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

P — ol
e i e e e
E— C (S 3e
%[BT his is where you change the
= wworking directory to get into
the same directory you saved
your m-file in.

wse Click here to create a new
m-file.
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Programming: displaying text
disp() Displays formatted text to the Matlab prompt. Takes a single
string as an argument.
>> disp('Hello world')
Hello world
If you want to concatenate strings, put them in square parentheses:
>> disp(['Hello world' ' again'])
Hello world again
If you want to make a number into a string, use the num2str() command:
>>x=3
X =
3
>> disp(['Hello world for the ' num2str(x) 'rd time'])

Hello world for the 3rd time
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Programming: user input
As=input("Your prompt here: *,['s"])

This command prompts the user for input. The ‘s’ argument is optional ...
without it, the command expects a numerical response from the user. With
it, the command expects a string response from the user.

username=input('What is your name?','s");

%The 's'is used to indicate a string is expected

userage=input('How old are you? ');

disp([username ' is ' num2str(userage) ' years old."])
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Programming: if statements
An “if” statement has the following syntax in Matlab:

if (logical expression),
DO THIS IF LOGICAL EXPRESSION IS TRUE

else
DO THIS IF LOGICAL EXPRESSION IS FALSE
end >>if[110]
disp('True')
In Matlab, a logical “true” is the z:zS(VFa‘SSV)
scalar “1”. A logical “false” is the end
scalar “0”. If the logical expression Fa'sff G
evaluates to a vector or matrix, all ZEP(MSV)
elements in the vector or matrix else
must be “1” for it to be considered %{?—‘M
true. True
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Programming: if statements
Examples of logical expressions:
x>4 x<4 x==4 (x is equal to 4) x~=4 (x is not equal to 4)

X<=4 x>=4

Note: “=="is the logical “is equal to” operation. This is NOT the same as “=*
which is the “define equal to” operation!!!

stremp(mystring,‘'mechanical’) isreal(x) ~isreal(x)

x>4 & x<8 x>8 | x<4 isinf(1/0)
Notes: “~”is the not operator. You can put it in front of any logical expression to

negate it. “&” is the “and” logical operation “|” (shift backslash on most
computers) is the “or” logical operation. strcmp() compares two strings to see if
they are the same.

rem(x,2)

rem(x,y) is the remainder of x/y so rem(x,2)==0 if x is even, it == 1 if x is odd ...
hence rem(x,2) is “true” when x is odd.
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Programming: m-files

AV +Bx+C=0

x=

I Editor - Q:\rwhite07\CLASSES\ME 37\Labs\Matlab2_Feb13to15\quadratici.m
Fe Edt Tet Cel Toos Debug Desiop Window Heb

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

- BEB*-44C

24

|alns|enla

10 - X (1) = (-B+sqre (B"2-4%A%C) ) / (274} ;
11 - X(2) = (~B-sqre (B°2-47A%C) ) / (274)
12 - end

ol

4

11

| qundratiom x [quockaticim | qusdraticzm ¢

Cick and orag o move the document bar [scrmt

[tn1 cl1 ok

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

Programming: for loops

This will loop through, executing the statements

>> for cnt=1:2:7,

disp(cnt)
end
Matlab syntax for “for loops”: 1
3
for cnt=start:step:stop,
Various things to do 5
end 7

>> for cnt=1:1.5:8,

Programming: m-files

Matlab prompt.
Fr cquadraticl

“~The name of the m-file
is its filename.

-1.0000 + 1.41421 -1,0000 - 1.41421

Save it in the current working directory (as something.m) and run from the

Alternatively, run it by
pushing this “run”
command button. The
results will display in the

workspace.

=lolx|

¥ A x

A ea|k - O

3] Fonis meite s

= the quadratic equ
2- a1

3- B2

4- c=;

s

6| sDifferent cases for A=0 and othervise:
9= i

8- x=-C/B

9~ elze
10 - x(1)=(-B+sqrt (B"2-4*A%C) )/ (27R) ;
11 = x(2)=(-B-sqrt (B"2-47A*C) )/ (2%A)
Stop and do problem #1.
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using the quadratic formula

