Module 1

| ntroduction to MATLAB

The purpose of this modulel isto review MATLAB for those that have used it before, and to
provide a brief introduction to MATLAB for those that have not used it before. Thisisa"hands-
on" tutorial introduction. After using thistutorial, you should be able to:

. enter matrices . perform matrix operations
. make plots . use MATLAB functions
. write smple m-files

1.1  Background

1.2  Usngthistutorial

1.3  Entering matrices

1.4 TheMATLAB workspace

1.5 Complex variables

1.6  Matrix multiplication

1.7  Plotting

1.8  Morematrix stuff

1.9 FORIloopsand IF-THEN statements
1.10 m-files

1.11 Diary

1.12 Toolboxes

1.13 Limitationsto Student MATLAB
1.14 Contacting MATHWORKS

1.15 Summary of Commands

1 A good referenceis “Introduction to MATLAB For Engineers and Scientists’ by D.M. Etter (Prentice Hall, 1996).

© 22 August 1996 - B.W. Bequette



2 Module 1. MATLAB

1.1 Background

MATLAB isan interactive program for numerical computation and data visualization. It was
originaly developed in FORTRAN asaMATrix LABoratory for solving numerical linear algebra
problems. The original application may seem boring (except to linear algebra enthusiasts), but
MATLAB has advanced to solve nonlinear problems and provide detailed graphics. Itiseasy to
use, yet very powerful. A few short commands can accomplish the same results that required a
major programming effort only afew years ago.

1.2 Using This Tutorial

Thistutorial provides abrief overview of essential MATLAB commands. You will learn this

material more quickly if you use MATLAB interactively as you are reviewing thistutorial. The
MATLAB commandswill be shown in the following font style:

Mbnaco font

the prompt for a user input is shown by the double arrow
»
MATLAB has an extensive on-line help facility. For example, type hel p pi at the prompt

» hel p pi
R A =4*atan(l) = 3.1415926535897.. ..

so we see that MATLAB has the number it "built-in". Asanother example

» hel p exp
BEP BEXRA(X is the exponential of the elenents of X e to the X

sometimes you do not know the exact command to perform a particular operation. Inthis case,
one can smply type

» help

and MATLAB will provide alist of commands (and m-files, to be discussed |ater) that are
available. If you do not know the exact command for the function that you are after, another useful

command is| 00Kf or . Thiscommand works somewhat like an index. If you did not know the
command for the exponential function was €Xp, you could type

» | ookf or exponenti al

BEP Exponent i al .
BEAM Mit ri x exponenti al .



1.2 Using This Tutorial

BEAL Miatri x exponential via Pade' approxi nation.
EXA\2 Mitri x exponential via Tayl or series approxination.
EA\B Mitri x exponential via ei genval ues and ei genvect ors.

EXPME sed by LINSMto calculate natrix exponenti al s.

1.3 Entering Matrices

The basic entity in MATLAB isarectangular matrix; the entries can be real or complex. Commas
or spaces are used to delineate the separate values in amatrix. Consider the following vector, X

(recall that avector is simply amatrix with only one row or column)
» X =[1,3,5709,11]

X =
1 3 S 7 9 11

Notice that arow vector isthe default. We could have used spaces as the delimiter between
columns

»Xx=[1 3 5 7 9 1]]

X =
1 3 5 7 9 11

Thereisafaster way to enter matrices or vectors that have alinear pattern. For example, the
following command creates the previous vector

» X =1.211

X =
1 3 S 7 9 11

transposing arow vector yields a column vector (' isthe transpose command in MATLAB)

»y:X'

If we want to make X a column-vector we use a semicolon as the delimeter between rows
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» X =[1,3,5,7,9; 11]

To make X arow vector gain, we use the transpose
» X =X
Say that we want to create a vector Z, which has elements from 5 to 30, by 5's
»z =5530
7 =
5 10 15 20 25 30

If we wish to suppress printing, we can add a semicolon (; ) after any MATLAB command
» z =5:5:30;

the Z vector is generated, but not printed in the command window. We can find the value of the
third element inthe Z vector, Z( 3) , by typing

» 2(3)

ans =
15

Notice that anew variable, ans, was defined automatically.

