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EXAMPLE 27.10

van der Pol equation

d?y,
dt?

initial condition

u(1-y2) 2Ly, =0

X

d
t=0,y, =1 =1
dt
dy, _
=Y,
convert process N dt
dy
2 2
= u(1=y7 )y, + ¥
dt
[ Editor - C:WUsera’t'r'seanlthesktDpi'fvanderpruI.m E@ﬂl
File Edit Text Go Cell Tools Debug Desktop » | WA X
NS | $§RR90 &4kl -] *0.
EeEl -l1g [+ | =97 x| @
1 function wp = vanderpol(t,y,mu) »
2 - vp = [w(2); mus(1-w (1) 2)+w(2) v (1]]; @
3 - enl:l|
4 = predpreym % | dydtm | example Lm ><[1.r;ar1der;:|u:||I.rr1 x|
vanderpacl Ln 3 Col 4 OWR
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stiff St M=t mu ZHO]| ot
2tAl BiSH= van der Pol
equation.

In 1920 the Dutch
physicist Balthasar van der
Pol studied a differential
equation that describes
the circuit of a vacuum
tube.

It has been used to model
other phenomenon such
as the human heartbeat
by Johannes van der Mark.
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EXAMPLE 27.10: MAIN & RESULT

[ Editor - C¥UsersivseantDesktopirexam ple.m‘ Elﬁﬂ

File Edit Text Go (Cell Tools Debug Deskiop Window Help WA x
=1 IFAL Y EJEYRE X A0k >0 -
BB -0 [+ | 11 [x |«££eH | @
= cle: clear all: close all: )
e % oded5 solution when mu equals 1
3 - [t_45a,v_45a]l = oded5{@vanderpol, [0 201, [1.10,100,13;
4 odeds solution when mu equals TOUOU
5 - [t_45b,v_45h] = oded5{@vanderpol, [0 201, (1,11, []1,1000);
B WX ode?3s solution when mu equals 1000 :
o= [t_23s,v_23s] = ode23si{@vanderpol, [0 60001, [1,1],[],1000); @
8 A% plot solution
9 - subplot(3,1,1)
- plott_45a,y_45a)
1 - title{ oded5 solution when mu equals 1°)
17 - subplotia, 1,2} . . . odel45 SO|LIJli0n wlhen mlu equails1 . .
13 - plot(t_45b,y_45b(:, 1)) . — — ;
14 — title( odeds solution when mu equals 1000°) or H\\____..-—-/ \\____..—/ \\\H____,-/'
I5|= subplot(3,1,3) 5 . . . . . . . . .
15 — plot(t_29s,y_23(:. 1)) 0 2 4 6 8 0 12 14 16 18 20
17 - title{ odez3s solution when mu egquals 1000°) 2 e e 00
4| Heunm | example Im = | predprevm *| dvdtm * ex OFf 1
HH t 23 1827x1 double [ o
\——t45a 2131 double %0 2 4 6 8 10 12 14 16 18 20
EH t_f_5b B 705xT doubla . . ode23s ?olution whlen mu equ:aIs 1000 .
y_23s 18272 double _ |
FH y 453 2132 double ot I T
HH y_45b 67705x2 double - - B
° 0 1000 2000 3000 4000 5000 6000
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CASE STUDY 1

) Electric circuits where the current is time-variable rather than constant are
common. A transient current is established in the right-hand loop of the circuit shown in
Fig. 28.11 when the switch is suddenly closed.

Equations that describe the transient behavior of the circuit in Fig. 28.11 are based on
KirchhofT’s law, which states that the algebraic sum of the voltage drops around a closed
loop is zero (recall Sec. 8.3). Thus,

di g

L — + Ri + Ery=0 (28.9)
dt : C '

where L(di/dt) = voltage drop across the inductor, L = inductance (H), R = resistance
(€2). ¢ = charge on the capacitor (C), C = capacitance (F), E(f) = time-variable voltage
source (V), and

dg

[ = (28.10)

di

RLC circuit equation
2
L(;Tg+R(;—?+%—E(t):O q=yY,
d’q 1
a2 L
initial condition
t=0,9=0,i=0

