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What is MATLAB good for?

-Matrix calculations (MatLab= “Matrix”
Lab)

-Manipulating and plotting data...
especially large data sets.

-Scientific computing.

-Dynamic system modeling and control
system design.

-Much, much more...



Start Matlab... under “Engineering
and Science Applications” in the
START menu.
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Matlab Help: lookfor and help

lookfor searches for related functions:

>» lookfor 'root locus'
ELOCFIND Find root locus gains for a given set of roots.

RLOCTS  Ewans root locus.

ELTOOL ©Openzs the 3150 Design Tool and sets 1t up for root locus desig
2RID Generate s-plane grid lines for a root locus or pole—-=zero map.
ZZRID  Generate 2-plane grid lines for a root locus or pole-zZero map.

help gives specific information:

>» help rlocfind
ELOCFIND Find root locus gains for a given set of roots.

[E,POLE3] = RLOCFILND(3Y3) iz uszed for interactive gain
selection from the root locus plot of the 3I30 system 3Y3
generated by BELOCUZ. RLOCFIND puts up a crosshair cursor

in the graphics window which is used to select a pole location
oOn ah existing root locus., The root locus gain associated
with thisz point iz returned in K and all the svstem poles for

thiz gain are returned in POLES.



Defining and manipulating data:
EVERYTHING IS A MATRIX

>> A=[3 2%=2:-3 1lez]
...EL =
1l.0e4+002 *

0.017%3 + 0.03501 O0.0346 + O0.07001
—0. 0300 1.0000

| have defined a 2 by 2 matrix called “A”. Semicolon separates
rows. Spaces separate columns. | used the previously defined
variable “s” (s=1.73+3.5%)



Defining and manipulating data:

>x Slze 4]

AS

& 2

Ais a 2 by 2 matrix.

> A1, 1)

ans =

1.7310 + 3.50001

A, = 1.731 + 3.5i

x> A

ans =

1.0e+002 *

0.0173 - 0.03501 -0.0300
0.0346 - 0.07001 1.0000

The conjugate transpose of A is
computed by the command A’

It transposes the matrix and changes
every complex value to the complex
conjugate.



Defining and manipulating data:

3% W(1:2,1] >> v=[1 2 3 4 5]
— W=
aIs =
1 v 3 g 5
1.7310 + 3.50001
—3.0000
This syntax allows me to Vectors are really just 1xn or nx1 matrices
select part of the matrix as far as Matlab is concerned.

(rows 1 to 2, column 1).

= w=linspace(1,5,7)

1.0000 1.6667 2.3333 3 .0000 3.6667 4.3333 5.0000

The command linspace is particularly useful for generating a linearly
spaced vector of values from a starting value to an end value with a given
number of elements. Here we start at 1, go to 5, and have 7 points.



Defining and manipulating data:

To refer to an entire column or row
of a matrix, you can just use the ——
colon operator with no numbers

Strings are defined using single quotes:

>> mystring='hi cla=s'
mystring =

hi class

There are a bunch of string manipulating
functions. Type help strfun

> A=[2 2%3:-3 1lei]

L =

1.0e+002 *

0.0300
-0.0300

> Ai:, 1)

ans =

J.0000
-3 .0000

> A1, 1)

ans =

J.0000

+ 0.04001

+ 4.00001

+ 4.00001

0.0e00 + 0.035001
1.0000

&.0000 + §.00001



Built In constants:

The variable
ans is the result
of the last
computation
and can be
used just like
any other
variable, but will
be overwritten.

The
command
clear clears
all defined
variables.

+x d+5

ALS

> o Aansva

AILS

16

= pi

ans =

J3.141¢6

> expill)

ans =

&.7133

> 1

ans =

0+ 1.00001

> ]

ans =

0+ 1.00001



Built in functions:

>x Ccos(pil)

dalls =

-1

+> loglD(100]

alns =

> loglZ.718)

ans =

0.9999

x> mwean([1l 5 V1)

ans =

.3333

Everything you would expect. All trig functions work in radians.
Log base 10 is called log10. Log base e is called log.



