
Computer Lab #1: Introduction to Matlab

Introduction: In M160 calculators were used when technology was required. The calculators are great
tools—all the way from the TI83 that will evaluate certain functions, plot and integrate numerically to the
TI89 (or the TI92 or Voyager) that will perform just about every calculation that you learned to do in M160.
The good news about the calculators is that they are portable and the bad news is that they have bad
keyboards and screens.

There are three different (at least three) computer algebra systems (CASs) for PCs and Macs that will
do all of the things that the calculators will do and more. Matlab, Mathematica and Maple are complete
programming environments. The packages will perform both numerical and symbolic operations. These
packages are apt to be the packages that you will use someday on the job.

We feel that it is imperative that you learn something about the capabilities of the CASs. We have chosen
to use Matlab in M161 because Matlab is used in a variety of upper division mathematics and engineering
classes. We will emphasize the symbolic capability of Matlab but will use some of the numerical capabilities
when it is appropriate.

Laboratory reports will be required for the labs. We will give you information about writing the reports
at the end of this lab.

Purpose: To introduce the student to some basic matlab facilities. Symbolic expressions and plotting are
emphasized. The student should read through the lab and follow along with matlab. After the lab is
completed, the student can complete the exercises given at the end of the lab.

Commands Reviewed: sym, pi, format, ezplot, axis, hold, subs, vpa, limit, diff, int

Symbolic Expressions

One of the capabilities of Matlab is that it can per-
form abstract operations on expressions. Usually
these expressions are formulas—just like the formulas
you have used in algebra and calculus—involving
unknown variables like x, y, and z. Open up a mat-
lab session by clicking on the matlab icon and type
the following commands in the command window
(where the cursor >> appears). Try

1/4+1/6

and then compare this to
sym(1/4+1/6)

The first command performed a numerical evalu-
ation while the second performed a symbolic evalua-
tion. When the first operation was done, the com-
puter stored all the entries in decimal form (essen-
tially forgetting that the numbers were fractions)
and performed the operation of addition on these
approximations. For the second command, the com-
puter understood that these fractions were not to be
stored in decimal form. The computer stores the
numbers as fractions and operated on these numbers
as fractions. Notice that for the second command,
matlab even reduced its final answer from 10/24 to
5/12. Both the numerical and symbolic evaluation
of these expressions is useful. It is nice to have both

evaluations at our disposal.
Lets consider another example of the distinc-

tion between numerical and symbolic evaluations in
matlab. If you type

pi
The computer returns the numerical value of π

with the number of digits of accuracy, which you
have chosen. You can change the displayed accuracy
with the command

format long
(or format short)
Now try typing pi again. Matlab interprets pi

as a real number which has either four or fourteen
places after the decimal point (depending on which
format you are using). This is an approximation and
is clear when we try

cos(pi/2)
cos(pi/6)
The answer to be the first command should in

fact be 0. Now matlabs given answer is terribly small
and for all practical purposes 0. It shows that the
evaluation of cos was performed numerically.

To tell matlab to think of pi as the object π (half
of the circumference of a circle of radius 1), we need
to make pi symbolic. Try the following commands

spi=sym(pi)
cos(spi/2)
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cos(spi/6)
Notice that although here we have matlab per-

form the same calculations as we did earlier, we now
get the exact answers.

Lets examine one more example of matlabs abil-
ity to manipulate symbolic expressions. Recall from
class that we have the cancellation equations for sin
and arcsin

x=arcsin(sin(x)) for x [-π,π]
x=sin(arcsin(x)) for x [-1,1]

Lets verify if these identities really work in mat-
lab. Using the well known fact that

sin(π/4) = 2/2

we will evaluate the right hand side of the identities
given above

sin(asin(1/2*2^(1/2)))
asin(sin(pi/4))
It works but the final answer is not in the same

form as the original input. If we want matlab to
give the exact answers, not just a numerical value,
we need to make both terms symbolic as follows.

spi=sym(pi)
sinpiover4=sin(spi/4)
Then we get
sin(asin(sinpiover4))
asin(sin(spi/4))
By telling matlab that an object is symbolic, it

performs the operations using basic operations and
identities, instead of doing the computation numer-
ically. We briefly mention that in this last set of com-
mands, we could have skipped the line spi=sym(pi)
since we had typed it earlier. Also, the variable
sinpiover4 is symbolic because when we take the
sine of a symbolic variable spi/4, the result will be
symbolic.