. dq
convert process ( J i _ _
(E(t)—R—dq—ﬂj ah Y
dt C

E = E,sin(ot)
L=1H

E, =1V
C=025C

w’ =3.5¢s°
R=0
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CASE STUDY 1

[ca&e_I.m ><] circuitm >

script

[ =T Editor - C:#Usersi¥seanwDesktop¥circuit.m Elﬂlﬂ‘
File Edit Text Go Cell Tools Debug Desktop Window Help k. | A X
NMEHE R0 |0D-Aei|B-B0BRREBA|[ -|i O~
BB -0 |+ | 11 [x [«KF| O
1 function wp = circuit(t,y,.L,ED, anega,R,C) o
2 - yp = [y(2); 1/L+ED+sinlomega+t ) -R+y(2)-v(1)1/Cl;
&= end .
I q |
case Lm ><|[ circuit.m X]
circuit tn 3 col 4 |oOwR
b
F b
~T Editor - C:¥%Users¥seanwDesktop¥case_Lm E@g
Eile Edit Text Go Cell Tools Debug Desktop Window Help N | 2 X
‘HBEHG%E-O0|g2?v|ﬁﬁ¢ﬁ1|tlvéﬁ@@@@f'B . . .
BE| - 10 |+ +11 x| B8O
1 — cle: clear all: close all; | | r‘ |I |I " " |l gharget
2 XX oded5 solution 61 | [ | |I| | W urent |
3 - [t,y|] = pdedb(@circuit, [0 100], (0,00, [1,1.1,sart(3.53,.0,0.25); | | ||| | | |1
4 XX plot solution 4t |1_ | 1] | i | ‘ | |
BE— plotit,y) \ | ll I 1[h | |I| || | | '| '| F|‘ || '
| | I | j i | [
2 F Ir | | | | ||| f | | |
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CASE STUDY 11

Therefore, in polar coordinates (e = d*A/d1?),

Wi Wi de

-Wsin# = o= s
g g dr
or
d*6 g :
— + —sinfd =0 (28.15)
di= l

This apparently simple equation is a second-order nonlinear differential equation. In gen-
eral, such equations are difficult or impossible to solve analytically. You have two choices
regarding further progress. First, the differential equation might be reduced to a form that
can be solved analytically (recall Sec. PT7.1.1), or second, a numerical approximation
technique can be used to solve the differential equation directly, We will examine both of
these alternatives in this examnle

pendulum equation
d’6 g .

—+=sind=0

dtz | ¢

d 29 g convert process do

ae = 1" Y

initial condition d*e g
do dt?

27 _0

dt

t=0,6=0,
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sind ~ 6
g =9.81 m/s’
6, =n14
| =0.6096 m



CASE II: RESULT

= "
T Editor - C:WUserswseanWDesktup#pendulurn.m_

Eile

Edit Text Go Cell

Tools  Debug

-l1o |+ | +11 | x| O

Desktop  Window  Help
Nl | $RBo0C a9 - Aea i k-8B 8
8 &3

1
o
9 —

function vp = pendulum(t,v,q, 1]
yp = [wi2): —a/l+w(10];

ol @ dO/dt

pendulurm

case Lm* = | circuitm > | assignmentG.m = Endulum.m #| case Im =

Ln 3

-
0

0.8

-0.8 —

i - -— T — ! L e
@’ EET| - EWCAELSWCAE A=W 3rd week m-ﬁlew‘case_]]_rw_q_ : :

AJgE

Cx BRI - o
cr O | 9w es > H
Haa > gfos~ oo
o ME ST Y HE Ee | SEE o == 3 |
- v vy = v BT v - - Gk
e a8 - S &
=23 | getascendingRank.m | assignmentl_2_21.m | sec_RK.m case_Lm
1 - cley clear alls close all:
b %% oded5 solution
3= [t.v] = odedS(@rendulun, [0 101, [pi 4,01, 11,9.81.0.6095);
4 X% plot solution
5 - plot(t,w)

do
dt

\/

i
déildt

\f

-1h | | |
| | | |
| | | |
| | | |

-2 H | | |
1) [
(S| 1
|| [

[ |
-3y v
4 i I

1] 1 2
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S

« Boundary Value Problems for ODE

v' Shooting method for linear ODE
v" Shooting method for nonlinear ODE

v Finite difference method
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~EXAMPLE A

* Heat balance for a long, thin rod

— Not insulated along its length
— Steady state

L -1y=0

dx

T(0)=1 =40°C »
boundary conditions

I'(L)=T, =200°C

T, =20°C (temperature of the surrounding air)