1.4 The MATLAB Workspace

We can view the variables currently in the workspace by typing

» Who

Your variables are;



1.4 The MATLAB Workspace

ans X y z

| eavi ng 621420 bytes of nenory free.

More detail about the size of the matrices can be obtained by typing

» Whos
Nane Sze Tot al Gonpl ex

ans

N < X

RPORR
EEE&
oORrOoOR
(o) e el
E666&

Gand total is (19 * 8 = 152 bytes,
| eavi ng 622256 bytes of nenory free.

We can also find the size of amatrix or vector by typing

» [ mn] =si ze(X)

where m represents the number of rows and n represents the number of columns.

If we do not put place arguments for the rows and columns, we find
» Si ze(X)

ans =
1 6

Since X isavector, we can aso use the length command
» | engt h(x)

ans =
6
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It should be noted that MATLAB is case sensitive with respect to variable names. An X matrix can

coexist with an X matrix. MATLAB isnot case sensitive with respect to "built-in" MATLAB
functions. For example, the length command can be upper or lower case

» LENGIH X)

ans =
6

Notice that we have not named an upper case X variable. See what happens when we try to find
thelength of X

» LENGTH X

??? Whdefined function or vari abl e.
Syntool i n question —=> X

Sometimesit isdesirableto clear all of the variablesin aworkspace. Thisis done by simply typing
» cl ear

more frequently you may wish to clear a particular variable, such as x

» clear X

thisis particularly trueif you are performing a new calculation of x and the new vector is shorter
than the old vector. If the new vector has length n, then al of the elements of the new x greater
than x(n) will contain values of the previous x vector.

Y ou may wish to quit MATLAB but save your variables so you don't have to retype or recalculate
them during your next MATLAB session. To save al of your variables, use

» save file nane

(saving your variables does not remove them from your workspace; only Cl ear can do that)

Y ou can aso save just afew of your variables

» save file nane X y z

To load a set of previoudly saved variables

» |oad file nane

1.5 Complex variables



1.5 Complex Variables

Both i and j represent the imaginary number, V-1, by default

» i

ans =

0 + 1. 0000
» |
ans =

0 + 1. 0000i
» sgrt(-3)
ans =

0 + 1. 7321i

Note that these variables (i and ] ) can be redefined (astheindex inaf or loop, for example), as
will be shown later.

Matrices can be created where some of the e ements are complex and the others are red
»a=[sqgt(4), Lsat(-4), -9
a =

2. 0000 1. 0000
0 + 2.0000i -5.0000

Recdll that the semicolon designates the end of arow.

1.6 Some Matrix Operations
Matrix multiplication is straight-forward
»b=[123,45 6
b=
1 2 3
4 5 6
usingthe a matrix that was generated in section 1.5:

» C =a‘b

c =
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6. 0000 9. 0000 12. 0000
-20.0000 + 2.0000i -25.0000 + 4.0000i -30.0000 + 6.0000i

Notice again that MATLAB automatically deals with complex numbers.

Sometimes it is desirable to perform an element by element multiplication. For example, d(i,j) =
b(i,j)*c(i,j) is performed by using the .* command

» d=c.*b
d=
1. 0et02 *

0. 0600 0. 1800 0. 3600
-0.8000 + 0.0800i -1.2500 + 0.2000i -1.8000 + 0. 3600i

(notice the scaling that is performed when the numbers are displayed)
Similarly, element by element division,b(i,j)/c(i,j), can be performed using . /
»e=Dh/c

o=

0. 1667 0. 2222 0. 2500
-0.1980 - 0.01981 -0.1950 - 0.0312i -0.1923 - 0.0385i

Other matrix operations include: (i) taking matrix to a power, and (ii) the matrix exponential.
These are operations on a square matrix

»f =ar2

f =
4.0000 + 2.0000i -3.0000
0 - 6.0000i 25.0000 + 2.0000i
» g = expnfa)

7.2232 + 1.80191  1.0380 + 0.2151i
-0.4302 + 2.0760i -0.0429 + 0.2962i

1.7 Plotting

For astandard solid line plot, simply type

» plot(X, 2)



