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Mass and Spring Oscillator
I. Purpose:










 


The purpose of this exercise is to measure some basic parameters of a simple harmonic oscillator and to compare the measurements with a simple theory. 
II. Equipment










                                                 


Excel




Logger Pro


blank disk


ULI interface



sonic ranger


set of masses


mass and spring apparatus

Precision Balance 

III. Review of Simple Harmonic Motion





                                                                  

If you have already covered simple harmonic motion in your lecture course, then you can skip this section and proceed to the next part.  Otherwise, take a quick read through Appendix B.  

IV. Experiment












Part A: Set up











- Open up an Excel file. Put your name, the date, and your section number in it. Save your spreadsheet on a disk.  

- Place a mass holder, reflective screen, and 50 gram mass on the end of the spring.  Put the sonic ranger on the table, beneath the reflective screen.

- Power up the ULI, start up Logger Pro and Open the file "Sonic Ranger " or “Motion Detector”.

- Zero the Sonic Ranger. 

- Set the sampling rate to 30 samples/sec and the sampling time for 30 seconds.

- Take a few minutes to carefully examine the apparatus.  Make a careful sketch of the apparatus in the space on the next page.  Be sure to:





(1) label all the parts, sensors, cords, etc.  





(2) include a scale or size bar





(3) Show your instructor when you are done.

Figure VII.1 Sketch of the simple harmonic motion apparatus.

Part B: Find the spring constant and mass







The Big Picture: the oscillation frequency of a mass and spring system is determined by the mass 

m and the spring constant k .  In this part, you will measure m and k and use them  

to compute the expected oscillation frequency.

- Measure the total mass of the mass holder, reflective screen, and 50 gram mass.  Record the total mass m in the first sheet of your spreadsheet. Don't forget units!

- Record the uncertainty m in your measurement of the mass. Don't forget units!

- Determine the spring constant k.  The next few paragraphs will guide you. 

- With the mass holder, reflective screen, and 50 gram mass hanging from the spring, use a ruler to measure the height h of the mass above the table Record h in your spreadsheet.   Don't forget units!

- Estimate the uncertainty h in your measurement of the height h and record in your spreadsheet. Don't forget units!

- Now remove the 50 gram mass (keep the mass holder and the reflective screen attached to the spring) and remeasure the height h' of the holder above the table. Record h' and x=h'-h in your spreadsheet. Don't forget units.

QUESTION B1: Use propagation of errors to find the uncertainty in your measured value for 


h'-h.  Show your work in the box below. Don't forget units!

- The distance (h'-h) is how much the spring stretches when 50 grams is added to the spring.  Since the force of gravity on 50 gram is just (0.05 kg)*(9.8 m/s2)=0.49 N, this must be the additional force the spring generates whenever it stretches an additional distance of h'-h.

QUESTION B2: Explain how you can use your measurements of h'-h to find the spring constant k.  Show you instructor.  

- Use your measurements of h'-h to find the spring constant k and record in your spreadsheet.   Don't forget units!

QUESTION B3: Use propagation of errors to find the uncertainty k in your value for k.    Record the value for k in your spreadsheet and show your work in the box below. Don't forget units!

- From your measurements of the total mass m and the spring constant k, use the equation 
[image: image1.wmf]m

k

=

0

w

 to determine the expected angular frequency of the oscillation.   Don't forget units!

- Once you have found o, use it to compute the oscillation frequency f= o/(2) and the period T=1/f.  Record in your spreadsheet. Don't forget units!

QUESTION B4: Given your uncertainties in k and m, use propagation of errors to find the uncertainty o in your value for o.    Record the value for o in your spreadsheet and show your work in the box below. Don't forget units!

Part C: Take a Data Set











The Big Picture: In this part you will observe the mass and spring system as it oscillates 

- place the 50 gram mass back on the weight holder 

- Have the Logger Pro start acquiring Position data.  

- Let the system take data for a couple of seconds and then lift the mass about 10 cm and let it go.

- Examine the data.  You should have a short flat section at the start (before you lifted the mass) and an oscillating section in the middle and end.  If it looks OK, show your instructor.  If something looks peculiar, adjust the sonic ranger and try taking the data again.