Programming: for loops

T Editor - Q:\rwhite07\CLASSES\ME 37\Labs\Matlab2_Feb13to15\quadraticzim
Flo Et Tedt Col Took Debu Deskiop Window Hoh
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i pior (real (x), imag (), ')
|- [
20 - x{1)=(-B+sqrt (B*2-4*A%C))/ (2*4);
ool SEeee e e
22| = plotireal (x(1)),imag(x (1)), 'x')
28 = plot(real (x(2)),imag(x(2)), 'x')
- |- -——
|- -

Here, | am
looping for
A going
from-5to 5
by steps of
1, and
plotting the
resulting
roots at
each step.
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Programming: while loops

Matlab syntax for “while loops”:

inbetween “for” and “end” with the variable cnt equal to %p_(c_m)
start the first time through, then increasing by step and en 1
the loop will stop when cnt is larger than stop. If
== he | ill . =
cnt==stop, the loop will execute 25000
4
[ 55000
7
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Programming: for loops
[Jrawer =loix
Fie Edt Wiew Insert Tools Desktop Window Help B
DFzEE RAOE|E|DE| 5O
&
1 ¥
s
Here is the
a result.
05
- ]
-1.5
“15 1 0.5 0 05 1 1.5 2 25 3
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while (logical expression),
Various things to do

end

This will loop over and over again,
executing the statements inbetween
“while” and “end” until the logical
expression becomes false, at which
point the loop will terminate and the
program will move on. Note that the
statements inside the while loop had
better do something to change the
value of the logical expression, or you
will be stuck inside forever.

Example: Find the first prime
number greater than 10000:

>> testnum=10000;
>> while length(factor(testnum))>1
testnum=testnum+1;
end
>> testnum
testnum =
10007
>> factor(10007)
ans =
10007
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Global variables must
be declared both in the
workspace (or m-file)

Programming: functions

and the function using
function the “global” command.
[y1,y2,y3]=myfun(u,u,,u,)
arguments outputs
———|| Local Scope : —
Uy, Ups Ug. Variables defined in the Y12 Yae-e
function are only available
inthefunction. [~ _—~“AC""""77""

Global variables are |
available to both the
function and the
workspace.

The Matlab Workspace

Variables defined in the Matlab workspace are not
available to the function. Variables defined in the
function are not available to the Matlab workspace.
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Programming: functions

rwhite07\CLASSES\ME 37\Labs\Matlab2_Febl3tol5\quadratic.m
Fle Edt Text Cel Tools Debug Deskop Window Help

D H|iatoc|garsr 8| A8 D8 sxlE ] BC

1 %This function solves the guadratic tion using the gquadratic formula.
2 $function E=quadratic(4,B,C)

3

4 function X=quadratic(i,B,C)

5

] %i=1;

i iB=2: N "

5| [ Functions are m-files that
s start with the word

10 #Different cases for 4=0 and ; “function”. They can now
ey 0 take arguments and

12| Sl return results.

13 = else

g = X{1)=(-B+sqrt (B*2-4%A*C))/ (2*4) :

15 - X(2)=(-B-sqrt (B*2-4%A%C))/ (2%4) ;

16 = end

17
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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.

> guadraese(1,2,3)
ans =
-1.0000 4+ 1.41421 -1.0000 - 1.41421
»» yequadraticis,s,7)
g
-0.6000 + 1.01981 =-0.6000 - 1.01981

Stop and do problem #2 and #3.
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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=[3-573];
>> P=[3 -5 7 3]:
»» roots(P)
Now | can do things like find the roots
of the polynomial: _ % ans =

1.0000 + 1.414Zi
1.0000 - 1.4142i
-0.3333
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Polynomials

| can also evaluate the polynomial at a bunch of
points using the polyval function
) Figure 1
r» ®x=linspace(-2,2,1000); |[DEE& sk RAN® |08 =0
> yw=polyval (P, x);
- Iplm:(x,y)

There are a bunch of
polynomial functions.
Type help polyfun

a0
40

)

Fle Edt Vew Iwert Tods Destop widow teh ~

© 2009, R. White

Polynomials: fitting

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

) Figure 1

o i Yon bt 1ol Doiop Wedon b 3
>> XData=[-1 -0.7 0 0.3 1]; DEWa & |Q_y® @ 08 =0
>> Ybata=[2 1 0.1 0.3 3]:
>> ploti¥Data, Thata, o' | 4
»> hold on 5
> P=polyfit (¥Data, TData,2) 7
5 /
P = o\ It
\ //
2.4703 0.4603 0.0422 | N ¢
3 /
I /
> ¥=linspace(-1.5,1.5,1000); \ //
»> y=polyvali(P,x): 1 o, v
>> plotix, ¥, 't—-') SN 49
T 55 0 [ i i5