1.7 Plotting

30
25+
20

10+

0 2 4 6 8 10 12
X

Axislabels are added by using the following commands
» xl abel (" X'")
» ylabel ('Z")

For more plotting options, type

» hel p pl ot

RO Aot vectors or natrices. PLO(XY) plots vector X versus
vector Y. If Xor Yisanatrix, then the vector is plotted
versus the rows or columms of the nmatrix, whichever |ines
up. PLOI( X1, Y1, X2, Y2) is another way of produci ng nul tiple
lines on the plot. PLO(XL YL, ':"', X, Y2,'+ ) uses a
dotted line for the first curve and the point syniol +
for the second curve. Qher line and point types are:

solid - poi nt . red r
dashed -- plus + green g
dotted : star * bl ue b
dashdot -. circleo vhite w
X-mark X invisible i

arbitrary cl, cl5, etc.

PLOI(Y) plots the colums of Y versus their index. PLO(Y)
Is equivalent to PLOI(real (Y),inmag(Y)) if Yis conpl ex.

In all other uses of PLOI, the inaginary part is ignored.
See M, LAAGG ROAAR RD SH5 AC AG TTLE XABH
YLABH, AMS HID MEH QNTOR SBALA.

If we wish to plot discrete points, using + as a symbol, we can use the following
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» plot(x,z,'+)

30 : : : : —

25+ + |
20+ + |
15+ + .

10+~ + 1

Text can be added directly to afigureusing the gt €Xt command.

gtext (' string') displaysthegraph window, puts up across-hair, and waits for amouse
button or keyboard key to be pressed. The cross-hair can be positioned with the mouse. Pressing
amouse button or any key writes the text string onto the graph at the selected location.
Consider now the following equation

y(t) = 4 0.1t
we can solve thisfor avector of t values by two simple commands

»t =0:1:50;
» Yy = 4*exp(-0. 1*t);

and we can obtain aplot by typing
» plot(t,y)
Notice that we could shorten the sequence of commands by typing

» plot(t,4*exp(-0.1*t))
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0 10 20 30 40 50
t

we can plot the function y(t) =t g0.1t by using

»y =t.*exp(-0. 1*t);

» plot(t,y)

» gtext (' hey, this is the peak!")
» Xl abel ("t")

» y| abel('y')

4

hey, thisisthe peak!

0 10 20 30 40 50
t

axi s(' square') will placethe plot in asquare box, whileaxi s(* nor nal ' ) will change
back to anormal aspect ratio.

You can aso explicitly set the upper and lower bounds on the plot with
axi s([xlow xhigh ylow yhigh])

for this example we would use
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12
»v=[0 50 0 4];

» axi s(v);
Multiple curves can be placed on the same plot in the following fashion.

pl ot (t,4*exp(-0.1*t),t,t.*exp(-0.1*t),"--")

T

4
3 B // \\\\\ T
2 | /1 \\\\ |
O 1
0 10 20 30 40 50
The subplot command can be used to make multiple plots.
»subpl ot (2,1,1), plot(t,4*exp(-0.1*t))
»subpl ot (2, 1,2), plot(t,t.*exp(-0.1*t))
4 T T
2 L
O 1 1 I
0 10 20 30 40
4 1 .
2 L
10 20 30 40

50

0
0

Toreturnto single plots, smply enter subpl ot (1, 1, 1) .



1.8 More Matrix Stuff

1.8 More Matrix Stuff
A matrix can be constructed from 2 or more vectors. If we wish to create a matrix v which

consists of 2 columns, the first column containing the vector x (in column form) and the second
column containing the vector z (in column form) we can use the following

»Vv =[X,Z]

V =
1 5
3 10
5 15
7 20
9 25
11 30
If we wished to look at the first column of v, we could use
»v(:, 1
anS =
1
3
5
4
9
11

If we wished to look at the second column of v, we could use
» Vv(:,2)

ans =
5
10
15
20
25
30

And we can construct the same plot as before, by using (--' gives a dotted line)

» plot(v(:,1),v(:,2),"--")
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30 . ‘ ‘ ‘ .