Particularly useful for complex #s:

>3 5=344%7 abs(s) = magnitude of s

o = angle(s) = phase of s

3.0000 + 4.00001

>> abhs(s) rr sgrtireal (s) "Z+imag(3s) "2)
ans = —— ans =

o o
=» angle (=) > atanlimag(s) freal(3))
ans = —— ans =

0.97273 0.9273



The DOT operator:

1 25 6] [1-5+2-7 1.6+2-8] [19 22
[12:34]%[56:7 8] = — _

3 4|7 8| |3.-5+4-7 3.6+4-8| |43 50

1.5 2-6] [5 12
[12;34].*[56;78]:{ }z{

3.7 4.8] |21 32}

>> [1 2:3 4)*[5 &6:7 8)

ans =
. . . . . 19 EE
A*A is matrix multiplication. 43 50

A.*A is element-by-element multiplication. > [1 2:3 4].%[(5 6:7 8]

Same idea for division (/ vs. ./), and
power (" vs .M.

Srm =




PIOt“ng in Ma.tlab See “help plot” for more options.

Can also edit curves and figure
»» t=linspace (0, 1,1000) : format using the mouse like a

>3 H=Zin(d*2*piTt) ; you would expect.
> plot (L, =)
|

File Edit Yiew Insert Tools Desktop Window Help

DedE kh RN € 0E 50

1

| created a 1000 element
vector called “t” which goes
from O to 1. The semicolon at
the end of the line stops
Matlab from printing out the
long vector. | computed x ol
based ont. Then I plotted x sl
vs. t. A figure window pops sl

up. osl

08

06 F

0.4 r
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Plotting in Matlab:

To open a new figure windows, type:
>> figure

To make figure 2 current, type:

>> figure(2)

Matlab will plot on the current figure. If there is already a plot there, it
will be overwritten, unless you first tell Matlab to hold the plot:

>> hold on
To turn off the hold,
>> hold off



2D Plotting in Matlab:

>» [E,¥] = wmeshgrid(linspace(-z2,2,100), linspace(-2,2,100])]):
Fr & = K J¥ exp(-E."2 - ¥Y."2):

S tias I

File Edit ‘“iew Insert Tools Deskbop  Window  Help

DedES K RRANE® € 0B 8O0

| created two 100x100
matrices, X and Y, using the
meshgrid function (see help
file). | computed the matrix Z
based on the X and Y
matrices. | plotted a surface
plot of Zvs. Xand Y.

See help files on meshgrid
and surf for more
information.




Numerical Calculus:

The gradient function can be used for numerical derivatives:

>> t=linspace (0, 1,1000) ;

_ File Edit View Insert Tools Desktop ‘Window Help
x=logltl: PEEE k RQAND (€| 0H =0
v=gradient (x,1/1000) ;

Warning: Log of zero.

>» figure

> subplot(Z,1,1)
>> plotit,x]

>» subplot(2,1,2)
>> plotit, v

=> hold on 1000 . . . . . . . . .

> plotit,l1./c,'r—="] a00 L i

MarFing: Diwide by =2ero. B0 - .
400 -

See help files on gradient, 200 L .

subplot and plot. 0 01 02z 03 04 05 05 07 08 09




Numerical Calculus:

The trapz and cumtrapz functions can be used for numerical integration:

> t=linspace(0,1,1000) ;

> W=SCguare (2Fpivdre) 2isTel E@]

Fil: Edit View Insert Tools Deskbop ‘Window  Help

>x plot(t,x) DEeEdE Fh &aadmes E 0B O

>r wECumbrapz (b, X 014

>» figure
>> plot (t,¥7)
>> trapzlt,v)

012

a1
0.08 -
0.05

ans =
0.04

O.0621 002t

See help files on trapz, and
cumtrapz. P01 02 03 04 05 08 07 08 09 i




Programming: m-files
M-files are just text files containing a list of matlab commands to execute
In sequence.

I =18
Fla Edt ODebug Desilop Window Help

T — alifs
Cpen =] "

g =
[T his is where you change the '

S ot s Ky :

setPath. = e=yworking directory to get into =
s > the same directory you saved

g your m-file in.

LG 07 Febiexampl pm
21,07 _Febflxampl 7-2.m

QL eS_Febimnn.m L
4 Qi Feblexample1So%.m : .
£t MATLD e “nabemse (Click here to create a new

1l | LI m-ﬁ IE.
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b o 4 N B _‘i
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Programming: m-files

Here is an m-file that computes the roots of a quadratic equation.

