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Anharmonic Oscillator

I. Purpose:











 

Not everything that oscillates is a simple harmonic oscillator.  The purpose of this exercise is to introduce you to some of the basic physics of anharmonic oscillators and how they differ from simple harmonic oscillators such as the one you examined in the previous lab.

II. Equipment













Excel




Logger Pro


LinFit


ULI interface



sonic ranger





airtrack 



cart



two springs


support arms for springs

ruler






stand




mass holder


masses

III. Introduction to Anharmonic Motion









We can define simple harmonic motion as oscillatory motion in which there is a spring-like restoring force, i.e. the force goes as F = kx, where x is the displacement of the oscillating mass from some equilibrium position.  In contrast, anharmonic motion is oscillatory motion in which there is a restoring force which is not like a spring.  For example, in this experiment the force F on the mass goes as:




 

F = kx k'x3 

where x is the displacement of the mass from the equilibrium position.  Thus the restoring force grows much more rapidly with x than it would for an ideal spring. 


  It is unlikely that by this time in your physics education you will have studied much if anything about anharmonic oscillators.  In large part, this is because the theory of anharmonic oscillators is much more complicated than the theory of simple harmonic oscillators.  In addition, the presence of an anharmonic potential in a system leads to a wide range of effects, and these effects are generally thought of as requiring a more "sophisticated" grasp of physics to understand.  
By careful experimentation, it is quite possible to understand some of the basic properties of anharmonic oscillators, and how they differ from simple harmonic oscillators.  One of the most striking things one finds is that the frequency of the motion depends on the amplitude of the motion.  This is quite different from the behavior of simple harmonic oscillators, where the frequency is independent of the amplitude of the motion.


Although you probably have not encountered the theory of anharmonic oscillators in your studies, you have almost certainly come into contact with anharmonic oscillators themselves in the real world.  In fact, most systems that oscillate will display anharmonic motion when pushed to large enough amplitude.  One is a pendulum; for small amplitudes, the motion appears to be simple harmonic motion, but for large amplitudes, there are significant deviations,.  For this weeks lab, we have provided a system which readily displays anharmonic behavior.  Essentially it is a mass (a cart) connected to two ideal springs.  The cart rides on a low friction airtrack and the springs are connected to the cart in a direction perpendicular to the airtrack.  Thus the cart can only move in the direction transverse to the springs.  Appendix C contains a brief summary of the theory of this system.  You should read through the summary and try to get a sense for the physical parameters that control the motion. 

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.  

- Power up the ULI, start up Logger Pro and Open the File "Sonic Ranger". 

- Set the sampling rate to 30 samples/sec and the sampling time for 3 seconds.

- Level the airtrack and check that the spring-posts are in the 6" holes.

- Take a few minutes to examine the apparatus.  Make a careful sketch of the apparatus in the space below.  Be sure to:





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





(2) draw to scale and include a scale or size bar





(3) Show your instructor when you are done.

Figure IX.1 Sketch of the anharmonic motion apparatus.

Part B: Measure the main system parameters







The Big Picture: In this system, the oscillation frequency is determined partly by the mass m, the spring constant k, and distance between the mass and where the spring is attached.  In this part, you will measure the key parameters you will need to compare theory and 
experiment.

- Check that the cart has two 50 gram masses on it and then measure the total mass m of the cart and reflective screen.  Don't forget to include units in your spreadsheet.

- Also record the uncertainty m in your measurement of the mass. Don't forget to include units in your spreadsheet.

- To compare your data to a theory in this experiment, you need to:  



(a) Measure the total arm length L for both of the spring arms.  This is the distance from the center of the cart (where the springs are attached) to the posts that secures the far end of the spring.    Average the two results.   Don't forget to include units.



(b) Measure the stretched spring length L' of each of the springs when the cart is in its equilibrium position.  To do this, put the cart is in its equilibrium position and measure from the first coil on the spring to the last coil on the spring. Average the two results.   Don't forget to include units. 



(c) Measure the unstretched spring length Lo.  To do this, detach each spring from the setup and place it on the table, unstretched.  Measure from the first coil on the spring to the last coil on the spring. Average the two results.   Don't forget to include units.