Graphing Symbolic Expressions

Matlab has a variety of plotting capabilities and
commands. In this course, all of your plotting will
be done with the ezplot command. Lets consider
the plot of arcsin. The first method is to try

ezplot(asin)
or
ezplot(asin(x))
In this form, we can also choose the axis, the pre-

vious command had a default range of [-1,1]. Try
ezplot(asin(x),[-1,0])

If we make x into a symbolic variable then the
apostrophes in the previous commands can be omit-
ted.

x=sym(x)

ezplot(asin(x))

The y-axis for the graph can also be changed with
the axis command. To change the axis on the last
graph it suffices to type

axis([-1,1,-2,2])

The first pair defines the range on the x-axis and
the second pair defines the range on the y-axis. For
example, if you wanted to change the range on the x-
axis to [0,1] and the y-axis to [-3,3], you would write

axis([0,1,-3,3])

or you could just write
ezplot(asin(x),[-1,1,-3,3])

Being able to control the axes is very useful since
often graphs wont look very nice the first time you
graph them. For example, lets plot two curves one
on top of each other

f= x^3-x^2-9*x+9

ezplot(f)

hold on

explot(f+1)

shows two curves almost on top of each other but
if we rescale

the graph with
axis([-4,4,-30,20])

the plots look much better. Let us explain some
of the syntax that we used above. To save some typ-
ing, the symbolic expression x^3-x^2-9*x+9 was
given a name, here f. Then f was plotted. The
hold on command told matlab that all future curves
would be plotted on the same graph (until we negate
the hold on command with a hold off command).
The final ezplot command graphed f+1, namely
x^3-x^2-9*x+10.

If you want to make another plot and not have it
add the new plot to the previous, you use the com-
mand hold off. Then the now plot will a new win-
dow.

It should be clear that the above notation is simi-
lar to the common function notation of mathematics.
If we wanted to evaluate f at x=2, we would like to
write f(2). Try it—it doesn’t work. To evaluate the
function f at x=2 in Matlab, we must use the subs
command. It’s not pretty but it works. We write

subs(f,x,2)

This command should be read as “substitute in f
for x, 2.”
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Calculus Operations on Symbolic Expres-
sions

The most important operations in calculus can be
performed symbolically in matlab. Among these we
review computing limits, derivatives, and integrals.
If it is at all convenient, we encourage you to double
check your homework solutions with matlab.

To compute the limit as x approaches 3 of sinh(x),
type

limit(sinh(x),x,3)
Notice that this was computed symbolically. To

obtain a numerical answer try
vpa(limit(sinh(x),x,3))
In general, it is best to begin by defining a func-

tion f and then to perform your operations directly
on f. For example:

f=sin(x)/x
vpa(limit(f,x,0))
or when computing the first and third deriva-

tives
diff(f)
diff(f,3)
or even indefinite and definite integrals
g=1/(1+4*x^2);
int(g)
int(g,-pi/2,pi)
If we do a calculation and we might want to use

the result again, we can give our result a name such
as

fp=diff(f)

Then if we wanted to compute the second and
the third derivative, we could type

fpp=diff(fp)
fppp=diff(fpp)
Or if we wanted to evaluate f ’(2), we could

write
fpo2=subs(fp,x,2)
We could play the same game with the integral

by writing
intg=int(g)
and check our answer by writing
intgp=diff(intg)
And finally, we suggest that you type
help limit
help diff
help int
to see all the options for these commands. If you

take some time to look at the help facility, you will
find that Matlab has a very good and useful help.
Once you find the command that you want to use, it
is usually enough skim to the bottom to see the ex-
amples that are included to find what you want to
do.