L=10m

h'=0.01m~ (heat transfer coefficient)

rate of heat dissipation to the surrounding air

analytic solution: 7 = 73.4523¢""™ —53.4523¢™"" + 20

10
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~EXAMPLE A

Shooting Method  ~ -

100

I -
0
(ex)
(dT
E - 200 ®
% =W (T-T) [linear] E = 1"(T—T,)" [nonlinear] -
Lax s
AthRK, h=2, T =200 (b)
)—10—>T )_168.37’9? 200
guess / linear:
(0)=20—T7(10)=285.8980 100
linear 0 l L | L |
9 interpolation (0) 12.6907 a 2 4 o 6 g8 10

/(2(0)) re

k%g(z(ﬂ))Zf(z(U))—zog 200

non-linear: 7(10)

100

11
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SHOOTING METHOD: LINEAR

(= o - . . o o S |
Ed|t-::|r-C.WUsersi'rseanwDesktDpﬁheatfun__ O|'EH 0_” :H:7| E|_| Al ﬁ%! ODE
Eile Edit Text Go Cell Tools Debug Deskiop Window Help N I —OEI}_JI\_% heatfun O|§9§
NEHE| R0 (a9 - Aapi|(R-ER0RBRE B >0 - N
B -j10 |+ | 11 | x |H# |0, \dT
i1 function dy = heatfun(xz,v) H : &_Z %12))2:2
2- | Ly = [v(2): -0.00(20-v(1))]5| | 4z ’
| ' —=—0.01(20—T)
| L dx
4ss_modelm  ® | HarmonicFindm  ®| assignmentém  *| exm [ heatfunm *| exim | dydsnm P : dy(]_)
L A A
heatfun In 2 Col 30 |OWR l dx y(2)
h |
i dy(2
T Editor - C:WUsers’l'fseaHWDesktupWexl_ E@Iﬂ i % = —0.01(20— y(1))
X
File Edit Text Go (Cell Tools Debug Desktop Window Help A '
NEHE| B0 |(0T- Aesp|B-ER0BRE >0 v yzalollo%'ﬂﬂ.%zaﬂﬂo
o
B -0 [+ | F11 | x ot | O, | 2 M &XS Too 2 Tp Off A
: - m N3
= cle; clear all; : o
2 |
3 - [21,v1] = oded5(@heat fun, [0 10],[40 1013; |
4— 1ot = witlenathiy1(:, 1)) Ofzf =4]Z 0| &53}0] z, E
l= [x2,ve] = odedBl@heatfun, [0 10],[40 20]1); ME =27t
B - |Th2 = v2(lenathiv2(:,1))); |
7 ' Z.,— 17
| 2 1
8- |za = 10+(20-10)/(Th2-Th1)+(200-Th1 ) | 2y =2yt . (Tb Tbl)
: | b2 ~ Vbt
0 - [#3,v3] = odedB(@heat fun, [0 101, [40 zal): :
- plat{x3,v3(:,1)) |
2= Tb = y3(length(y3(:,1)}) :
iron_loss_model.m  # | HarmonicFind.m  # | assignmentém  * | exm  *| heatfunm #|[exlm = :
|
script Ln 12 Col 8 OVR '
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— RESULTARMEEEIEN S S

Tb =

200, 00an

4\ Command Window =R X

File Edit Debug Desktop Window Help &

za = b
12,6905

m

X

.

Temperature
200 : :

180+
160+
140+ 1
120+ . y

100+

80+
60+

40

0 2 4 5 8 10
X [m]
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SHOOTING METHOD:

NONLINEAR

(dT ofeioff #7|& &M= &
~ =7 Zo| ODE &t£2 913
dX | | [ = |
< dz ' ' )
a-:-WU;—TyJVOj—Tﬂ | h'=0.05m
L aX
- h"=27x10" K”m”
[ = Editor - C:WUsersﬁ'f.ean;Desktupwdyd_ E@g ' _
— — _ T, =200 K
File Edit Text Go (Cell Tools Debug Desktop Window Help N | A X :
NEW|sBMB90|00- Mesn|b-BRRAAN -] "0 | 1(0)=300K
BeRl -1g [+ | +1g [x |*% @ _ l T(10)2400K
1 function dy = dvdxnix,y) N : .
2 — | Ldy = [v(2); -0.05+(200-v{1))-2.7e-3+(1.BeS-v({1)~4)]; - |

4 ><| assignmenta.m ><| I ><| heatfun.m ><| exlm = |[ dydxn.m ><] res.m ><| UntitledS ><|

