Experiment 11

















   Second Review








                                       

I. Purpose:











 

The purpose of this exercise is to allow you to review the material covered in the second half of the course and prepare for next weeks exam.  Since this is a review, try to answer the questions yourself.  However, if you get stuck, by all means ask your instructor to go over the problem with you (its just about your last chance before the exam!).

II. Equipment










                                                                        


TakeData 


Excel



Logger Pro


Airtrack


ULI interface


air cart





force probe    


sonic ranger


set of masses



balance


meter stick


LinFit


pendulum


mass and spring apparatus
anharmonic motion apparatus


optical gate


vernier calipers

blank disk


wave apparatus







II. Review for the Practical Exam







                                                                    

- You should be able to finish the review in about two hours.

- Open up an Excel file. Put your name, the date, and your section number in it. Save your spreadsheet on a disk.  You will need to carry this around with you as you work through the review. 

     - There are 15 questions in the exam and they cover the four experiments you worked on.  Look around the room and find an open setup.  Find the corresponding part of the exam and begin working on it.  When you are finished with that part, go to the next open set-up.

Part A: Mass and Spring Oscillator













[USE SHEET 1 OF YOUR SPREADSHEET FOR THIS PART]


QUESTION A1: Take some data usingthe sonic ranger to record the position vs time for the oscillating mass.   Estimate the initial amplitude, decay time, angular frequency, the phase and resting position.

QUESTION A2: For the position versus time data, do a minimum 2 fit using the Solver, for the theoretical expression:
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- Use the short flat stretch of data at the beginning to estimate the uncertainty in the position measurements.  

- Treat the initial amplitude A, the decay time , the angular frequency , the phase , and the resting position xo as fitting parameters.

- Use the Solver to minimize 2 by simultaneously varying all five parameters.  Remember that to get a good fit with this many parameters, you will need to start the Solver with the parameters not too far from the correct values.

- Add the best fit theory to your data plot.

QUESTION A3: Find the number of degrees of freedom v and then calculate P(2,v). Does you data fit the theory? Comment on what your value of P means. 

Part B: Anharmonic Oscillator













[USE SHEET 2 OF YOUR SPREADSHEET FOR THIS PART]


QUESTION B4: 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 80 seconds.  Check the alignment of the Sonic Ranger and then Zero the Sonic Ranger. Level the airtrack and check that the spring-posts are in the 6.0" slots.  Pull the cart about 15 cm along the track (away from the ranger) and let it go. Examine the data and if it looks good copy the data onto the second sheet of your spreadsheet.  Plot the data.

QUESTION B5: 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.    Find the frequency of the oscillation around the initial amplitude.  Finally find the frequency of oscillation at the end of your data set.   Determine an uncertainty for each quantity.   Are the initial and final frequencies significantly different/  

QUESTION B6: Measure the spring constant, k, and its uncertainty for one of the springs.

 Part C: Measuring g with a Pendulum 












[USE SHEET 3 OF YOUR SPREADSHEET FOR THIS PART]

For this part, you can use the fact that the acceleration g due to gravity is related to the length L and period of a pendulum by:
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Here "a" is the radius of the spherical mass which is hanging on the end of the pendulum, and o is the maximum angle that the pendulum swings out to.   Some mathematical results.   If x << 1, then [image: image3.wmf]1
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.   Secondly a trigonometric result is useful: [image: image5.wmf]sin
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QUESTION C7: First  see what you would have to do to reduce to a negligible level the effect of swinging through a finite angle.   Suppose you made the second term in the square bracket  10-4, a factor of 10 smaller than the precision you want for g, which is 0.1% or 10-3.   This would help make the accuracy of your result better than the precision you want and lead to the uncertainty in your systematic error being much smaller than the random uncertainties in your measurements.

Use the trigonometric result to express the sin2 (0 /2) term in terms of cos. 

Use the diagram to express coso in terms of [image: image6.wmf]X
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Expand the quantity inside the square root using the result quoted above and simplify the fraction.

Set the resulting fraction to be less than 10-4.

What does the ratio [image: image7.wmf]X
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 have to be less than to satisfy this relationship?

QUESTION C8:  Suppose that you use TakeData to record the string crossings of the optical gate at a sampling rate of f samples/second.    The time associated with the crossing at the beginning of the first period is t1.   The time associated with the end of the Nth period is tN.

· What is the time interval for N periods of the pendulum?

· What is the uncertainty associated with each time measurement?

· What is the uncertainty associated with the time interval for N periods of the pendulum?

· What is the average period of the pendulum?

· What is the uncertainty in the average period of the pendulum?

Part D: Standing Waves on a String












[USE SHEET 4 OF YOUR SPREADSHEET FOR THIS PART]


QUESTION D9: Hang a 200 gm mass on the end of the wire.  Find the resonance frequencies fn and their uncertainties for harmonics n=1,2,3, and 4. Use LinFit to find the average value, <fn/n>.   Force a0  to be zero.

QUESTION D10: Using the data you obtained in QUESTION 9 find the weighted mean value of fn/n and its uncertainty.
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