- Copy the data onto the second sheet of your spreadsheet.  Name this sheet "50 gram data" and be sure to label the different columns. Don't forget units!

Part D: Quick Check










The Big Picture: Take a quick look at your data and get rough estimates for the key parameters.  Doing this right after you take the data can save you a lot of trouble later on.  

PLOT D1: On the second sheet of your spreadsheet, make a plot of position versus time for the 50 gram data. Label the plot and its axes. Don't forget units!

· To get an easy but rough estimate of the oscillation frequency, count the total number N of oscillations in the plot and find the total time t the system was oscillating. Record both in your spreadsheet.  Now divide the total number N by the total time t to get an estimate of the oscillation frequency f.  Also find the estimated period T =1/f and the estimated angular frequency =2f. Don't forget units!

QUESTION D1: Compare your estimates of o, f, and T to the expected values found in Part A. Don't forget units!

QUESTION D2: You were supposed to raise the mass 10 cm to set it oscillating.  Is this value consistent with your plot? Comment briefly.

- You can also get a rough estimate for the damping time constant .  The damping time constant is defined as the time it takes for the amplitude of the oscillation to change from its starting value to 1/e of its starting value, where 1/e = e-1 = 1/2.71828 ( 0.37.  So it takes a time  2 for the amplitude to decrease to [image: image2.wmf]e
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of its starting value. Record your estimate for  in your spreadsheet. Don't forget units!

- Finally, you can get a quick estimate for the resting position xo of the mass by finding the average position of the mass before you grabbed hold of it and released it.  Record your estimate in your spreadsheet. Don't forget units!

Part E: Fitting the Waveform









The Big Picture: In this section, you will compare your data to the theory and check whether your results are consistent with the rough estimates you made above and the expected values you found in part B.
- Start on sheet 2 with the 50 gram data.  

- At the beginning of your position versus time data, you should have a section taken when the mass wasn't moving yet.  Use this section to find the precision of the position measurement..

QUESTION E1: What is the random uncertainty in each position measurement made by the sonic ranger and how did you find it?

- Use a 2 analysis to compare the position versus time data to the theory:
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Make sure that you only try to fit the data after you released the mass! Treat the initial amplitude A, the decay time , the angular frequency , the phase , and the resting position xo as parameters.  You can estimate the phase, (, by noting that at t = 0, the position is given by 
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.   So if the zero of time is reset to the beginning of the oscillation, by subtracting this beginning time from the LoggerPro recorded times, then at the beginning time 
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 .   So resetting the zero of time allows you to get a good estimate for (.   Use the Solver to minimize 2 by simultaneously varying all five parameters. Don't forget units!

PLOT E1: Add your theory to the data plot D1.  Show your instructor.

QUESTION E2: Find the number of degrees of freedom v and then calculate P(2,). Does you data fit the theory? Comment on what your value of P means. 

QUESTION E3: By what percentages do your best fit values for A, , , and xo differ from the rough estimates you made in section E.  The easy way to do this comparison is to make a small table which has your rough estimates in one column, your best fit values in another column, and the percentage differences in a third column. Don't forget units!

QUESTION E4:  From the theory of the Simple Harmonic Oscillator (see Appendix B), from your value of the resonance frequency  and the decay time , you can find [image: image7.wmf]w
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.  Use this formula to find o.  Don't forget units! Compare your value of o to , by what percentage do they differ?

QUESTION E5: Compare the value of  you found above to the expected value of o you found in part B.  Considering the uncertainty you found in your expected value of o (see your answer to question B4) is there agreement between the expected value and the measured value?  Explain briefly. Don't forget units!

Part F: Dependence of frequency on amplitude





The Big Picture: In this part you will examine one of the surprising facts about simple harmonic motion: the frequency of the motion does not depend on the amplitude of the motion.

- Examine your plot of the position versus time for the 50 gram mass.  Notice that the amplitude of the oscillation is getting smaller as time goes on.  This is due to air resistance.  What is less obvious is that it the time it takes to complete each oscillation is about the same, independent of whether the oscillation is big or small.  This is a remarkable property of simple harmonic motion, which you will check in this part.

