Studio Physics I

Activity 05 – Impulse and Momentum Change
The impulse, J = ∫F dt , is a quantity that combines

the net force and the time interval over which the force acts.

J = (p = pf – pi
Observations:

In this activity, we will explore the relationship between impulse – the integral of force over time – and the change of momentum of a cart on a track.  The basic arrangement is shown below.  You will hold the force probe and give it a short pull in the direction shown to get the cart moving.  You will get graphs of velocity versus time and force versus time and then analyze them using LoggerPro.
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1.  Be sure your track is level.  Use one of the carpenter’s levels and the leveling screw at the end of the track.  Plug the LabPro unit into the USB port of your laptop and make sure it was recognized.  Go to your Physics I folder and double-click on  L08E2-2(Impulse and Mom.).xmbl or you can download the file from the Physics I web site.

2.  Find the friction force for your cart using the method of Activity 3.  If you forgot how to do that, check your lab notebook.

3.  Calibrate the force probe using the method of Activity 3.  Again, check your lab notebook.

4.  Place the force probe horizontally on the track as shown above and zero the force reading as we did in Activity 3.  Then connect the string to the cart.

5.  Place the cart at least 0.2 meters away from the motion detector.  Click the collect button to begin taking data.  When you hear the motion detector start clicking, give the force probe a short pull, and then let the cart move freely.  While you are collecting data, keep your hand farther away than the cart from the motion detector.  Write down the approximate value of the maximum force, the time period over which the force was applied and the velocity of the cart after the pull.

6.  Examine the graphs carefully.  Discuss how the time interval over which the force is applied compares to the time interval over which the velocity changes.  Does the velocity change in time periods during which there is no pulling force applied to the cart?  Discuss your results and answer to the question in terms of the impulse applied to the cart and the change in the cart’s momentum.  Include the force of friction in your discussion.
Analysis:

7.  Click on the “X =” icon to find the velocity of the cart before and just after the pull.  What is the velocity before the pull?  (Hint: Easy answer.)  What is the velocity just after the pull?

8.  Calculate the change in momentum of the cart based on velocity. Show your calculations.  The mass of the cart is about 500 grams = 0.5 kg.

9.  Use the integration routine in the software to find the area under the force-time graph.  This is the impulse in N-s.  (To do this, use your mouse to mark the region of interest, then click on the Integrate Icon.)  Did the calculated change in momentum of the cart (question 8) equal the measured impulse applied to cart during the pull?  What is the percent difference?  Is the impulse from this graph the net (total) impulse on the cart, or was some additonal force acting?

10.  So far, we have only calculated the impulse due to the pull acting on the cart.  Using the friction force you found in Step 2, estimate the impulse on the cart due to friction over the time interval of your pull.  (Hint: We assume that the force of friction is constant.  How do you calculate the integral of a constant function?)  This should give you a negative number added to the impulse from step 9 to get the total impulse.  Calculate the total impulse due to the net force on the cart during your pull and adjust your calculation of the momentum of the cart just after the pull.  Did you get better agreement with the measured value than step 9?

Exercise

A mountain climber is sliding down a vertical rope.  Her total mass is 65 kg.  By adjusting the friction on the rope she controls the tension force that the rope exerts on her.  The tension on the rope (magnitude) as a function of time is shown in the figure below.  She begins at rest at t = 0.  Find her speed at t = 2 seconds.  Use g = 9.8 N/kg and neglect air resistance.
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11.  (a) Identify the forces on the climber.  (Hint: There are two.)  (b) Select a coordinate system; we recommend +X in the direction of acceleration.  (c) Draw a free-body diagram showing the directions of +X and acceleration.  (d) Determine whether each force is positive or negative in your coordinate system.  (e)  Write Newton’s 2nd Law based on your diagram.

12.  Draw (not sketch) a graph of total or net force versus time.  (This is the left side of the equation in 11e.)  Your graph should show the shape of the curve, have a scale, and clearly identify minimum and maximum points.  Positive/negative on your graph should agree with your choice of coordinate system.

13.  Find the integral of your graph and use that with the impulse-momentum theorem to find the speed of the climber at the end of the two-second interval.
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