Answers

Chapter 11


HookesLaw.xls Answers
1) In the OneObs sheet, create a data set of 10 measurements with weights from 0 to 9 by 1 kg.  You do this by clicking on the Get One Measurement button 10 times and entering the weight value in cell B7.  See Section 11.6 for more detail. Create a scatter plot of your 10-observation data set with Observed Length as a function of Weight.

Fit a line (using Add Trendline) to your chart and display the equation of the fitted line.  Add another series to your chart: True Length.  Display only the line (without any markers). Copy (as a picture—hold down the Shift key as you click on the chart; then execute Edit: Copy Picture) and paste your finished chart into a Word document.
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The Excel workbook HookesLawAns.xls contains the data set in the OneObs sheet.

2) In your Word document, answer the following question: Why does the fitted line diverge from the true line?

This occurs because, when the length of the spring is measured, we obtain a number composed of two parts: 1) a deterministic part that is the true length of the spring with that weight on it and 2) a stochastic (random) part generated by the measurement process itself.

Every observation is composed of True Length + Error.  Because Error is like a draw from a box, every sample will be different, and thus the fitted line will be bouncing around the true line.  

3) Run a Monte Carlo simulation that explores the effect of changing the spread of the Weights (cell A6 in the OneSample sheet).  Compare the effects on the sampling distribution of the slope when you change the Weight Step from 1 to 2.  Use the Take a Picture button to copy pictures of the Monte Carlo results into your Word document when the Weight Step is 1 and when it is 2.
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4) What can you conclude about the effects of changing the SD of the weights on the sampling distribution of the slope?  Comment on how the SD of the weights affects the center and spread of the sampling distribution.

There is no doubt about it; increasing the spread of the weights (from 0 to 99 to 0 to 198) lowers the spread of the sampling distribution by about 50 percent (from 0.0346 to 0.0173). These are approximations to the exact SE of the two sampling distributions.  

The center remains virtually unchanged, which means that the slope estimator is unbiased.

5) Can you provide an intuitive explanation of the improved performance of the Weight Step = 2 experimental procedure?

HINT:  Try a Weight Step = 0.2.  What happens?  You might try to explain what is going on visually with screen shots.
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The intuition is that there will be much less bounce in the line if it is a really long line like Weight Step = 2 versus a really short line like Weight Step = 0.2.  By sampling through a longer range of X, you are getting more information on the slope from the induced change in Y; this reduces the relative importance of the errors in measuring the slope.  

The process resembles working with a cutting a board—you measure at one end and then the other and connect the measurements.  You do not measure at one end, then 1 inch away, and then extrapolate the line. A similar size error does much more damage to the cutting line with the second procedure than with the first.

Thus, the lesson can be summarized as follows: if the X values can be controlled when you sample, sample across a large range of X values.
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