25| - ]

15 - ]

column 2 of v
\

10+ - ]

0 2 4 6 8 10 12
column 1 of v

1.9 For loops and if-then statements

Af or loopin MATLAB issimilar to aDO Loop in FORTRAN. The main differenceisthat the
FORTRAN DO loop must have an integer index variable; f Or does not have this restriction. An
exampleof af Or loop whichisvirtualy identical to aDO loop is

» for k = 1:5001;
t(k) = (k-1)*0.01,
y(k) =sin(t(k));

end

Another way of implementing the same loop isincrement t from O to 50 in increments of 0.01

»k=0
» for t = 0:0.01: 50;
k =k + 1

y(k) = sin(t);
end

The developers of MATLAB highly recommend that you use the vectorized version of the above
f or loops

t 0: 0. 01: 50;
y =sin(t);

since the computation time for this method is over 200 times faster than the non-vectorized
methods.

1.10 m-files
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Thus far we have shown the interactive features of MATLAB, by entering one command at atime.
Onereason that MATLAB ispowerful isthat it isalanguage, and programs of MATLAB code can
be saved for later use. There are two ways of generating your own MATLAB code: (1) script files
and (2) function routines.

1.10.1 Script files

A script fileis simply a sequence of commands that could have been entered interactively. When
the sequence islong, or must be performed a number of timesit is much easier to generate a script
file.

The following exampleisfor the quadratic map population growth model

X471 = X (L= Xg)

where X, represents the value of the population (dimensionless) at the kth time step. We have

titled the file popmod.m and stored it in our directory. Thefileisrun by simply typing popnod in
the MATLAB command window.

% popnod. m
%popul ati on nodel , script file exanpl e
%
clear x k
n =input("input final tine step');
alpha =input('input alpha');
xinit =input('input initia population');

X(1) =xinit;
tine(1)= 0,
for k =2 n#l;
tine(k) = k-1;
X(K) = al pha*x(k-1)*(1-x(k-1));
end
pl ot (ti ne, x)

% end of script file exanpl e

Notice that we have used the MATLAB | nput function to prompt the user for data. Also note
that a percent sign (% may be used to put comments in a script or function file. Any text after a%

isignored.
1.10.2 Function routines

A more powerful way of solving problemsisto write MATLAB function routines. Function
routines are similar to subroutinesin FORTRAN. Consider the previous example.

function [tine, x] = pnod(al pha, xi ni t, n)
%popul ati on nodel exanpl e, pnod. m
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%29 August 1993 by Prof essor Bequette
clear tine; clear x; clear Kk;

X(1) =xinit;
tine(l)=0;
for k = 2:n+l;
tine(k) = k-1,
X(Kk) = al pha*x(k-1)*(1-x(k-1));
end

% end of function file exanpl e

we can now "run" this function routine (using alpha = 2.8, xinit = 0.1, n = 30) by typing
» [tstep, xpop] #pnod( 2. 8, 0. 1, 30);

» pl ot (tstep, xpop)

0.7

0.6+ ]
0.5/ ]
0.4} ]

Xpop

0.3 .

0.2+ .

0.1
0 5 10 15 20 25 30

tstep

This function routine can also be called by other function routines. This feature leads to
"structured programming"; structured programs are easy to follow and debug.

MATLAB has many built-in function routines that you will use throughout this course.

1.11 Diary

When preparing homework solutionsit is often necessary to save the sequence of commands and
output resultsin afile to be turned in with the homework. The diary command allows this.

diary fil e _name causssacopy of al subsequent terminal input and most of the resulting
output to bewritten onthefilenamedf i | @ _nane. di ary of f suspendsit. di ary on
turnsit back on. di ary, by itsalf, toggles the diary state. Diary files may be edited later with a

text editor to add comments or remove mistaken entries.
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Often the consultants (or TA) wish to see adiary file of your session to assist themin
troubleshooting your MATLAB problems.

1.12 Toolboxes

MATLADB Toolboxes are a collection of function routines written to solve specialized problems.
The Signals and Systems Toolbox is distributed with the Student Edition of MATLAB. The
newest edition of Student MATLAB also contains the Symbolic Algebratoolbox, whichisa
collection of routines that allows one to obtain analytical solutionsto algebraic and differentia
calculus problems, similar to MAPLE. One toolbox used frequently in the chemical process
control course is the Control Systems Toolbox.