- Fill in the blanks in following table and put into your spreadsheet:

	L1 (m)
	L2 (m)
	<L> (m)
	L'1 (m)
	L'2 (m)
	<L'> (m)
	[Lo]1 (m)
	[Lo]2 (m)
	<Lo> (m)

	
	
	
	
	
	
	
	
	

	L1 (m)
	L2 (m)
	L> (m)
	L'1 (m)
	L'2 (m)
	L'> (m
	Lo]1 (m
	Lo]2 (m)
	Lo> (m)

	
	
	
	
	
	
	
	
	


	d=(L'-L0) (m)
	

	
	

	dm
	

	
	


QUESTION B1: Explain in some detail how you measured the spring constants.

QUESTION B2: To find the spring constants, you had to measure the distance x that each spring stretched.  Use propagation of errors to find the uncertainty in your measured value for the distanced stretched.  Show your work in the box below.

QUESTION B3: Use propagation of errors to find the uncertainty k in your values for k.    Record the value for k in your spreadsheet and show your work in the box below.

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

o

=

k

m

.  

Use the average spring constant for k.  Don't forget to include 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.

Part C: Acquire a data set











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

· Reattach the springs to the cart. Turn on the air blower.

· Calibrate the sonic ranger by zeroing the ranger when the cart is stationary in the resting position.   Turn off the air supply so that the cart settles on the track.   Then take about 3 seconds worth of data with the cart at this position.   Record the position of the cart on the track scale.   Next move the cart about 15 cm toward the ranger and take another  3 seconds worth of data.   Record the position of the cart on the track scale.    Lastly move the cart about 30 cm away from the ranger.    Take 3 seconds worth of data and record the position on the track scale.     Now use LinFit to find the accuracy and its uncertainty of the sonic ranger by using the measured sonic ranger distance as “x” and the position on the airtrack as “y”.  Remember to include the uncertainties.  

· Turn on the air blower.   Reset the sampling time to 80 seconds.

· Have the sonic ranger start acquiring position data.  Watch that you get a nice flat part

-     Pull the cart about 15 cm along the track (away from the ranger) and let it go.

· Examine the data.  You should have a short flat section at the start (before you pulled 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.

Part D: Quick Check











The Big Picture: Take a quick look at your data and get rough estimates for some 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 your data. Label the plot and its axes.

QUESTION D1: Describe your plot.  In what ways does this plot appear to differ from the plot you made last week of a simple harmonic oscillator.  

- Get a rough estimate for the oscillation frequency at the beginning and end of your data. Find the period  to complete one oscillation shortly after you released the mass.  Also find the period  to complete one oscillation at the end of your data set. Record both in your spreadsheet.  Also find the estimated frequency f =1/T and the estimated angular frequency o=2πf at the beginning and end of the trace.

- Find the initial amplitude x of the motion shortly after you released the mass.  Also find the amplitude at the end of your data set. Record both in your spreadsheet. 

QUESTION D2: You were supposed to pull the mass 15 cm to set it oscillating.  Is this number consistent with your plot? Comment briefly.

- You can also get a rough estimate for the damping time constant .  We expect that it takes time  for the amplitude of the oscillation to decrease by a factor of e-1 = 1/e = 1/2.71828 ≈ 0.37 or that it takes a time 2 for the amplitude to decrease by a factor of [image: image2.wmf]e

-1/2

 = 

1

e

 = 0.61

.  Record your estimate for  in your spreadsheet.

QUESTION D3: Does the amplitude look like it really is decaying exponentially?

- Finally, you can get a quick estimate for the resting position b 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.

Part E: Dependence of frequency on amplitude






The Big Picture: In this part you will examine one of the surprising facts about anharmonic motion: the frequency of the motion depends on the amplitude of the motion.

-  Examine your plot of the position versus time.  Notice that the amplitude of the oscillation is getting smaller as time goes on.  This is due to air resistance and friction in the apparatus.  Notice that the oscillation frequency also changes as time goes on.  We want you to plot frequency versus amplitude.  

-  To help keep things straight put the Time into column A and the Position into column B.

-  Make a new column C which contains a calibrated x by using the values of a0 and a1 that you got by using LinFit in part C to calculate an airtrack scale x from the sonic ranger x in column B. Make a new column D which contains x-b, where b is the resting position.   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 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.

