Standing Waves - PHY 142L/162L
Measuring the Speed of Waves on a String
PART 1
In the first part of this lab we will measure the speed of waves on a string. We will check this for consistency and find a best value within a narrow range. The data will be entered and analyzed in the accompanying spreadsheet, which includes Graph A. Students will also be required to produce Graph B. 
Measurements
Measure the hanging weight mass Mwt. Measure the oscillating string length L. Find resonant frequencies fn for standing waves with increasing number of nodes, from zero nodes (n=1) to a moderate number of nodes (up to n=6). The spreadsheet will automatically calculate the corresponding wavelength n, inverse wavelength 1/n and wave speed vn=fnn, as well as the average speed vavg and its absolute variation v. 
A Global Fit. Wave Speed from the Graph Slope: f = v/
The spreadsheet plots Graph A of frequency versus inverse wavelength and produces the best straight-line fit. Transcribe the slope speed vslope value from the graph.
Comparison of Speed Values
Make Graph B. With speed on the vertical scale, this will show three data sets, separated horizontally: a) all the individual speed measurements vn, b) the average vavg with variation error bars v, and c) the graph slope speed vslope. The horizontal axis will only show labels: “values,” “vavg” and “vslope.”
Questions
a) Based on Graph B, is vslope consistent with vavg?
b) What is your best value for the speed and its uncertainty: V±V?
c) Will the speed change if the hanging weight is changed?
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PART 1a
Sources of Error or Uncertainty
When measuring a property of a system with an instrument, there are two main sources of error or uncertainty to consider: instrument uncertainty and system uncertainty. 

Instrument uncertainty:  Every instrument is limited. For example, a ruler that is used to measure lengths has tick marks, which indicate the possible measurement results. Any length between two adjacent tick marks is judged to have either one or the other value. So the instrument uncertainty of a ruler is half of the distance between nearest tick marks, or “half a tick mark.” So if a ruler is marked off in millimeters, the ruler uncertainty is 0.0005m. Or, if a digital scale shows “1.23g,” then the smallest tick mark is 0.01g, and the scale uncertainty is 0.005g.

System uncertainty:  The system property may be difficult to measure with the given instrument, or may not be well-defined beyond a certain level independently of the instrument used. For example, the width of a piece of paper is ill-defined if its edges a ripped and jagged. And the voltage across a circuit element may fluctuate rapidly over time, even though we expect it to be constant. 
Whatever the origin of the system uncertainty, it must be greater than the instrument uncertainty; otherwise we would not be aware of it, or we would not be concerned about it. So if the system uncertainty is less than the instrument uncertainty, we ignore it. But if the system uncertainty is greater than the instrument uncertainty, then it does not matter how accurate our instrument is. In this case, the measurement uncertainty is the system uncertainty.
Now consider the various measurements made in Part 1. For each one, first determine the instrument uncertainty. Then, if the system uncertainty is relevant, determine its value and briefly explain its origin.

	Quantity
	[units]
	Instrument
UNC
	System
 UNC
	System UNC origin

	Oscillating string length L


	
	
	
	

	Resonant frequency f


	
	
	
	

	Hanging mass M


	
	
	
	


As we analyzed the results of Part 1, we also found the linear mass density  of the string. We measured the length l of a long piece of string (about 10 m) using a ruler, and its mass m (about 12 g) using a scale. These were then combined:  = l/m. Again determine the instrument uncertainty and, if the system uncertainty is relevant, determine its value and briefly explain its origin.
	Quantity
	[units]
	Instrument
UNC
	System
 UNC
	System UNC origin

	Long string length l



	
	
	
	

	Long string mass m
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PART 2

In this part of the lab we will use an improved method to measure the speed of waves on a string, taking system uncertainties into account. We will compare this value to a theoretical value based on the string’s density and tension. All data will be entered and analyzed in the accompanying spreadsheet.
----------------------------------------------------------------------------------------------------

Theoretical Wave Speed
Measure entire string length and its uncertainty. Measure entire string mass and its uncertainty. Calculate percent uncertainties in entire string length and mass. Measure hanging weight mass and its uncertainty. Calculate percent uncertainty of hanging weight mass. Calculate string linear density, tension and theoretical wave speed. Calculate percent uncertainty (maximum of the percent uncertainties of the entire string length and mass, and the hanging weight mass), and absolute uncertainty in the theoretical wave speed.

----------------------------------------------------------------------------------------------------

Average Experimental Wave Speed

Measure oscillating string length and its uncertainty. Calculate percent uncertainty in oscillating string length. Calculate theoretical fundamental frequency and use as a guide to get started. Find frequencies for configurations with increasing number of nodes, from zero nodes (n=1) to the largest number of nodes discernible (up to n=10).

For each node configuration, measure high and low resonance limits. Calculate average frequency, frequency range and frequency percent uncertainty. Calculate wavelength, inverse wavelength and experimental wave speed. 
For the entire set of experimental wave speeds, calculate average experimental wave speed and its percent variation. Calculate the percent experimental uncertainty (maximum of the percent uncertainties in the frequencies and in the oscillating string length).
Judgment of speed variability:  Compare the percent experimental speed variation to the percent experimental uncertainty. Which is greater? What do you conclude, is the speed variable or not?
----------------------------------------------------------------------------------------------------

A Global Fit. Wave Speed from the Graph Slope: f = v/
The spreadsheet plots a graph of frequency versus inverse wavelength and produces the best straight-line fit. Transcribe slope speed value from graph.

Comparison of slope speed versus average speed:  Calculate the percent difference between the slope speed and the average speed. Compare this percent difference to the percent experimental uncertainty. Which is greater? What do you conclude, is the slope speed consistent with the average speed or not?
Determine an experimental range of speeds by picking a central value V and its absolute uncertainty V. They should, in your judgment, best represent the total set of measurements. Your best value is V ± V. 
Confront theory with experiment, including uncertainties:  Compare the theoretical value vth ± vth with the best experimental value V ± V. What do you conclude, is the theory consistent with the experiment or not?
----------------------------------------------------------------------------------------------------

Summary of judgments:

a) Is the speed variable?

b) Is vslope consistent with vavg?
c) What is your best value for the speed and its uncertainty: V±V?
d) What is the theoretical prediction?

e) Is the theory consistent with the experiment?
