Energy and Springs


Energy and Springs

(36 points)

OBJECTIVE:

To investigate energy associated with an oscillating mass-spring system.

MATERIALS:
Each group of students will need:

· A ring stand.

· A 90-degree clamp.

· A bar to clamp to the ring stand.

· A spring.

· A mass of known quantity to suspend from the spring.

· A card or piece of paper to attach to the bottom of the mass.

· A computer with the Logger Pro software application installed.

· A LabPro interface.

· A motion sensor.

· A meter stick.

WRITE-UP:
One per group.  The write-up should consist of all graphs and responses to the questions as indicated with “WRITE-UP” below.

PROCEDURE:


1.  Obtain a ring stand, clamp, bar, mass, spring, and card.  Assemble these materials as shown.  The spring should be suspended from the horizontal bar.  The mass should be hung from the bottom hook of the spring.  Tape a card to the bottom of the mass to help the motion sensor pick up the motion of the mass.






2.  Place your assembly over the edge of a table or counter.  Place the motion detector on the floor (or a chair) so that it is directly below the mass.

3.  Very gently pull down on the mass so that, when released, the mass oscillates up and down in a periodic fashion.  The amplitude of the oscillation does not need to be large.  It is critical that the motion continues in a straight, vertical manner.  Practice setting the mass and spring system into motion until you get the mass to oscillate in a vertical manner (no sideways motion).

FOR YOU TO GET ANYTHING OUT OF THIS LAB, IT IS ESSENTIAL THAT YOU COMPLETE ALL OF YOUR PREDICTIONS BEFORE YOU GENERATE PLOTS ON THE COMPUTER.  YOUR SCORE FOR THE WRITE-UP DOES NOT HINGE ON CORRECT PREDICTIONS.  I EXPECT SOME OF YOUR PREDICTIONS TO VARY FROM WHAT THE COMPUTER EVENTUALLY GIVES YOU.  Some of these graphs will really make you think.

PART 1:  ANALYZING THE MOTION ITSELF

4.  Set the mass into an oscillating vertical motion by pulling down on the mass.  WRITE-UP:  Sketch your prediction of what a d-vs-t, v-vs-t, a-vs-t and v-vs-d graph will look like.  The first variable listed goes on the y-axis.  Remember to label the axes of your graphs and to title each of your plots.  WRITE-UP:  In a sentence for each of your predictions, briefly explain why you sketched the graphs as you did.  Show the position of the mass at the top, middle, and the bottom of its travel on each graph.

5.  Start LoggerPro.  The program should recognize your motion sensor.  When it does, it will open some default graphs.  Modify the size of your graphs and open two additional graphs (select GRAPH under the INSERT menu) so that you have four graphs on your screen.  Click on the axes so that your screen displays a d-vs-t, v-vs-t, a-vs-t and v-vs-d graph.  (For each of these, the second variable listed goes on the x-axis).
6.  Start your mass oscillating by pulling down on the mass and releasing it.  If the motion is smooth, click on the “Collect” button to begin collecting data.  Data for each of the graphs will be recorded on the screen.  Repeat this step until you obtain smooth looking graphs.  YOU MAY NEED TO SELECT “AUTOSCALE” FOR SOME OF THE GRAPHS IN ORDER TO CLEARLY SEE ALL OF THE DATA.

7.  Be sure you understand each of the graphs.  Use the “Replay” command under the ANALYZE menu to replay the motion of the mass from the last run.  It may be helpful to slow down the replay speed to understand exactly what each graph is representing.  WRITE-UP:  Copy each of the four computer-generated graphs into your write-up.
8.  WRITE-UP:
a) Compare your four predictions with the actual plots generated by the computer.  How are they the same?  How are they different?

b) Describe, in a sentence, why each graph is shaped as it is.

c) Relate points on the graph (a peak or trough for instance) to the motion itself (is the mass at the bottom, top, middle or elsewhere in its travel?).  THIS IS AN IMPORTANT QUESTION AS FAR AS THE SCORE YOU GET FOR THIS LAB.  SPEND SOME TIME ON THIS.