Stop and do problem #4.
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Solving linear algebraic equations

Solving a linear system of equations in the form

Ax=b

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

- + 4b -6¢ = pi

Sa+b=2 _— -
Fre 2.3
cos(pi/t)a—e""c =0 0.1445
0.5405
0.0126

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

Stop and do problem #5.
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»> A=[-1 4 -6:8 1 O:pos(pi/6) O -exp(2.3)1:

Solving nonlinear algebraic equations

2. 23—, .
XE+2y2-3=0 Set this up as a Matlab
function:
4x3+5x2+6x+1-y=0
B Editor - Q:\rwhite07\CLASSES\ME 37\Labs\Matlab_Feb13to15\myfun.m =1o] x|
Fe Edt Text Cel Took Debug Deskiop Window Help alax

DesH|ia@oc|6asr o @0l RE| s -] BOBE&O
1 function F=myfun(X)
p

10- x=x(1);

1= yexe2):

12

13- Fiymatnezanyia-n

18- F(2)memeo3Hdne eetiatoy;

| quodratiom x| cuacatictm x| quacreticom [yt x|
[mytun he s
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Solving nonlinear algebraic equations

a=1,b=2,r=3,c=4,d=5,e=6,f=1

2
20 /
15 There are two
solutions:
1o Matlab finds
i ! the one
5 saltion.1
closest to the
guessed
0 g ? po- S
values.
5 oiction
. i i i i
95 1 05 o 05 1 15

Stop and do problem #6.
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Solving nonlinear algebraic equations
A nonlinear system of equations can always be written in the form
]{1(951;952;---) = 0
f2(5,%,,..)=0

For example:
2 2 _
x*+2y° =3 — . X?42y2-3=0
y=4x" +5x° +6x+1 45 +5X246x+1-y=0
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Solving nonlinear algebraic equations

Solve it using the fsolve function:

Ee f Dby Desitop Wndow tep

D@L BB 5 o5 | 2] ety [ormmirinsstone TommmmmtFooroets =1 o] €

Strtods £] Howlo A3 £] WhtsNew

Wi 3
N T LT B ] >> taolve( mrun, (1 17)
optimizacion teruinated: firsc-order oprivalivy ts less chan options.Toirun
o £ Tvan Tom g . . »
108154 1 1788]  doutle .
c.oses  a.as
J | 2
> faolvel!mrtunt, (-1 -11)
| ovimisacion cerminaved: tirst-orser opvimalicy is less chan options. ToiTun
o -
oams -vanes
Tsotve (s

ol
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Solving ordinary differential equations
A system of ordinary differential equations can always be written in the form
& = f1(x, %)
&y = 500, %)

For example:

mi+ b + ke x +keyx® = Asin( o)
Becomes:

X =x,

%= %(7 b, — ke, — ey, + Asin(o)
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Solving ordinary differential equations

X =X Below is a Matlab
1 - function defining
o= —(7 bx, —kyx, —kyx” + Asm(a)t)) this set of ODEs:
m
B Editor - 0:\rwhite07\CLASSES\ME 37\Labs\MatlabZ_Feb13to1 \duff.m 1 —[ol x|
Fle Edt Text Cell Took Debug Desktop Window Help A x
DeH|iago~3/ns|0R A8 R8s« BDORO
1| function xaot-durs(c,x)
=
s
Al
HE
Al
7~ omega=10;
8
5 ety
10 = xdot(2)=(1/m) *(-b*x(2)-k1*x(1)-k3%(x(1))"3+A*sin(omega*c));
11
12 - rorexaoe: ;
1
| auecratom x| quocketictm x| qusckatozm x| mytunn  x [atm x| I
[t ERRCERE

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).

#> [t,zoln]=oded4s (' duff', [0 5],[0 O]+«
> plot(t,solni:, 1)) e

He £t Vew et Took Destop ion Heb

DEEs k| RANS® ¥ 08 =0

| plotted the first column of

the solution matrix, 0

soln(:,1) which “ /\
corresponds to the

solution for x,. The 0 |

solution for x, is, naturally,

soin(;,2) 2= \ J I

Stop and do problems #7, 8 .

and/or 9. 05 1 15 2 25 3 35
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