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How can Matlab help me to solve differential equations?

Matlab command window
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A little mathematic about solving diff. equations

Diff equations

.
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Analytical solutions

Only for linear diff
equations

Integrations

Laplace Transform

-
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Many methods

—~
Numerical solutions

For linear
and
Nonlinear
Diff equations

Taylor series

Euler
Runge-Kutta 23

Runge-Kutta 45




The Matlab command window functions:

/\
- N

lode23() [oded5()] ode113(...) ode15s(...) ode23s(...)

ode23t(...) ode23th(...)

Syntax

[T,Y] = solver(odefun,tspan,y0)

where solver is one of ode45, ode23, odell3, odel5s, ode23s, ode23t, or
ode23tb.
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A
P\'\C:?
1:? odefun A function that evaluates the right-hand side of the differential
N, equations.
- tspan A vector specifying the interval of integration, [tO,tf].

y0 A vector of initial conditions.




Examples of first order diff. equations

. dy i i . = =12
Y= - analytical solution: y=/2t dt =t2+C
where: y(0) = 0°+C

technik

- y=2t < SO y=t2+ y(0); t=[To,Tf]

1ONsS

- Matlab solution: ode23(‘exdiff1’,[To,Tf],y(0))
«~) MATLAB M=

File Edit Wiew Web Window Help
v (]

0= = T | ? | Current Directory: | C:MATLABSRSH tvork

E Cornrmand Yaindows
— q Stade > [t,y]=odeds|'exdiffl',[0,10],2):
3>

f | e\ size Bytes %) C:\MATLABSpSp1worklexdiff1.m [= |[B][X]

: t 4lx1 328
l 4 % 1 % ‘ File Edit Wiew Text Debug Breakpoints ‘web
4lx1 328
1\\\\;; ! /’ Window Help
é{f; {__ /kaspace Command History D L=~ ok % ﬁ f,
- function dy=exdifflit,¥)

dy=Z%1L;

exdiff1 Ln 2 Zol 8
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<) MATLAB
File Edit Wiew ‘Web ‘Window Help

O = W ? | Current Directory: | CMATLABERSP! work v []
Cornrmand Windone:

= E Stack: F [tr¥]=0deds('exdiff]l’ , [0,10],2);

== tan=0:1:10;
Namne Jize Bytes Class > yans=tan. " Z+2:
HH+ 41x1 328 |double array || |*> plotit,¥,tan,yan,'n’']
@t&n 1x11 58| double array =z |

) Figure No. 1
File Edit Wiew Insert Tools ‘Window Help

array

1x11 88| double array
DEEE MA AL, 22D
Workspace Command History 120 . . . T T T T T T
I3
100
a0
comparison of the .

two solutions
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File Edit ‘iew ‘wWeb ‘Window Help

< Wnr’cspace Command History

O =& 3 W 2 | Current Directary: | CMATLABERSE otk
L33

= Stadk;

fa.m? N\ Size Evtezs Class

BHt o 41x1 328|double array

H 1 4lx1 325 | double array

[Jistan) /

v|[]

x [t,¥]=0deds('exdiffz'  [0,10],4);
>

Cormmand wWindow

%) C:\MATLAB6pSp1worktexdiff2.m [ |[B][X]

-_—

File Edit Wiew Text Debug Breakpoints ‘Web
Window  Help
O & e S # f,
1 function dy=exdiffz(t,¥)
2= dy=-0.1%y;
endiff2 Ln1 Col 20




File Edit Wiew ‘web Window Help
O = B ﬁ %2 | Currert Directary: | s TLABGRSE1 weark v E]

= &
Name
-«
FH tan
v
:Eﬁﬂyan

< Workspace

Stack:
Size Bvtezs Class
41=1 3258| double
1=11 55| double
41=1 3258| double
1=11 55| double

Command History

Corrand Windones

(2]
=
==
==
array FF
==
array
array
array

[t,¥]=0ded5|'exdiffZ'  [0,10],4):
tan=0:1:10;
van=4%*exp(-0.1%tan) ;

plot(t,¥,tan,yan, 'o']

File Edit Yew Insert Tools ‘“Window Help

Ded&E MNA A/ 22T

4\ Start

comparison of the
two solutions




dy

Y= gt

[38ly'=3y+e2

y(0)=3
t=[0,10]

analytical solution: y = 4e3- e2! t=[0,10]

Matlab solution: ode23(‘exdiff3’,[0,10],3)

File Edit View Webh Window Help
0= i) W | 7 | Current Directory: | C:MATLABGRSR work v E]
n Command Wwindows
ﬁ, H Stack: = [t,¥]=0deds('exdif£3'  [0,10],3);
-~ =
LHame N\ Size Evtes Clasz
\
Bt 109x1 872 | double array ~ : '
=} C:AMATLAB6p5p1worklexdiff3.m [=
HH v 1 108x1 572 | double array P=p D@@
File Edit Wiew Text Debug Ereakpoinks Wweb
Window  Help
\ < 'xf}u{l{space Command History .
D & oo @
a
1 function dy=exdiff3(t,¥v)
2 - dy=3*y+e:-cp|:2*t]|:

exdiff3 Ln 2 ol 16




Fil=  Edit

= =
Name
<
FH tan
FH ¥

< Workspace

Wiew Web  Window Help

W | 2 | Current Directory: | C:MATLABERSH! ok

2 [x]
Stack:
Size Evytez Class
105xl 72| double arra
1x11 g3 | double arra
1091 372 | double arra