@e% 57| 93

|dydxn

[tn 2 Col 53 |OWR

b

- —
= Editor - C:WUsersﬁhaeanlr}DesktnpilHes._ E@g

File Edit Text Go Cell Tools Debug Deskiop Window Help u | 7 X
NEH|$RRYC (L2 MAewf|B-aRBRE[-| ~0O.-
BoE | - 10+ | 11 x |ofef | @

1 function r=res(za) =
2 — [%,v] = odedS{@dvdxn, [0 10], [300 zal);

3- |Lr = yllengthix), 1)-400;]

4 x| assignmenté.m ><| exm *| heatfun.m % | exl.m ><| dydxn.m x| resm X] Untitleds ><|

| res

[ln 3 col 24 |OWR

14
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SHOOTING METHOD: NONLINEAR

@ fzero(@funname, IV)

funname?| 2 & &= OE

- —
" Editor - C:WUserswseanWDesktupWexE—__ EI&IQ

Y Bt
File Edit Text Go Cell Tools Debug Desktop Window Help N | A X AV} E initial value % i_c'c'él-
NEHE| R0 (o2 - Aef|B-B0BRE »0
BB -0 |+ |1 |x | &2 O [Fof] B M0 DR &
1 - cle: clear all; | 71450 = daF =X|
2[= fzeroi@res, -50)

X
=

bz, = -41.7434

| script [tn 2 Col 16 |[OWR

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
41 ><| assignments.m ><| ex.m ><| heatfun.m ><| exl.m ><| dydxn.m ><| res.m ><|@l.m K] @
|
| o
: . =, 0| 2f2 O|873}0] ode
i st&~2 E M nonlinear BC
- -, E O35l §
4\ Command Window ] B = = = ol
|
File Edit Debug Desktop Window Help § :
s |
= |
ang = :
| !
-41,7434 :
. |
f-‘i s - :
OVR l
b |
:
|
|
|
|
!
15
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- —
= Editor - E:WUsersmeanHFDesktupWexE___ @M
File Edit Text Go Cell Tools Debug Desktop Window Help e | A X
NMEH| $RB20 (o9 - Aenfi|R-80BRE 0 -
BB -0 [+ F11 | x |«Ek| O,
= cle: clear all: =
2 - [%,v] = oded5(@dvd=n, [0 10],[300 fzero(@res,-501]); @
3 - plut(x,y(2,1ﬂ|
4iente.m ><| exm ¥ | heatfun.m *| exl.m ><| dyd<nm = | resm = | ex2 1m = |[ex2 2m X]
| script [ln 3 col 15 |OWR
b

Temperature [K]

400 . . . ;

350

300

250

200 I 1 I I
0

x [m]

10
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FINITE DIFFERENCE METHOD

f (X)= f(XHl)h_f(X) O(h)

f'(Xi):—f(xi+2)+4f2§]xi+l)—3f(xi) O(hz)
Forward FDM

f"(Xi)= f(Xi+2)_2fh(2Xi+1)+f(Xi) O(h)

£7(x) = —f (X,q)+4f (er)]z_Sf (X1 )+2f(x) O(hz)

f (X): f(xi)_hf (X 1) O(h)

f'(xi)=3f(xi)_4f(2);1)+f(xi2) O(hz)
Backward FDM

£7(x)= f(xi)—2f(:;1)+f(xi2) O(h)

£7(x) = 2f(x)-5f (xi_l);24f (%ip)— f(X5) O(hz)

f ( )= f(XM)Z_hf(X 1) O(hz)

F(x)= —f(x,,)+8f (xi+11)2—h8f (X )+ F(X_,) O(h“)
Centered FDM

£7(x) = f(xi+1)—2fh(2xi)+f(xi_1) o(h?)

F7(x) = —f(x,,)+16f (Xi+l)_3fth(z)(i)+16f (% )— (%) O(h“)

Convriaht © 2016 Combputational Desian | ab. All riahts reserved
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FINITE DIFFERENCE METHOD

d’T T2l +T,,

=—h'(T, =T
dx? (T.=T)— AX?

— T, +(2+h' AT, =T, =h'AX’T,

—h'(T

[= Editor—C:WUsers\'r'seanwDesktopWFDM_exl.n_ E@g
File Edit Text Go Cell Teols Debug Desktop Window Help x
NEH|s$RR2 0|09 - Meapr|kP-E8BRE 0 -
BB -0 [+ |11 |x |k @

I= cle: clear all =

z

3|= step_size = 2; h = 0.06; T_inf = 200;

4 - length = 10; T_a = 300: T_b = 400:

5

B|= nunber = length/step_size:

7

8- K = zeros{{number+1J, (number+1));

9 - f = ones({number-1),1)+h+sstep_size"2+T_int;

n

1= 01,10 = 101,10 + T_as !