It should be made clear that we have just touched
on some of the capabilities of Matlab—some of the
useful capabilities and some of the calculus capa-
bilities. The symbolic part of Matlab can perform
the full range of algebraic manipulations, such as
solving equations, simplifying equations, expanding
equations, etc.

I hope you realize that you have been given just a small introduction to some of the things that Matlab
can do for you. We finally try to give you some information about writing the report.

The report should be typed up (and printed out on paper). Many people use the program “Word” by
Microsoft, but you are welcome to use whatever word processor you like – for example “Abiword” is a free
alternative. You may hand in the reports in groups of at most 3. (However by handing in the report you
assert that all members of the group contributed about equally and all understand the whole submission.)
The usual rules about copying and academic honesty apply.

If you save files on the computer make sure all filenames are unique – for example calling a file hw1YourName
and not just hw1 – as all users are using the same class account. Also copy all files you create on a memory
stick or floppy that you brought with you, as any files on the departmental machines will get erased.

We told you already earlier what we want you to put in the report. In general use your imagination
but write a nice report. If you use Word, one tool that might help you is the Symbol window. By clicking
Insert and then Symbol, you get a window that will allow you to insert an assortment of symbols in your
document. If you do not have any of the equation packages, it’s about the only way that you can easily
include mathematics in your document.

Another very important tool that you need is how to import your plots into your document. This can
be a very useful skill for other classes, other than M161. When you use ezplot to plot a function, your plot
comes up in a Figure window. Before you do anything with it, you might experiment with the tools in this
window that will allow you to edit your plot. You can insert text, arrows and lines. This all can be very
useful. When you have the plot that you like, you click on File and then on Export. An export window will
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pop up.
You see that the default file type for saving is .emf (for “extended metafiles”) which is a rather useless

format. Instead change the file type to .png (for “portable network graphics”). (One also could use .jpg, but
the JPEG format is for photos and yields a rather bad performance on bitmapo graphics as we have here.)

When it is time to insert your plot in your Word document, you click on Insert/Picture/From File.
Word will give you a browsing window that will let you find your file. You click on the file that you want
inserted and it appears in your Word document where your cursor was situated. And finally, you should
understand that by clicking on the plot in your Word document, Word will allow you to move the plot
around and to resize it.

Good luck!

Homework

Give your answers in the form of a clearly written report. You should begin with some sort of Introduction
or Purpose of the lab. You should end with some sort of Summary. You should answer the questions with
complete sentences. Do not list the matlab commands you used unless it relevant to your answer. Include
the matlab graphs into your text (not at the end in some obscure appendix) by exporting the picture as a jpeg
file and then pasting it into your word processor. You will be graded on the presentation.

1. Make x into a symbolic variable and study the expressions

sin(asin(x))

asin(sin(x))

Does Matlab give correct results? Does Matlab give the results that you would have guessed it should
give—given that you have studied these equations in the book? Why do you think Matlab gives the
answers that they give?

2. Plot the relation tan(y)=x using ezplot over the domain [-10,10,-2π,2π]. Then use ezplot to plot
atan on the same range. Compare and contrast these two plots.

3. Compare the limits lim
x→3

cos(x) and lim
x→3

cosh(x). Graph both cos(x) and cosh(x). Does there seem to be

any connection between these two functions?

4. Compute the limit

lim
h→0

sin(h + x)− sin(x)
h

and interpret the result.

5. Compute the following derivatives

a)
dg
dx

(0) for g(x) =
x2 − 3
x3 + 2

b)
d2g
dx2 (0) for g(x) = ex2

cos(x2 + 1)

6. Compute the following integrals:∫ 3

0
x4e3xdx, and

∫ 1

−1
x2 sin(4x)dx
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