Studio Physics I

Activity 10 – Potential and Kinetic Energy in a Spring System

Please read and follow the instructions carefully.

Observations

1. Your experiment should be set up as follows:
(a) Metal rods clamped to the table supporting
(b) a force probe hanging from the end of a rod over the floor,
(c) a spring connected to the force probe (smaller diameter end of the spring),
(d) a 50g hanger connected to the spring (larger diameter end of the spring),
(e) one 200g mass on the hanger (and an extra one for calibration),
(f) motion detector on the floor directly under the hanger (pointed up),
(g) LabPro connected to force probe (analog channel 1), motion detector (digital channel 2), and your laptop (USB cable).
2. You will need to download and save a LoggerPro file that was not on the CD.  You can find it on the Activities Page of the web site under Activity 10.  The name is “Spring.xmbl”.
3. Make sure you have the 50g hanger with one 200g mass on the end of the spring.  Before you take any data, pull the hanger straight down gently about 5 cm and let it go.  Observe the motion and answer the following questions (some are easy, some require more thought):
(a) When the hanging mass reaches its highest point, what is its speed?
(b) When the hanging mass reaches its highest point, what is the direction of the net force on it, or is the net force zero at that point?
(c) When the hanging mass reaches its lowest point, what is its speed?
(d) When the hanging mass reaches its lowest point, what is the direction of the net force on it, or is the net force zero at that point?
(e) Is the speed going up greater than the speed coming down, less, or about the same?
(f) About where, relative to the highest and lowest points, is the speed maximum?
(g) At the point where speed is maximum, what is the direction of the net force on the hanging mass, or is the net force zero at that point?
4. We will now take data to check the answers in step 3.  The first step is to calibrate the force probe.  We will calibrate the probe so that we are measuring the net force on the hanger = the sum of gravity and spring forces.  Gently stop the motion of the spring and let the system come to rest at the point where the force of the spring pulling up balances the force of gravity pulling down.  You should have one 200g mass on the hanger.  Click on the LabPro icon, click on the picture of the force probe, click on “Calibrate…”, and click on “Calibrate Now”.  Enter the net force of 0.0 N and click “Keep”.  Gently add a second 200g mass and assist the hanger to come to rest at a lower position.  Enter a force of 1.96 N, click “Keep”, “Done”, and “Close”.  Gently remove the extra 200g mass.  Where did the number 1.96 come from?
5. The position where the hanger has zero net force will be our zero position.  Make sure the hanger has only 200g added mass and is not moving.  Click the zero button and allow LoggerPro to zero both position and force.
6. We will now find the spring constant, k.  Add the second 200g mass again and help the system come to rest at a lower position.  Click the “Collect” button to find position and force.  From these two numbers, you should be able to calculate k.  It should be about 5-10 N/m.
7. Remove the second 200g mass – you should now have one 200g mass on the hanger.  Pull the hanger straight down about 5 cm from its equilibrium position and let it go, just as you did in step 3.  This time, click the “Collect” button and take data.  You will have three curves: one for position, one for velocity, and one for force.  Sketch these three graphs on your write-up.
8. For each graph, note the time (or times) and values when the graph reaches a maximum, a minimum, and goes through zero.
Analysis

9. State “Hooke’s Law” (discussed in lecture today) – both in words and as an equation.
10. Based on your measurements, go back and check your answers to step 3 but don’t change them.  Note here any differences between what you predicted and what you measured, and explain what the correct answer(s) should be.  If you correctly predicted all of the answers, that’s great!  Get help from your professor or TA if you are having trouble making sense of the data.
11. Based on your calculation of the spring constant, k, in step 6, calculate the maximum potential energy (PE or U) of the spring-gravity system as explained in the lecture.  Important:  Why don't you need to add "m g h" explicitly to the potential energy?  (See lecture notes.)  What is the kinetic energy (KE or K) of the system when the PE is maximum?
12. Calculate the maximum KE of the hanger plus mass (should be a total of 0.25 kg).  What is the PE of the system when the KE is maximum?
13. Compare the maximum PE of the system with the maximum KE of the hanging mass.  For an ideal spring, these should be equal.  If you did your measurements and calculations carefully, you should have found that the maximum KE of the hanging mass is less than the maximum PE of the system.  Explain why.  (Hint: The answer is not friction or air resistance.  Look ahead to the next question if you need to.)
14. The spring is moving along with the hanging mass.  You can see that the bottom of the spring is moving at the same speed as the hanging mass, while the top of the spring (where it attaches to the force probe) is not moving at all.  By averaging out the motion in different parts of the spring, the spring has an effective mass for determining its kinetic energy using the following equation: KEspring = ½ meffective v2 where v is the speed at the end of the spring connected to the hanging mass.  The “effective” mass of the spring for calculating KE is less than its total mass because only one end is moving at speed v.  For the springs we are using, meffective = 80 g (very approximately).  Find the maximum KE of the spring.
15. Taking into account the additional KE of the spring, compare the maximum KE of the system with the maximum PE of the system.  They should agree within experimental error.  If you find for your data that they do not match closely (more than 10% difference), ask your professor or TA for help.
16. Switch to page 2 to see a graph of force versus position for your data.  Explain why the curve is or is not what one would expect to see for a spring system following Hooke’s Law.
(Note that there were multiple passes back and forth on the curve shown.)
17. Optional Challenge:  Go back to page 1 in LoggerPro and try fitting sine curves to each of the three measured curves.  How good is the fit?  What are the phases of velocity and force relative to position?
Activity 10 – Exercise

A mass on a spring begins at y = 0 cm moving up at velocity +V0.  It reaches a maximum height of y = 10.0 cm.  A graph of the net force on the object during its travel is shown below.  The only forces in the problem are gravity and the spring force (assumed to be ideal).

Plot the potential energy (PE) and kinetic energy (KE) of the system as functions of y.
Define PE = 0 at y = 0.  Your plots must include:

1.  General shapes of the curves, noting any points where the curvature or slope changes.

2.  The values of PE and KE at y = 0, 5, and 10 cm.

Show all work.
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You can detach this sheet and staple it to your activity write-up when you are finished.
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