12 - f{{number-1),13 = f({nunber-11,1) + T_b; '

13

14 - i=1:3

165~ &= [-1, 2+hestep_size™2,-1]; |

16 '

17 - for j = 1:(number+1}

8 - Kii.i+i-1) = a;

18|= end

20

21 - K = Ki{1:{number-1), 2 numbar) ;

2z

23|= T_zol = Ki#Hf;

24 — T_total = [T_a:T_saol:T_b]

25 — plot{[0:step_size:length], T_total)

4 x| heatfunm *|exim *| dydsnm *|resm *|ex21m *| ex22m x|FDM_exlm x| P
script Ln 9 Col 44 /

b
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X
=
rto
|.|-|
1=
iH

File Edit Debug Desktop Window Help k]

T_total =

i
=
L
)
I=

r.‘h Command Window ‘ E@Iﬂ @
giii

300, 0000
283, 2650
283.1853
253, 7416
336. 2462 L
400, 0000

x4 L
-

m

|
|
|
|
|
|
|
|
|
|
—— |
File Edit View Insert Tools Debug Desktop Window Help X |
FEEERI PRI === :
|
400 l
|
|
380+ . :
|
360+ 1 I
|
|
340} 1 :
|
320+ . | :
| |
300 ] I
|
280 | | 1 |
I 0 2 4 6 8 10 :
|
E | |
— |

19
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S

 Boundary Value Problems for PDE

v Finite Difference Method: Elliptic equation

20
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CAE

LAPLACE EQUATION

— PDE - algebraic difference equation ,,.,+ o Vil Sl
L 2
5‘2T i+1,j _2]—;J +Z;—l.j *
o'T . o'T _ - x Ax?
a2 A2 1 a2 ¢
ox oy oT wx Z;.j+1 _2];._)' +Z;.j—1 i j+1
-E_‘VZ A‘,Z P s
g I v J
I;+1,j _21;.‘)' +Z;—1.j 5 I;',j+1 = 21;} +Ix".j-1 09 *
Ax? Ay? *
== E Z;—l.j + I;—Lj +Z;.j+l & Z;.j—l _4Z;.j =0 ®
apply boundary conditions (fixed/Dirihlet) . U
—~ . , — ; T m+1,0 x
@(L1): T + Z—_ +1;, +§E —4L, =0>4L, -1, - 1;, =75 100°C
75°C 0°C
@(2.1): T, +T,.+T,,+ 1., —4T,, =0 —>-T1,. +4T, - T, - T,, =0
@A2,1) gy il 2 2 = AT 1.3 23 (33
0°C ° o °
(@\I(S‘l) I:I.l +Z;1 +I;3 +Z—§ﬁ _4];1 :0_>_-T11 +4-T;1 _Z;w :50
T 2 : : 12 22 @2
50°C 0°C 75°C . ® ° 50°C
9 equations el el el
CAE [Kij]{Ti} = { fi} oc S

[K,;1: coefficient matrix, {T,} :solution vector, { f;} : force vector

21
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MATLAB CODE

1 - cles: clear alls: 32 - fliter) = f{iter) + T_right:
s T_left = 75; T_right = 50; T_bottom = 0; T_upper = 100; 33 — end

= nx = 3; nv = 3; 7. if length{b) ==

4 — T_numbering = []: ¥’ - fliter) = f{iter) + T_left;
5 - iter = 0; a6 - end

6 — i=Jl:nx]": 37 - if length(c) ==

7= I = onesinz,1): | - fliter) = f{iter) + T_upper;:
g - for k = 1:ny a9 - end

9 - Tnunbering = [T_numbering;i,i+k]; 40 — if length(d) ==

n - end 41 — fliter) = f(iter) + T_hottam:
1 - f = zeros{nu=ny,1); 42 — end

12 - for J = 1:iny 43 - end

13 - for 1 = 1:mx 44 — end

14 — T_numberingt:,3) = zeros{nz+ny,1): 45 — Temp_templ = Tii;

15 — a = find(T_numbering(:.1) == i+1 & T_numbering(:,2) == j); a5 — iter = 0;