- To help keep things straight for this part of the analysis, copy your position versus time data for the 50 gram mass into sheet 4.  Arrange and label the columns as indicated below:

	
	A
	B
	C
	D
	E

	1
	
	
	
	
	

	2
	t (s)
	x (m)
	x-xo    (m)
	crossing (s)
	amplitude (m)

	3
	0
	1.1
	0.1
	
	

	4
	.033
	1.2
	0.2
	
	

	5
	0.066
	1.3
	0.3
	
	





in column D enter the formula   =IF((C4<=0)*(C5>0), A4,"")





in column E enter the formula    =IF((C4<=C5)*(C5>C6),C5,"")
- Notice that column C contains x-xo. Looking down this column, it is easy to see when the position crosses zero.  Now if you start at a crossing and wait for the position to cross zero crosses two more times then that means the mass has completed one full cycle of oscillation (if you started at a crossing where the mass was headed up, then on the next crossing it was heading down, and only on the one after that was it heading up again).  Thus the time between every other crossing is the period of the oscillation. Don't forget units!

- You can get Excel to pick out the upward going crossings by using the logical function shown above for Column D.  The first part ((C4<0)*(C5>0)) is a test.  It says check if C4 is less than zero and also whether C5 is greater than zero.  This combined statement can only be true if the position x-xo changes from negative to positive (i.e. when the mass crosses zero heading upward). If the test is TRUE, then the cell will show the value A4 (the second part of the IF function) which is the time of the crossing.  On the other hand, if the test is FALSE, the cell will show "", i.e. nothing will be displayed since double quotes "" will just display blank text.  

- In the same way, you can get Excel to find the amplitude of each oscillation.  To do this plug in the logical function shown above for Column E and copy it to all cells.

- Scroll down the column of crossings.  You should find that there is just one crossing per oscillation.  However, as the oscillations get small,, you may  find multiple crossings in one cycle due to noise.  Delete an multiple crossings so that you have just one crossing per oscillation.  Do the same for the column of amplitudes

- You can now use an obscure Excel function, the select-special command, to selectively copy all of the crossings and get rid of all the blank spaces between the crossings.  To use the select-special command, you first need to select the entire column of crossings (Column D).  Once you've got the column highlighted, got to the EDIT menu, select GOTO, then select SPECIAL and click on FORMULAS and NUMBERS.  Then click on COPY and click on a column where you would like to put the crossings.  Lastly, do a PASTE SPECIAL into the column where you want to put the crossings.  If you did this correctly, you should find that you now have a column of the crossings, with no blanks between them.

- The difference in time t between successive crossings is just the period.  For each pair of crossings, compute the frequency f=1/t. Don't forget units!

PLOT F1: Plot the frequency f versus the amplitude. Don't forget units!

QUESTION F1: Since you used a sampling rate of 30 samples per second, the sonic ranger took data every 0.033 seconds.  This implies that each crossing time was precise only to about half of that, i.e. to within ±0.017 seconds.  To find the frequency, you had to find t by taking the difference between two crossing times and then find the frequency by taking f=1/dt.  What is the error in each f? Don't forget units!

- Based on your answer to Question F1, add error bars to your plot of frequency versus amplitude.

QUESTION F2: Describe your plot and then explain exactly how you could use your data to test a theory which said that the frequency was independent of the amplitude.

- BEFORE LEAVING THE LAB, E-MAIL A COPY OF YOUR SPREADSHEET TO YOUR INSTRUCTOR

V: Homework










Due by Friday at 6 PM.  Send your Excel spreadsheet as an attachment to your instructor,

1. Redo any parts of the first exam which you lost points on.  By the way, we expect you to ask us if there is something you don't understand! Don't forget units!

2. You step into you car and notice that it sits 0.5 cm closer to the ground than when you were not in it.  Assuming that in the cars suspension there is just one effective spring that supports the cars body, what is the spring constant of the spring in Newton's per meter.  You should find a number, show all your work, and briefly explain what you did.  Don't forget units!

3. If the mass of you and the car in the previous problem is 1600 kg, what is the frequency at which the car will bounce up and down if it hits a bump in the road? Don't forget units!
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