
Project 5 - Loop: Lather, Rinse, Repeat

Objectives: To learn how to form and use loops in MATLAB, in particular:

• Standard and customized for-loops

• While-loops

Outcome:

• Write a script that utilizes loops to produce the result

1. Back to MATLAB

1. Start up MATLAB. Remember to set your directory to My Documents

2. To check out MATLAB’s help for the commands we’ll be using today, use help for and help while.

2. For-Loops

1. There are basically two types of loops: for and while, with the difference being based on how the loops is controlled. In a
for-loop the number of times the computer goes through the loop is controlled by a variable which has a prescribed set of values
to run through. In a while-loop, the number of times is controlled by a logical variable that is triggered by some event in the
loop.

2. The simplest for-loop is when the control variable takes on the values 1, 2, . . . , N for some value of N . In MATLAB that looks
like for i = 1:20 or for i = 1:N (if N is set earlier).

3. Since we are using a list of numbers to describe the range of numbers for the control variable, we can use any MATLAB ways of
creating lists of numbers (arrays) to control our for-loop. For example, we can specify a list with an increment: for j = 1:2:N.
We can go backward for k = 10:-3:1. We can even just specify a set of values for index = [1, 10, 100, 1000].

4. For-loops typically use the control variable, for example, here’s a short program that adds up the numbers from 1 to 100:

total = 0; % initial total to 0
for i = 1:100 % loop through 1, 2, ..., 100

total = total + i; % add next value to total
end
disp(total) % display result

Note how the for-loop ends with end and how we indent the body of the loop. A common use is to use the control variable to
indicate values in another array. For example, we could add two arrays, x and y by:

n = length(x); % determine the number of entries in x
for i = 1:n % loop thru all the entries

z(i) = x(i) + y(i); % add corresponding entries of x and y
end

Sometimes we don’t use the control variable because we just want to do something a certain number of times:

for i = 1:1000
disp(’Math 171 is the most awesome class ever!’)

end

(I suggest you don’t type this one into MATLAB, but if you do, remember ctrl-C!)

5. For-loops can be nested, just remember to use a new control variable:

for i = 1:10
for j = 1:10

disp(i*j)
end

end

3. While-Loops

1. In a while-loop the action occurs until some (logical) condition is met. For example
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x = 1; % initialize x
while (x>=0.01) % loop as long as x>=0.01

x = x/2; % half x
end

In this case, x will be halved until it reaches a value less than 0.01.

2. Two important things to remember about while loops:
The control variable(s) must be set before you start the loop.
Within the loop you must modify the control variable(s) otherwise you get an infinite loop.

3. Sometimes if the control is complex, you can use a single variable to control what’s happening, like so:

done = 0; % logical variable controlling the loop
count = 0; % set count to 0
while(~done)

x = 3.5*x*(1-x); % modify x
count = count + 1; % count # times thru the loop
if (x<0.01), done = 1; end % stop if x too small
if (x>0.99), done = 1; end % stop if x too big
if (count>100), done = 1; end % stop if too many interations

end

Another way to do this is to use break, which breaks out of a while (or for) loop:

count = 0; % set count to 0
while(1>0) % loop forever?

x = 3.5*x*(1-x); % modify x
count = count + 1; % count # times thru the loop
if (x<0.01), break; end % stop if x too small
if (x>0.99), break; end % stop if x too big
if (count>100), break; end % stop if too many interations

end

4. While-loops can be nested (and can be nested in or around for-loops):

n = 1; % initialize value
while (n~=0)

while (n>=0)
n = input(’Enter a positive number (0 to stop): ’);

end
disp(sqrt(n))

end

The outer while-loop runs until the user enters 0, the inner loops checks that the input is always a positive number.

4. To Do and Turn In

1. The mathematical action that is most commonly associated with a loop is summing a set of numbers from a sequence. We know
that

∞∑
n=1

1
n2

=
π2
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.

Write a script that sums up the first N terms of this series and then computes the absolute error between the computed value
and the exact value; use abs for absolute value. Use your script:

(a) Calculate the result and error for N = 10, 40, 160, and 640
(b) Find the smallest value of N for which the absolute error is smaller than 10−4 (1e-4). You can use trial and error to find

the N or you can think about how you might right a program to figure it out for you.

2. For the series:
∞∑

n=1

(−1)n+1

2n− 1
=
π
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write a new script that calculates the sum of the first N terms and compares the result with the exact value. Then, find the
smallest value of N for which the error is less than 10−4 (1e-4).

3. Submit your two scripts (one for each series) and in the comment section put the value of N that you found.

4. Do the survey and then you are done.
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