16 — b = find{T_numbering{:,1) == i-1 & T_numbering{:,2) == j}: 47 — for i = ny:-1:1

17 - ¢ = find{T_numbering{:,1) == i & T_numberinal:,2) == j+1}; 48 — for i = 1:inx

15 - d = find{T_numbering{:,1) == i & T_numberinaf:,2) == i-1}; 49 — iter = iter + 1:

19 - e = find{T_numbering{:,1) == i & T_numberinal:,2) == j}; B0 — Tenp_temp2(i,i) = Temp_templ(iter,1);
a0 — T.numbarinala, 3 = -1; 5l - end

21 — T.numbarinalb,3) = -1; B2 — end

22— T_numberipalc,3) = -1; h3 - Tenp = zeros(ny+2, nx+2):

23 - T_nunheringtd,3) = -1; Bl — Temp(:,11 = T_left;

24— T_numberinale,3) = 4; FEE — Temp( -, nx+2) = T_right:

25— iter = iter + 1; BE — Tenpi1,:) = T_upper;

26 — TCiter.:) = T_numbering(:,3)"; B — Temp{ny+2,:] = T_bottom;

27 - a=lall: B3 — Temp(2:ny+1,2:nx+1) = Temp_tenp2;

28 - h = [b1]: g - w=[0:1:nw+1]: w=[ny+1:-1:0];

29 - c=lcil]: B0 — surfiu, v, Tenp)

an - d=1[d1]: Bl — wlabel (=" ); vlabel{ v J;zlabel{ Tenp'); colorbar
N - it lengthla) ==

22
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INITIALIZATION

!
clc; clear all; y
{

BHAZEH M
AE M2t node 7=

[ O
e

T_left = 75; T_right = 50; T_bottom = 0; T_upper = 100; @

nx =3; ny = 3; @

T _numbering = [];

iter = 0;
100°C
! = [1:nX]"; numbering g3 23 g @3 g
] = ones(nx,1); o o
v _— (1,2)4 2,2 : (3,2)6 i
1 2 = ° °
for k = 1:ny @ 1 1 1
T_numbering = [T_numbering;i,j*K]; : : : N @ G
end a 1 2
3 2 2
i) 3 2 0'C
f = zeros(nx*ny,1); 7 1 g
a8
Kl 3 3

23
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COEFFICIENT MATRIX

fori=1:nx

T _numbering(:,3) = zeros(nx*ny,1);

a = find(T_numbering(:,1) == i+1 & T_numbering(:,2) == j);
b = find(T_numbering(:,1) ==i-1 & T_numbering(:,2) ==j);
¢ = find(T_numbering(;,1) ==1 & T_numbering(:,2) == j+1);
d = find(T_numbering(;,1) == 1 & T_numbering(:,2) == J-1);
e = find(T_numbering(:,1) == 1 & T_numbering(:,2) ==);

T _numbering(a,3) = -1;

T _numbering(b,3) = -1;

T _numbering(c,3) = -1;

T _numbering(d,3) = -1;

for j= 1:ny @nx =3, ny =3 Y M| oj
A Qo HE
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

T _numbering(e,3) = 4, @
Iter — Iter + 1; HH 1 <ox9 doubles
1 2 3 4 5 6 7 8 9
- . N 1 a _i -C' _1. -|3- [‘,‘: C: 0 0
T(iter,:) = T_numbering(:,3)’; @ 2 L 2 : : ; 8 0 : :
4 1 o 0 A -1 0| -1 0 0
5 0 1 0 -1 4 -1 0 1 0
5 0 o -1 0l -1 4 0 0 1
= 0 0 0 1 0 0l 4 1 0
g 0 o o 0 -1 0| -1 4 1
g 0 0 0 o 0 -1 0 1 4

N
i
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COEFFICIENT MATRIX

a =|find
b =|find
c =[find
d =|find
e =|find

(T _numbering(;,1) ==i+1 & T_numbering(:,2) ==));
(T _numbering(;,1) ==i-1 & T_numbering(:,2) ==));

T _numbering(:,1) ==1 & T_numbering(:;,2) == j+1);

L

ILi(b) ¢ii(e) oi+l)(a) 0.1 (b)

®ij+1(c)

e ij-1(d

(T _numbering(:,1) ==1& T_numbering(:,2) == j-1);
(T _numbering(:;,1) ==1& T_numbering(;,2) ==j);

i=1,j=1
el.2 (C)