-  You can get Excel to pick out the upward going crossings by using logic functions.  To find the upward going crossings, add a new column E which in say row 4 contains the expression:





=IF(((D4<=0)*(D5>0)), A4,"")

The function IF is an example of a logical function.  The first part ((D4<=0)*(D5>0)) is a test.  It says check if D4 is less than or equal to zero and also check if D5 is greater than zero.  This combined statement can only be true if the position x-b changes from negative (or zero) 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.

-  To get Excel to pick out the amplitude of each oscillation by using logic functions, add a new column F which in row 4 contains the expression: =IF(((D3<=D4)*(D4>D5)), D4,"")

The first part (D3<=D4)*(D4>D5)) says check if D3 is less than or equal to D4 and also check if D4 is greater than D5.  This combined statement can only be true if the point D4 is a maximum (i.e. points before and after are equal or not as high). If the test is TRUE, then the cell will show the value D4 (the highest point), which is the amplitude for that part of the oscillation.  On the other hand, if the test is FALSE, the cell will show blank text.

-  The data occasionally does things that the logical functions can't handle properly. You need to take a careful look at the results in the crossings and amplitude column.  For each crossing, there should be just one amplitude nearby.  Delete multiple amplitudes that occur at about the same time and check that you haven't missed any crossings.  Label this column as the amplitude xo of the oscillation.

- Grab the crossings and amplitudes and assemble them together in a small table.  To do this go to the Edit Menu, click on GO TO, and then Special and highlight Formulas and Numbers. After you have selected and pasted the crossing data, do the same for the amplitude data. 

· The difference in time (t between successive crossings is just the period T.  For each pair of crossings, compute the frequency f=1/T.

PLOT E1: Plot the frequency f versus the amplitude xo.

QUESTION E1: Describe the plot.  Does the frequency depend on amplitude.  If so, how does it depend?

QUESTION E2: 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 accurate only to about half of that, i.e. to within ±0.017 seconds.  To find the frequency, you had to find T= (t by taking the difference between two crossing times and then find the frequency by taking f=1/(t=1/T.  What is the error in each f?

-  Based on your answer to Question E2, add error bars to your plot of frequency versus amplitude.

PLOT E2: Plot the theory on your data:

-  Use your measured values for <Lo>, <L′>, <L>, to get dand L: compute f as a function of amplitude xo.    See the theoretical expression s below.

 OPTIONAL ANALYSIS SECTION

This section is entirely Optional.  You should work on this section only if you have time.

- Use (2 analysis to compare your experimental plot of frequency versus amplitude to the theory:
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Treat  (0 , L, and d , as parameters.  Use the Solver to minimize (2 by simultaneously varying all three parameters.


A theorist at the Los Alamos national laboratory and his son have produced what they claim is a better solution for this problem.   The only way to tell if it is a better solution is to test it against the data from experiments.   If you like you can help us do this by comparing the fits you get with the equation above and the Los Alamos equation below.   You tell us which fit is better and why you think it is better.

The equation produced by the Los Alamos father and son is:
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PLOT E3: Add the best fit to your plot.  You should now have a plot of measured frequency versus amplitude, a theoretical curve, and a best fit curve.

QUESTION E3: Find the number of degrees of freedom .  Does your data fit the theory? 

QUESTION E4: By what percentages do your best fit values for (0 ,  L,  and d differ from the measurements you made in section B.  The easy way to do this comparison is to make a small table which has your measurements in one column, your best fit values in another column, and the percentage differences in a third column.

QUESTION E5: Compare your best fit values of (0 , L, and d to the values you found in part B.  Considering the uncertainty you found in your measured values  (see your answer to question B1 and the table above) is there agreement between the measured values and the best fit value?  Explain briefly.


BEFORE LEAVING THE LAB, SUBMIT A COPY OF YOUR SPREADSHEET .
V.  Homework











Due by Friday at 6 PM.  

1.  List three systems that display simple harmonic oscillations.

2.  In a few sentences, explain what you would do to determine whether a system is a simple harmonic oscillator or an anharmonic oscillator.

3.  In this lab, the frequency of the oscillation decreases as the amplitude decreases.  The result is a pulse of motion in which the frequency changes with time.  This type of pulse is called a "chirp" or less commonly a "whistler" . Chirps occur in numerous instances in nature and technology.  For example, bats use chirped pulses of sound to precisely locate flying insects.  Does the bat have an anharmonic oscillator which is producing the chirp ?  If not, how does the bat produce a chirp? 
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