
A few notes:

• NCM=“Numerical Computing in Matlab ”, the textbook

1. NCM, problem 1.8. Be sure to answer all the questions asked in the problem. In particular,
you need to figure out what the matrix elements that are being generated are (look in chapter
one for the answer).

2. NCM, problem 1.34. Don’t just explain what each line of code does, explain the output of e
and what the values should be.

3. NCM, problem 1.35.

4. NCM, problem 1.38. Make sure you investigate the output of the roots([a b c]) thoroughly.
This is best done by setting the output equal to a variable, say x, and then investigating x(1)

and x(2). Make sure you compute the accurate root given the formula x1x2 = c/a in the
book.

5. NCM, problem 1.45. Note that the figure you produce in part (a) only has to have a resem-
blance to the figure given in the text.

6. According to the Richter scale, the magnitude M of an earthquake is given by the formula

M =
2

3
log10

E
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,

where E is the energy released by the earthquake, and E0 = 104.4 Joules is the energy of
small reference earthquake. Use Matlab to plot illustrating how the energy of an earthquake
depends on the magnitude from M = 1 to M = 9. Use the semilogy function to create the
plot and make sure you add labels and a title. Turn in the code you used to create the plot.

7. The history of computing π is a small, but important part of the history of mathematics that
involves many of the greatest mathematicians the world has known. There are many amazing
formulas for computing π including

π
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which was used by James Gregory 1671 to compute many of π’s digits. Another interesting
infinite series involving π is the so-called Basel series
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, (2)

which Leonhard Euler proved in 1735.

(a) Write a Matlab function for approximating π using the Basel series. Your function
should take as input the total number of terms to sum in the Basel series and output an
approximation to π. Using this function do the following:

i. Compute an approximation to π using N = 10, 102, 103, 104, 105, and 106 terms in
the series and report the results in a table.

ii. Compute the error in the approximation using the built-in constant for π from Mat-
lab and report the results in the same table.

iii. Plot the relative error in the approximations as a function of the number of terms
used in the sum N . Use a log scale on both the x and y axes of your plot to obtain
a nice picture of the error curve. Include this plot in your assignment.

(b) You should notice from part (a) that the series does not converge very fast. This is one
of the reasons people before Euler were not able to determine that the Basel series equals
π2/6; they couldn’t sum enough terms to make a guess at what the answer might be.
Euler, in all his greatness, noticed that the Basel series could be redefined as follows:
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where log here is the natural logarithm. This equation converges much more rapidly
and Euler (who was the closest thing this world may have seen to a human calculating
machine) was able to get a better idea of what the series might converge to (he later
proved the result).

Write a Matlab function for approximating π using Euler’s modification to the Basel
series (3). As in part (a), your function should take as input the total number of terms
to sum in the Basel series and output an approximation to π. Using this function do the
following:

i. Compute an approximation to π using N = 2, 22, 23, 24, 25, 26, and 27 terms in the
series and report the results in a table.

ii. Compute the error in the approximation using the built-in constant for π from Mat-
lab and report the results in the same table.

iii. Plot the relative error in the approximations as a function of the number of terms
used in the sum N . Use a log scale on both the x and y axes of your plot to obtain
a nice picture of the error curve. Include this plots in your assignment.

(c) None of the above series expansions for π, however, compare to the following one discov-
ered by John Machin in 1706:
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This formula is particularly nice since it only involves rational numbers and the second
term in the sum decays to zero very rapidly. With this formula Machin was able to
compute π to 100 digits (the most ever computed at the time).

Write a Matlab function for approximating π using Machin’s formula. As in part (a)
and (b), your function should take as input the total number of terms to sum in the Basel
series and output an approximation to π. Repeat part 2(b)(i)–(iii) using your function.

Note that there are now much better formulas for computing π than the ones listed above.

2



8. Let x and y be column vectors describing the n vertices of a polygon (given in an order that
traverses the polygon without repeating vertices, except the first ones). The area A of the
polygon can be computed using the formula

A =
1

2

∣∣∣∣∣∣
n∑

j=1

xjyj+1 − xj+1yj

∣∣∣∣∣∣ ,
where it is assumed that the vertices “wrap”, i.e. xn+1 = x1 and yn+1 = y1.

(a) Write a Matlab function that takes as input the column vectors xn and yn containing
the vertices of a polygon and does the following:

• Computes the area A using the formula above and returns the result. Try to avoid
the use of loops by being clever with the use of the Matlab function sum and vec-
torization.

• Produces a plot of the polygon with the edges of the displayed in blue and the vertices
displayed as red open circles.

• Labels the x and y axes and displays the area of the polygon in the title.

(b) Test your function on an equilateral triangle, square, regular pentagon, and regular
hexagon to verify that it works properly (make sure you include results showing that
it does in fact give the correct answer). Note that constructing the vertices for the regu-
lar pentagon and hexagon may require some thought. A regular polygon is one that has
sides of equal length and angles of equal measure.

9. (Area of Idaho) The code below loads two vectors containing the longitude (x) and latitude
(y) coordinates for the border of the state of Idaho and then plots the result.

clear all;

close all;

states = shaperead(’usastatehi’,’UseGeoCoords’,true);

id = states(12);

x = id.Lon; x = x(1:end-1);

y = id.Lat; y = y(1:end-1);

plot(x,y,’.-r’,’linewidth’,1)

daspect([1.5 1 1])

xlabel(’longitude’);

ylabel(’latitude’);

One can think of these coordinates as a polygonal representation of the state border. Use these
coordinates and the polygon area formula from the previous problem to estimate the size of
Idaho in terms of square kilometers. Note there are 1357 values in x and y and that x1 = x1357
and y1 = y1357 (i.e. they satisfy the “wrapped” property), so that the total number of unique
vertices is N = 1356. Also, note the values for the “vertices of the polygon” representing Idaho
are in degrees of latitude and longitude. Part of the challenge of this problem is to obtain an
area in square kilometers given these coordinates. You may assume that over the region covered
by Idaho, the earth is flat (so you do not need to compute the area of a “spherical polygon”).
However, you must scale your result appropriately for distances between latitude-longitude
coordinates on the region of the earth containing Idaho, or use some geometrical tricks to
convert the points to values in miles.

Compare your answer to “official” estimates for the area of Idaho. Make sure you explain how
you do the conversions and what may be the discrepancies between your estimate and the
official ones.

The following are some Matlab commands that may be useful for the programs above:

pi, for, while, sum, loglog, sqrt, if, plot, xlabel, ylabel, title
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Help on these commands can be obtained by typing

>>help <command>

at the Matlab command prompt.
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