Ll 21(@)

ol.0 (d)
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i=1,j=1% 0
T_numbering Bl E{ 9| 2[X]|

X~
o

HE NME

mmwmmpwmlp

RIS REE] (el 12T ) I

L | L [ L [P | D

Q
[

T U
gl e B SN s Y Y

D Q O T
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COEFFICIENT MATRIX

T _numbering(a,3) = -1; 1 - : 2 @
. 2 2 1 -1
T_numbering(b,3) = -1; 3 3 1 o} i
T_numbering(c,3) = -1; - : : 4 |
T_numbering(d,3) = -1; 5 3 2 ﬂl y
T _numbering(e,3) = 4, ; : i §| @
g 3 3 o] i
|
. | i
T(iter,:) = T_numbering(:,3)’; @ i
1 2 3 4 9 |
1] 4 -1 0 0 0 0 0 0
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CAE

fIX| QEE O| &St A=
2= T_numbering L{Of| &

=
=]

QA E 3ETY HES
coefficient matrix 2| & H
M EE ME
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FORCE VECTOR

CAE

a=[al] a=[21] | EnA i
b=[b 1J; SR | e 5001 S et
c =[c 1]; c =[4,1] | EXfote Mz
d=1[d 1] d=1 |
L aZl BAY R Iy RE
. = A
if length(a) == | OFEIR| =22 Y
f(iter) = f(iter) + T_right; A RIKE Z2F
end i
if length(b) == i
f(iter) = f(iter) + T_left; |
end .1’2 (C)i
if length(c) == i
en1C:j(|ter) = f(iter) + T_upper; O,i (b) JL1(e) 2.1 (@)
if length(d) == i
f(iter) = f(iter) + T_bottom; 1,0 (d)
end |
end i
ond BAZ| Y2E 22 |
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POST-PROCESSING

Temp_templ = T\f; @

iter = O;
fori=ny:-1:1
forj = 1:nx
iter = iter + 1,
Temp_temp2(i,j) = Temp_templ(iter,1);
end

_| Temp |

¥

end HH sx5 double
Temp = zeros(ny+2,nx+2);  y|: 7z e e se o
Temp(:,1) =T _left; : 7 4255?; 33:2583 33:9283 %
Temp(:,nx+2) = T_right; 0 >
Temp(1,:) = T_upper; X
Temp(ny+2,:) = T_bottom; @
Temp(2:ny+1,2:nx+1) = Temp_temp2; "
x=[0:1:nx+1]; y=[ny+1:-1:0]; £
surf(x,y, Temp) 2
xlabel('x"); ylabel('y");zlabel('Temp'); colorbar 0
Zu 13
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o’ g0l
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|
|
i
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CAE
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ASSIGNMENT

Ug +Uy, = T (X, y) =12xy

Dirichet B.C

u(0,y)=u(y,0)=0, u@.5,y)= 3y3
Neumann B.C

uy, (x,1) =6x

1) h=0.5

ule = u2e =

0.07ss 0.1310
2) h=0.1
ulz = uZe =
0,934

0.1229

Ref. : Advanced Engineering Mathematics, 9t edition, Chap. 21, pp918-919




APPENDIX
« MATLAB GUI implementation
v GUI

v Example

30
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Al

i L e

b b
.

4\ MATLAB R2016a - academic use

= HE7 HE
M Bi JE 24 i
EN = R (G e =271 & g e L Pa) B
e - ., Opu=a7~ G ua Np = -
M |MEEEY)| ¥7 (ya BO|EL o BHOt 27 simulink 20|t
A3gE - - 7% YRR ITIRI v [FETERI o~ -
i S1= SIMULINK
i - E AFBE Cirl+N
oL At = » CAE_AtZ » 5th week m-file
il e IEI gHojE A3 EE (Ol B =7 7| - EWCAEY SWCAE_AHE#5th week m-filewassignment.m
O — . =35 | assignmentm | dydxn.m | heat_nlin_testm | laplace_ex_
w| = —T
= mu) v - |as - = find{T_nunbering{:,1} == | & T_numbering(:,2)
Ll @ o 29 - T_nunberingla,3) = 1;
| Llg — &0|= T_numberinalb,3) = 1;
- LY = 8t 3N - T_numberingic,3) = 1:
F'g‘jﬁ* o o 3 - T_numberina(d,3) = 1;
| B Stem obied 3 - T_nunberinale,3) = -4;
) 4 =1 34— iter = iter + 1;
) ¢ 35— Tliter ) =T pupberingl: 31" ;
) 4 App 3 GUIDE
=] AJEUE E SrEs 25 J A0 35H )= X AS Ed) Figure 7|8 @S 2CEgHCE
& B2 747 ,
ﬂ | App Designer
) ==/ MEE FERe2% FSE 2R R[5 Ed uifiqure 718 AppS 2EFUCH
:ﬂ f Simulink Model 1 mE B
[
i . B Stateflow Chart MATLABS HZ ArSTHLHE AR S EESHHAI2
ﬂ arr =
¢
ﬂ El Simulink Project
S 0.0763
[=hn
% untitled.m
ol
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home — New — APP -

