turn off the friction forces and barrier found on the right side of the page.
4. Click on the velocity graph so two graphs are visible, one is force vs. time, the other is velocity

vs. time.  The velocity values may exceed 10 m/s and the graph may line go off screen; however,
the value will still be shown on the screen.

5. You may have to practice collecting data.  If so, clear and start again until you can pause and
collect data without resetting.

6. Use the slider on the left to select a constant force to be applied to the object you have selected.
Record its value in the data chart.

7. Select “go” and record the force, time interval, and velocity data approximately every two
seconds for 20 seconds.  To do this, you can use the “pause” button each two seconds.  You may
have to practice selecting pause just before the time gets to the point you want to use.  The
velocity data will be located on the velocity graph.  The time interval will be the time elapsed
from time zero.  The Force will be the same for each data point.

8. Once you have recorded the data, calculate the values of F * Δt, which are measured in units of N
* s.  This value is named, impulse.  Record the impulse values in the calculation chart.

9. Calculate and record the values of the change in velocity in units of m/s.  The initial velocity in
each case is 0 m/s.

10. Graph impulse versus change in velocity.  Place the change in velocity data on the X-axis to help
with the interpretation of the slope’s meaning.

11. On the graph, do a four step analysis.
DATA CALCULATED VALUES
Force (N) Δ time (s) Velocity  (m/s) F * Δ time (N*s) Δ velocity m/s

0 0 0 0
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Graph of data
Questions:

1. What is the equation of a straight
line?                                      

2. What is the equation that relates
the impulse and change in
velocity for this particular data?
                                 (Include the
slope value and its units.)

3. What is the general equation that
relates the impulse and change in
veloci ty?                                (Use
only letters including the one to
represent the slope.)

Questions:
4. What shape on a graph of force versus time would be represented by the “Force times the Time

Interval” calculation if the force were constant?                                 
5. If the force data were directly related to the time on the graph, the line would be diagonal.  What

shape on the graph would be represented by the “Force times the Time Interval” calculation?            
                             

6. How would you determine the area of the shape described in the previous question?                           
                                                                                                                 

7. What would the area represent?                                             
               

8. The graph to the right shows the relationship between the force
applied to a 5.0 X 102 kg block and the time during which it
was applied.  The force is 5.0 N after 15 seconds of
application.  Calculate the total impulse applied to the block.
Show your calculation.

                                 
9. Calculate the change in velocity of the block caused by that

impulse.  Show your calculation.

                            
10.  If the block were moving at 2.0 m/s before the impulse were applied, how fast would it be

moving after the application of the impulse?  Show your calculation.

                                          

Time (s)

( 15, 5 )
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ACTIVITY #4 IMPULSE - Momentum in 1-D Simulation (Teacher Notes)

Sample Data and calculations
DATA CALCULATED VALUES

Force (N) Δ time (s) Velocity  (m/s) F * Δ time (N*s) Δ velocity m/s
405.4 0 0 0 0
405.4 2.1 4.1 851.3 4.1
405.4 4.0 8.1 1622 8.1
405.4 6.0 12.3 2432 12.3
405.4 8.0 16.3 3243 16.3
405.4 10.0 20.3 4054 20.3
405.4 12.0 24.3 4865 24.3
405.4 14.0 28.3 5676 28.3
405.4 16.0 32.5 6484 32.5
405.4 18.0 36.5 7297 36.5
405.4 20.0 40.6 8108 40.6

Questions:
1. What is the equation of a straight line?

Y = mX + b
2. What is the equation that relates the impulse and change in velocity for this particular data?  FΔt

= 200 N*s/m/s * Δv or since N*s/m/s = kg,   FΔt = 200 kg * Δv (Include the slope value and its
units.)

3. What is the general equation that relates the impulse and change in velocity? FΔt = m Δv  (Use
only letters including the one to represent the slope.)

4. What shape on a graph of force versus time would be represented by the “Force times the Time
Interval” calculation if the force were constant? The area between the graph line and the x-axis
represents the impulse, FΔt. It would be a rectangle.
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5. If the force data were directly related to the time on the graph, the line would be diagonal.  What
shape on the graph would be represented by the “Force times the Time Interval” calculation?
Triangle. See the graph below.

6. How would you determine the area of the shape described in the previous question? 1/2 base
times the height of the triangle.

7. What would the area represent? The impulse given to the object
8. The graph to the right shows the relationship between the force

applied to a 5.0 X 102 kg block and the time during which it
was applied.  The force is 5.0 N after 15 seconds of
application.  Calculate the total impulse applied to the block.
Show your calculation.

1/2 b * h   or 1/2 * 15 s * 5.0 N = 38 N *s

     
9. Calculate the change in velocity of the block caused by that

impulse.  Show your calculation.

FΔt = m Δv or  38 N *s =  5.0 X 102 kg *Δv       Δv = 0.076 m/s

10.  If the block were moving at 2.0 m/s before the impulse were applied, how fast would it be
moving after the application of the impulse?  Show your calculation.

Δv = vf  - vi   or   0.076 m/s = vf   - 2.0 m/s          vf   = 2.1 m/s

Time (s)

( 15, 5 )