PART 2:  KINETIC ENERGY

9.  Now, consider the kinetic energy (KE) of your mass–spring system.  KE is the energy associated with the system’s motion.

a) WRITE-UP:  Predict what the KE-vs-t, KE-vs-d, and KE-vs-v graphs will look like.  Remember to label the axes of your graphs and to title each of your plots.

b) WRITE-UP:  For each of your predictions, briefly explain why you sketched the graphs as you did.  Show the position of the mass at the top, middle, and the bottom of its travel on each graph.

10.  The variable plotted for each of your four graphs on either the x or the y-axis can be modified by clicking on the axis title and selecting from the list of variables.  We wish to show kinetic energy on one of the axes but before we can do this, we need to tell Logger Pro what kinetic energy is.  To do this we select “New Calculated Column” under the DATA menu.  Place “Kinetic Energy” in the location for NAME and “KE” for the SHORT NAME.  In the space for EQUATION enter [.5*(mass)*(“Velocity”)^2].  Do not including the brackets.  For “mass”, inter the actual mass of your hanging mass (in kg) – you will need to use the electronic balance in the room.  If you click on the VARIABLES (COLUMNS) option, you will see that you can select another column, including “Velocity”, for insertion into your equation.  Insert “Velocity” into your equation.  When finished, click on the DONE button.  You have now created a new column of data (representing the kinetic energy of your mass) that can be selected and displayed on your graphs.  Now change three of the four graphs on the screen from what they are to KE-vs-t, KE-vs-d, and KE-vs-v plots.  Very likely it will be helpful if you keep the d-vs-t graph on the screen as your fourth graph to help visualize the mass’s location on each of the other three graphs at any specific time.  WRITE-UP:  Write down the equation you entered for KE.
11.  Be sure you understand each of these three graphs.  Use the “Replay” command under the ANALYZE menu to replay the motion of the mass.  It will likely be helpful to slow down the replay speed to understand exactly what each graph is representing.  WRITE-UP:  Copy each of the three computer-generated graphs into your write-up.  Be sure to include appropriate labels.

12.  WRITE-UP:
a) Compare your three predictions with the actual plots generated by the computer.  How are they the same?  How are they different?

b) Describe, in a sentence, why each graph is shaped as it is.

c) Relate points on the graph (a peak or trough for instance) to the motion itself (is the mass at the bottom, top, middle or elsewhere in its travel?).  THIS IS ANOTHER IMPORTANT QUESTION.

PART 3:  GRAVITATIONAL POTENTIAL ENERGY

13.  Now, consider the gravitational potential energy (GPE) of your mass–spring system.  GPE is the energy associated with the system’s position relative to the Earth and its gravitational field.

a) WRITE-UP:  Predict what the GPE-vs-t, GPE-vs-d, and GPE-vs-v graphs will look like.  Remember to label the axes of your graphs and to title each of your plots.

b) WRITE-UP:  For each of your predictions, briefly explain why you sketched the graphs as you did.  Show the position of the mass at the top, middle, and the bottom of its travel on each graph.
14.  Create a new calculated column for GPE.  Name it “Gravitational Potential Energy” and use the short name “GPE”.  For your height, use your position graph and the “Statistics” option under the DATA menu to determine the lowest point of your mass.  Use this value to make an equation for GPE so that GPE is zero at this height.  After you have created your new calculated column with the appropriate equation, alter axis labels on the computer to change three of the four graphs on the screen from what they are to GPE-vs-t, GPE-vs-d, and GPE-vs-v plots.  WRITE-UP:  Write down the equation you entered for GPE.

15.  Be sure you understand each of these three graphs.  Use the “Replay” command under the ANALYZE menu to replay the motion of the mass.  It will likely be helpful to slow down the replay speed to understand exactly what each graph is representing.  WRITE-UP:  Copy each of the three computer-generated graphs into your write-up.  Be sure to include appropriate labels.

