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Physics 263: 1094 Session 2

Directions: Step through this sheet and write down answers to the questions/problems in italics
as you go. Watch the time and move on to the next section after the indicated time interval. Hand
it in at the end of the period for credit. Please work in pairs, but hand in individual sheets.

I. Plots using MATLAB (10 minutes)

1. If you did not log onto your Physics Department account during last week’s 1094 session,
you should log on today (flip a coin if neither or both partners logged on last time). If you
haven’t already done so, create in Windows a directory (“folder”) called 263 in your space on
the U-disk (or anywhere else you want).

2. Start up a web browser. Go to the 263 page (http://www.physics.ohio-state.edu/ ntg/263)
and find the “1094 Sessions” section and the files for today. “Right click” (click with the right
mouse button) on each of them in turn and “Save Link as ...” each one to your 263 directory.
Start up MATLAB 7. Change the current directory so that the “M files” are in MATLAB in
the subwindow in the upper left.

3. Sketch the function from last year’s quiz 1, f(x) = xe−x2
. Then follow the “MATLAB Cheat

Sheet II” to plot the function on a linear-linear plot with a wide enough range to see the
details of the function (e.g., from −3 to 3). [Note: Read 1.d if you get an error.] Add the line
y = x to your plot. How does the line relate to a Taylor expansion of the function? Where is
it a good approximation to f(x)?

4. Make a log-log plot of cosh(x)− 1 from 10−3 to 101 using logarithmic spacing (see the cheat-
sheet!). Explain why part of the curve is a straight line (and why it is not straight for larger
x). Bonus: Can you explain the actual slope of the linear part?

II. Chapter 2 Integration Practice/Check (15 minutes)

Use MATLAB to check your results for a couple of practice problems using integration techniques
described in BTM Chapter 2 (substitutions, integration by parts, differentiation of parameters).

1. Evaluate the integral:
∫

x3
√

x2 + a2 dx. Check your answer using MATLAB, following the
“MATLAB Cheat Sheet II” as needed. Write the MATLAB command you used.
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2. Evaluate the integral:
∫

x lnx dx. Calculate the answer using MATLAB to check your result,
following the “MATLAB Cheat Sheet II” as needed. Write the MATLAB command you used.

III. Numerical Derivatives and Round-Off Error (20 minutes)

1. Run deriv test.m by typing deriv test at the >> prompt, enter 2 for x0, and look at
the plot that is produced. This plot is of the error made by using approximation 1 for the
derivative of a test function (see the “Cheat Sheet” for a list of the approximations from
class). If y = Cxα, then log y = log C +α log x, and a log-log plot is a straight line with slope
α. What does the slope of the line in the plot tell you about how the error depends on ∆x?
Apply the Taylor expansion of f(x + ∆x) to approximation 1 to derive the theoretical result
for the error. Are the two results consistent?

2. Find deriv test.m and test function1.m in the directory listing and bring them up in the
“Editor”. Along with “MATLAB Cheat Sheet II” there are printouts of these files. Step
through the listings and figure out how they work. What is the test function?

3. Modify deriv test.m so that the lower limit of ∆x is 10−20 and then run deriv test again.
Now there are three regions in the plot. What you are seeing is evidence for “round-off error”
in the calculation. Because decimal numbers are represented with a finite number of binary
digits (0’s and 1’s), there is a limit on how close two numbers can get and still be represented
accurately. This is called the “machine precision”. It means that when ∆x gets too small,
the difference f(x0 + ∆x) − f(x0) reaches a minimum approximately equal to the machine
precision. Why does this lead to the slope that you observe below 10−5?

4. Bonus: Speculate on what is happening at still smaller ∆x.

5. Modify deriv test.m to add a second line to the plot that calculates the approximate deriva-
tive using method 3. How do the slopes compare? What do you conclude?

6. Bonus: Copy test function1.m to test function2.m and try another function. Do you get
the same results?

7. Bonus: Derive an expression for an approximation to the second derivatives from the Taylor
expansions for f(x + ∆x) and f(x − ∆x). Copy and modify the code to implement this
expression for the test function. Identify the error. [Print your new code.]
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