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Standing Waves on a String

I. Purpose:













The purpose of this lab is for you to study some simple properties of standing waves.   At some frequencies the wave will have a relatively large amplitude.   These states of large amplitude oscillation are called resonances.   We want to see if these resonances occur at the frequencies predicted by a simple theory and that they depend on the parameters of the experimental apparatus as the theory describes.   On the way you will have to learn how to calculate weighted means and their uncertainties.
II. Equipment










                                                                     

Excel




Macro LnLnFit.xls

Macro LinFit



2-meter stick 



standing wave apparatus




III. Introduction 





   
 


                                                             

This experiment involves the motion of a string which has two fixed ends.  A section of the string is driven by an oscillating force that you will be able to adjust in amplitude and frequency.  At certain well-defined drive frequencies, you will find that standing waves are formed with a relatively large amplitude.  You will test a simple theory that predicts that these natural oscillation frequencies form a regularly spaced sequence with the frequency interval determined by the length L of the string, the tension T in the string and the string's mass per unit length µ.  The theory is covered in Appendix E to this manual.


The apparatus consists of a wire which is fixed at one end while the other end passes over a pulley and is connected to a weighted hanger.  The hanger applies tension and effectively fixes the second end; the weight on the hanger can be varied, allowing the tension to be varied. The wire is driven by a sinusoidal magnetic force which results from the interaction of an oscillating current through the wire and the magnetic field between the poles of a permanent magnet. The power oscillator for the oscillating current has four scales for varying frequency and a variable amplitude output.  The frequency is monitored by a hand-held digital frequency counter.

IV. Procedures, Analysis and Questions







Part A: The Apparatus











1. ..

1. Measure the mass of the 2.000 m (±2mm) wire sample, estimate the uncertainty in the mass and compute the mass density µ.

2. Hang a weight, total mass = 200 g, on the end of the wire and record the tension T in your 

spreadsheet.  Remember the total mass is the mass of the weight plus the mass of the holder.

3. Measure the Length L of the wire between the fixed points and record L and its uncertainty in your spreadsheet.  For best results, the wire should be about 1 m long.

4. Place the magnet near one end of the wire and check that the wire is centered in the gap between the two pole faces.

5. Check that the wire is connected to the oscillator so as to form a closed circuit

QUESTION A2.  Carefully examine the apparatus and make a electrical schematic of the wire and oscillator source. Your schematic should show all the electrical parts of the system and how they are hooked together.  Show the sketch to your instructor.

QUESTION A3:  Carefully examine the apparatus and make a sketch of it in the space below.  Be sure to clearly label all the parts and include a scale.  Show the sketch to your instructor.

Part B: Collect Some Data









1. Find the resonant frequency fn for as many harmonics as you can (n=1,2,3,4,5...).  Make sure that the wire oscillates only in the vertical plane.  Record the frequencies in your spreadsheet and don't forget to include the proper units.   You will need an estimate of the uncertainty in fn . To do this you will need to obtain the resonant frequency and then reduce the frequency of the oscillator until the resonant oscillation small.   Increase the frequency again slowly and note the frequency when the amplitude begins to increase rapidly.   The difference between the resonant frequency and the frequency at which the rapid increase in amplitude begins is an estimate of the uncertainty in the resonant frequency.

QUESTION B1: What units should you use for frequency?

2. Plot the frequency fn versus the mode number n and show your instructor.

3. Repeat B1 and B2 for two more weights, total mass = 100 g and 400 g.

Part C: Analysis












From the theory in Appendix E, you can extract two equations for the phase velocity of the waves in this experiment.   They are:
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Now the velocity can be eliminated to yield a single equation:
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The resonant condition gives:
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Substituting this in Equation C1 gives:
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Which can be rewritten as:
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Where 
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 is the frequency of the nth harmonic.

If T , L and  are kept constant then Equation C2 can be written:
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[C3]
Which shows that 
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 is linearly proportional to n.

1.  First let us check out Equation C3.  For each weight use the macro LinFit to do a linear fit with 
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 and its uncertainties associated with “y” and its uncertainties.   n is associated with “x” and has no uncertainty.

QUESTION C1  Is the resonant frequency linearly proportional to the harmonic number n within experimental error for each of the three weights you used?

QUESTION C2  How did you determine what was the answer to Question C1?


2. For all your results calculate 
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 and the uncertainty in this quantity in each case for your measured values.

3. Now calculate the weighted mean and the uncertainty in the weighted mean for the 
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’s associated with each of the three weights that you used.   You will find out how to do this from equations A.14 and A.15 in your manual for the course and from equations 1.35 and 1.36 in Data Analysis for Physical Science Students by Louis Lyons, the textbook for the course.

4. Now you can check out a modified form of Equation C2, 
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, where 
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 is the weighted mean of 
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.   In the same place as you found LinFit you will find another spreadsheet with an embedded macro.   Its name is LnLnFit.   LnLnFit fits the data to a function 
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.   So if you associate  
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 and its uncertainties with “y”, and T with “x”, you can do the fit and find a0  and a1 .   You can neglect the uncertainties in the tension T.

QUESTION C3  Is the value you got for a1 consistent with the expected value from the theory?    Explain how you got the answer.  

5. From associating the fitting function with Equation C2 you can set 
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.   Solve this equation for .

6. Calculate the value of  from the equation you derived in 5.

7. Propagate errors on the equation you found in 5.   Show your instructor.

QUESTION C4  Is the value of  you obtain from the equation you derived in 5 consistent with the value you got in A1?  Explain how you determined the answer to this question.

E-mail a copy of your spreadsheet to your instructor before leaving the lab.

V: Homework










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

1. In Appendix E, it is stated that y=f(x±vst) is the general solution to the wave equation E.1 when f is ANY well-behaved function of x±vst.  Show that this is true by substituting into equation E.1 and working out the derivatives.  

2. You should have found that the mass density you predict from fitting the frequencies differs significantly from the measured mass density.  In a few complete sentences, speculate on what might be causing this discrepancy and suggest an experiment you could do to test your ideas.

3. Explain how you could roughly measure the mean decay time  of the n=1 mode of the string.

4. How much tension would you need to apply to the string in this experiment in order for the wave speed to equal the speed of sound in air?

QUESTION A1: What is the equation which defines the mass density (?











Propagate errors on this equation and find the uncertainty in (, ((.
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