Command History

Comrand Window

Fr
Fr
Fr
Fr
Fr

D& kA A/ 220

[t,¥]=0dedl | 'exdiff3! ,[0,10],3);
tan=0:1:10;

van=4¥exp (3% tan) -exp(2¥tan) ;
plotit,v,tan,yan,'a')

J Figure No. 1
File Edit Wiew Insert Tools ‘Window Help
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two solutions
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Exercises

y’=5y +e?  y’=2t y’sy +yt

“Bad” news: we can use this solvers only for first order diff
equations

YTy *yt y'Fy +yt
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“Good” news: all the diff. equations ca be write like the
first order diff. equations

Example: y’’+ay”’+by’+cy=f(t)
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yl=y y'1=y’=y2

y2=y’ y’2=y”=y3

y3=y” y’3=y’”’= {(t)- ay”’-by’-cy = f(t)- ay3-by2-cyl
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= Drill problem

g Obtain the dynamical behavior of the chair
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m=10 b=2.5 c=25 F=20
10y”’'+2.5y’+25y=20
yl=y ~yt'=y2

~y2=y’ y2’=-25y1-0.25y2+2

[
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m=10 b=2.5 c=25 F=20
10y”’'+2.5y’+25y=20
yl=y ~yt'=y2

~y2=y’ y2’=-25y1-0.25y2+2
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File Edit Web  Window Help

M = % | 2 | Current Diectary: | C:taTLABERSP1 Wwork +I1J

Cormrmand Win

*> [t,¥]=o0dedi|'drildiffl’ ,[D,lD],‘[D:D]] |
= plotit,¥wii, 1)) ——
Hame Jize Bytes Class s

L01x1 _‘_ _ &Qﬂ‘.dnubl.e. array i.

Wior kspace

1616 | double array

Wiew  Text Web Window  Help

= K S 4 f. &8

function dy=drildiffl(t,¥) L
%hy=zerusi2,l];

- A=[0,1:-2.5,-0.25];

- E=[0:2]:

- dy=A%y+E

Debug  Breakpoinks

File Edit ‘iew Insert Tools ‘Window Help

DedES kA A/, L0 -

drildiff1 Ln 2 Col 2
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_ Drill problem
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g Let complicate a little bit our problem and impose a vertical movement
O for the chair
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u=sin(t)

R o S
] B i il
i

my”’+ by’ +cy =F - bu’- cu
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+) MATLAB
File Edit Yiew wWeb ‘Window Help

M ¥ 2 | CurrentDirectory: | C:WATLABERSpTWwork (]

Cormrmand Windowe:

»r [t,¥]=oded5|'drildiffs’ [0,10],.[0;0])¢
= plotit,yi:, 1))

Name Jize Bytes Class el
Hr 105x%1 ‘ 540 double array
B 105xz2 1680| double array File Edit ‘iew Text Debug EBreakpoints ‘wWeb ‘Window Help
L'}
KT b
> Current Directary I Workspace | Command Histary D L= % ﬂ ‘F* El El
1 function dy=drildiff2(t,y]|
2= A=[0,1;-2.5,-0.25];
3= B=[0;2-0.25%%caz(t)-2.5%3in(t) ]:
(] | 4= | dy=4*y+E:
J Figure No. 1
File Edit Wiew Insert Tools ‘Window Help File Edit View Insert Tools ‘Window Help
DeEd& " A A/, BP0 DS R AA2As B0




Drill problem

Obtain the dynamical behavior of the chair
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dry friction
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the dry friction

7-0.7
- 0.3y’-1
p={ O
- 0.3y’+1
. 0.7

y’= 1;NaN

=B

File Edit Wiew Text Debug Breakpaoints ‘Web  Window
Help
O =& & < S #Ff. €[
1 function [coef]=frictiyz) -ﬁ
2| - i1f wa<=-1
3= coef=-0.7;
4= elaeif ¥wZ<0
al— coef=-0.3%y2-1;
G| — elzeif wZ==0
7= coef=0;
gl - elageif wZ<=1
9| - coef=-0.3%yZ+1;
10| - else
11— coef=0.7;
12| - end
L
drildiff2.m frict.im
frict Ln10 ol 5




the simulation

File Edit Yew ‘Web “Window Help

ﬁ %2 | Current Directory: | COMATLABBRS T Wvork

v (]

3 [t,y]=0deds( 'drildiff2',[0,10],[0:0]);

B"" E Stack:
I:I >» plotit,wi:, 1))

Name dize Bwtez Class =t
o=l &40
lego

double array

105=2 double array

File Edit Yiew Text Debug Breakpoints Wweb window Help

>'| Current Directory I Workspace | Command History D E’; ) % M f-.- a ﬁ l@

function dy=drildiff3it,v)
- A=[0,1;-2.5,0];
B=[0:2-9.81l%frict(y(2,1))]:
- dy=A4%y+E;

M = L3 b —
|

&

drildiff3.m frict.rm fric.rm
drildiff3 Ln 2 Col16
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the model

nonlinear diff. equation
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