 —B++/B*—44C
24

;11:‘? +Bx+C=0

X

B Editor - Q:\rwhite07'CLASSES\ME 37\Labs\Matlab2_Feb13to15\guadraticl.im =10 x|
File Edt Text Cel Tools Debug Desktop Window Help |2 x
D H|'a@v~|S|Af R BRAY DA | O

1 FThls mfile solwves the guadratic egquation using the guadratic formala

2= A=1:

3= B=Z;

= C=3:

i

6 ¥Different cases for A=0 and otherwise:

W= if A==(0,

8- #==C/B

W= else

10 = X(1l)=(-B+sgrt (B~2-4*A*C) )/ (2*k):

e = ¥(2)=({=B==2qrt (B"2=4%L*C) ) f (2FL)

12 = end

13

A | 2]

| quadratic.m K||qm:#ath‘]m * | quadratic2.m NI ]
Click and drag to move the documert bar .. | script lth 1 Col 1 [ovR

Note syntax for if statement. Note that any line starting with % is a comment.



Programming: m-files

Save it in the current working directory and run from the matlab prompt.

> guadraticl

-1.0000 + 1.41421 -1.0000 - 1.414:21



Programming: for loops

B Editor - Q' rwhite0 7' CLASSES | ME 37" LabsMatlab2_Feb13to15" quadraticZ.m =100 %]
Fil=  Edit Text Cell Tools Debug Ceskiop ‘Window Help o | 4
NwH| {2l o | Sas @0 BRE RA| s -] BOESO
1 %Thi=zs wmfile solwvezs the guadratic equation using the guadratic formila for a Here1 I am
2 Yseries of different choices for L. Iooplng for
3 )
4 3hzzign B and C constant: A gOIﬂg
5 = B=2:
N from-5to 5
7 by steps of
o] 3Create a new figure and turn hold on: 1 d
9 = figure ) an
O plotting the
12 3Loop ower different walues of i: reSUItlng
W | == for A=-5:1:5,
roots at
14
15 zCompute the solution, two cases, one for A=0, and otherwise: eaCh Step
16 = i h==1;
i | ¥=—C/B:
18 - plot ireal (x] , imag (=], '=x"]
i) | = el=se
20 - X (1)=(-B4+sgrt (B 2-4*L¥C)1)/ [(2%L];
2l = :{(2]=(—B—sqrt(B"2—4*A*C]];"i2*A]:|
il b= plotireal (x(1) ) ,imagi=(1)),"'=x"]
s plotireal (xi(2)1) ;imag(x(2)),"'=x"]
i encd
ZE (= end %Done loop
el




Programming: for loops

Here is the
result.



Programming: functions

Functions are m-files that
start with the word
“function”. They can now
take arguments and
return results.



Programming: functions

Two notes:

1. The filename must be the same as the function
name. So, if your function is named “quadratic”,
your filename must be “quadratic.m”

2. The function only has local scope... it does not
have access to variables in the workspace, and
will not overwrite variables in the workspace. It
only has access to the arguments you pass it, and
it only modifies the variable that it returns to.



Polynomials

Matlab defines polynomials using a vector of
coefficients in descending order. So, the
polynomial:

3x3-5x2+7x+3
Is defined in Matlab by:

>> P=[3-57 3];

Now | can do things like find the roots
of the polynomial: >




Polynomials

| can also evaluate the polynomial at a bunch of
points using the polyval function

There are a bunch of
polynomial functions.
Type help polyfun



Polynomials: fitting

| can also fit data with an nt" order polynomial (here |
use a 2nd order... a parabola):



Solving linear algebraic equations

Solving a linear system of equations in the form

|s easy. For example, to solve the following for a, b, and c:

So, a=0.1449, b=0.8405, c=0.0126



Solving nonlinear algebraic equations

A nonlinear system of equations can always be written in the form

For example:

. X2+2y2-3=0

4x3+5x2+6Xx+1-y=0



Solving nonlinear algebraic equations

2 2_2—
X=+2y--3=0 Set this up as a Matlab
function:
4x3+5x2+6Xx+1-y=0



Solving nonlinear algebraic equations

Solve it using the fsolve function:



Solving nonlinear algebraic equations

There are two
solutions:
Matlab finds
the one
closest to the
guessed
values.



Solving ordinary differential equations

A system of ordinary differential equations can always be written in the form

For example:

Becomes:



Solving ordinary differential equations

Below is a Matlab
function defining
this set of ODEs:



Solving ordinary differential equations

To solve, | call the ode45 Runga-Kutta solver with the name of the
function (‘duff’), the time limits (t=0 to 5), and the initial conditions

(x1(0)=0, x2(0)=0).

| plotted the first column of
the solution matrix,
soln(:,1) which
corresponds to the
solution for x;. The
solution for x, is, naturally,
soln(:,2)