16.  WRITE-UP:
a) Compare the predictions in each of your three graphs with the actual plots generated by the computer.  How are they the same?  How are they different?

b) As before, describe in a sentence why each graph is shaped as it is.

c) Relate points on the graph (a peak or trough for instance) to the motion itself (is the mass at the bottom, top, middle or elsewhere in its travel?).  THIS IS YET ANOTHER IMPORTANT QUESTION.
PART 4:  KE AND PE COMBINED

17.  Now consider the gravitational potential energy (GPE) and the kinetic energy (KE) of your mass–spring system together.  When combined, what should a KE+GPE-vs-t graph look like?

a) WRITE-UP:  Predict what a KE+GPE-vs-t graph will look like.  Remember to label the axes of your graphs and to title your plot.

b) WRITE-UP:  For your prediction, briefly explain why you sketched the graphs as you did.  Show the position of the mass at the top, middle, and the bottom of its travel.

c) WRITE-UP:  Is your knowledge of the conservation of energy important here?

18.  To plot your new graph, create a new calculated column in order to create a KE+GPE-vs-t graph. Select “Time” as your x-axis.  WRITE-UP:  Copy your computer-generated graph into your write-up.  Be sure to include appropriate labels.

19.  WRITE-UP:
a) Compare your prediction to the plot generated by the computer.  How are they the same?  How are they different?

b) Yet again describe in a sentence why this graph is shaped as it is.  Relate points on the graph (a peak or trough for instance) to the motion itself (is the mass at the bottom, top, middle or elsewhere in its travel?).  THIS IS YET ANOTHER IMPORTANT QUESTION.
20.  WRITE-UP:  Based upon your KE+GPE-vs.-t graph, is energy conserved?  If so, what evidence do you have?  If not, how can this be?  What (if anything) have we overlooked?

PART 5:  TOTAL ENERGY

21.  Did you remember the spring?  What is the spring doing during this time?  Let’s make one final graph.  Plot the elastic potential energy (EPE) of the spring against time.  To create a new calculated column for EPE you will need a couple of pieces of information:

· the distance from the motion detector to the bottom of the mass when the spring has no deflection (THIS IS THE DISTANCE BETWEEN THE MASS AND THE DETECTOR WHEN YOU SUPPORT THE HANGING MASS SO THE SPRING HAS NO DEFLECTION DUE TO THE MASS).  This would be the point at which there is no elastic potential energy.
· the spring constant of your spring.  I will leave it up to you to determine an estimate for your spring constant.  (Hint:  think Fspring=kx).  WRITE-UP:  Show your calculations for k, its value and the equation you enter to compute EPE.

22.  Plot EPE-vs-t and KE + GPE-vs-t on two of the graphs on the screen.  Adjust the scales on the axes as required to view the graphs.  WRITE-UP:
a) Copy your EPE-vs-t graph into your write-up.

b) At what times do the peaks of one graph fall in relation to the peaks (or troughs) of the other?  Does this make sense?

23.  Add one final column of data:.  Enter “Total Energy” for the NAME of the new calculated column and “Total E” for SHORT NAME.  For units enter Joules.  For “Equation”, enter an expression that sums KE, GPE, and EPE by selecting these items from the “Variables” box.  At this point, you can now plot Total Energy on any of your graphs.

24.  Plot Total E-vs-t on the screen.  Adjust scales as required in order to view the graph.

a) WRITE-UP:  Copy your Total E-vs-t graph into your write-up.  
b) WRITE-UP:  Compare this graph with your other graphs in this section of the lab.

c) WRITE-UP:  Discuss why this graph differs from your KE + GPE-vs-t graph.

25.  WRITE-UP: (for all answers, refer to specific experimental evidence from the lab to support your arguments)
a) Is the conservation of energy support in this lab?  Why or why not?  If energy is conserved, what would you expect your Total E-vs-t graph to look like?  Explain.

b) If your graph does not look as you describe in (a), offer an explanation (i.e. what other forms of energy are we not taking into account?).

c) Is it accurate to consider the spring and mass as an isolated system?
d) Why should we expect the total energy of this system to be constant, at least when considered for a short time interval?
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