1.13 Limitations to Student MATLAB
The Student Edition of MATLAB has afew limitations compared with the Professional version.

Version 3.5 of Student MATLAB islimited to arrays with 1024 elements. The most recent version
of Student MATLAB (4.0) islimited to 8192-element arrays.

1.14 Contacting MATHWORKS
MATHWORKS has a homepage on the World Wide Web. The URL for this homepage is:
http://www.mathworks.com/
Y ou can find answers to frequently asked questions (FAQ) on thishomepage. Also, therearea
number of technical notes which give more information on using MATLAB function routines.
Suggestions are made for modifying these routines for specific problems.
Thereisalso aMATLAB newsgroup (bulletin board) which has up-to-date questions (usualy
supplied by MATLAB users) and answers (supplied by other users aswell as MATHWORKS
personnel). The newgroupis:
comp.soft-sys.matlab

Before posting questions on this newsgroup it isagood ideato read the FAQ from the
MATHWORKS.
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1.15 Summary of Commonly Used Commands

cl ear removes all variables from workspace

cc clears command window

di ary savethetext of aMATLAB session

ed end of loop

exp exponential function

for generates |oop structure

f or nat output display format

function user generated function

ot ext place text on aplot

hel p

hol d holds current plot and allows new plot to be placed on current plot
i f conditional test

| engt h length of avector

| ookf or keyword search on help variables

pl ot plots vectors

si ze size of the array

subpl ot multiple plots in afigure window

wo view variables in workspace

whos view variables in workspace, with more detail (size, etc.)
* matrix multiplication

' transpose

: suppress printing (also - end of row, when used in matrices)
* element by element multplication

./ element by element division

denotes acolumn in amatrix or creates a vector

Practice Exercises

1. Plot the following three curves on (i) asingle plot and (i) multiple plots (using the Subpl ot
command): 2 cos(t), sin(t) and cos(t)+sin(t). Use atime period such that 2 or 3 peaks occur for
each curve. Use solid, dashed, and '+' symbols for the different curves. Use roughly 25-50
points for each curve.

2. a. Calculate the rank, determinant and matrix inverse of the following matrices
(usehelp rank, hel p det andhel p i nv)

1 2 1
A = -1 -2 -1
2 4 2
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1 2 1
B = 1 4 -1
2 4 2
1 2 1
cC = 1 4 -1
2 4 5

[EEN
N
=

| S |

DS

4. a. CaculatexTx, and

b. Calculate xxT, where

1
2
3
4

5. Find the eigenvalues of the matrix

1 0 0 2

5 - 1 -2 0 6
1 3 -1 8

o 0o o0 -2

6. Consider the expression

~KA - ATK - Q - kBRIBTK =0

with
A _ 0 3 5 _ 1
= |2 4] =[]
o = ~11.896  -20.328 « - 7 3
~17.192  -18.856 [ 5 2 ]
solve for R.

7. Find the solutions to the equation f(x) =3x3 +x2 + 5x - 6=0. User oot s andf zer o.
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8. Integrate the following equationsfromt=0tot=5

Xm

o T X1t X2
dX2

& X

with theinitial condition x1(0) = x(0) =1. Useode5 and plot your resuilts.

9. Write your own function file for the following equation
- c 2
k(T) = aexp(b—T - IndT - eT + fT9)

fora=3.33, b=13.148, ¢ =5639.5,d=1.077,e= 5.44x10‘4, f=1.125x10""
T isinunitsof Kelvin

Plot k asafunction of T for temperatures from 373 to 600 K. (we suggest 50 points)

. N Cm3 . .
10. Find V (W) for the following equation of state

_ RT a
P - N - 05/\ N
V- b TYVV+ b)

for P= 1376 bar, b=44.891 S T = 333 K, a= 1.56414x108 SO0 o jgey
or P=13.76 bar, b = 44. gmol’ | = ,a=1 X gmoI2K0-5' =i gas
constant in appropriate units.
Appendix Using MATLAB on the RCS
To use MATLAB on the Rensselaer Computing System

Using aworkstation:

. login using your Rensselaer computing I1D and password.

. select MATLAB from the applications menu

. when the MATLAB command window pops open, you are ready to begin