GUIDE 2 &
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GUI SETTING WINDOW

X

B GUIDE Quick Start E=RRcy X
Create Mew GLUI I[}pen Existing GUI
g GUIDE termnplates Preview
4\ GUI with Axes and Menu I
4\ Modal Question Dialog
BLANK
[C] Save new figure as: |C-#UserswseanwDesktop#untitled2 fig Browse...
0K ] ’ Cancel l ’ Help

Convriaht © 2016 Combputational Desian | ab. All riahts reserved

@AHE% GUI 2 otE = &Y

O
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@ GUI ofo| =
™1 untitled3 fig o B
File Edit View Layout Tocls Help I GUI O|'O| HHX' |'E
AT I TRy eI A

A
=

E

I GUI Al3H ofo|=
=) =]
..

iy

L ]

4 I

Tag: figurel Current Point: [205, 420] Position: [520, 380, 560, 420]
g

33
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Slf GUI && MY

r4] untitledz fig o] o S
File | Edit Wiew Layout Tools Help . % £~ TTLOI *
T | @H’gora fig Tt 3t ~m
New... crl-n (Boch | B % T 0| S A|0] AYA] =l
| = o o o d
Cpen... Ctrl+0 - |
|
Close Ctrl+wW |
Ctrl+S l
Save A . :
I
Export ... |
|
Preferences... :
|
Frint... Ctrl+F |
|
1 Cv. seanWDesktopwex fig e :
‘ |
|
_ |
ol |
|
|
I
|
3 |
‘ |
|
| |
|
EX3mpIEiT] |
i I
|
4 b I
Tag: figurel Current Point: [29, 418] Position: [520, 380, 560, 420] :
E |
|
|
I
|
|
|
|
|
34
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B example A LA m
= = AlISHS A o)
GUI & ddstH 4ot of
O|Z20| 7| =0 &l &0
| pop up &
|
|
|
m-file L{-2 GUI £ 0|8
-t |_ e
; ot= 2 At AAXf GUI
| o L
| &2 pop up Al7|= HEO
| =
. 2 O[F0H
7 |
] |
= CUsersiseanwDeskiopWexample.m E@g |
L)
|
File Edit Text Go (Cell Tools Debug Desktop Window Help ™ |
- |
NESH s§RRB20 |- Mdea i kl-EERRE BB stak s fx |
I
BLE| -0 |+ | F|11 | x |6 O |
1 function varargout = exanple(varargin) TD :
2 ¥ EXAMPLE M—-file for example.fig b :
3 * EXAMPLE. by itself. creates a new EXAMPLE or raises the existing = I
4 # singletons, b :
5 i B |
G % H = EXAMPLE returns the handle to a new EXAMPLE or the handle to :
7 % the existing singletons, |
i % l
| % EXAMPLEL "CALLBACK ,hObject,eventData,handles, ...} calls the local :
10 4 function named CALLBACK in EXAMPLE.M with the giwen input arguments. I
11 ¥ :
12 % EXAMPLEL 'Property', 'Malue',...) creates a new EXAMPLE or raises the |
13 % existing singletons. Starting from the left, property value pairs are :
14 3 applied to the GUI before example_OpeningFon gets called.  An |
15 3 unrecognized property name or invalid value makes property application :
16 3 stop. Al inputs are passed to example_OpeninaFocn wia vararain, i :
example Ln 74 Col 1 |OWR :

35
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APPENDIX
« MATLAB GUI implementation

v GUI

v’ Example (Prob.27-270]| 1)

36
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PUSH BUTTON

)80 %) o [E] &

H
L]

rEﬁ' example fig EENEER )
File Edit \iew Layout Tools Help
Nl §2R90¢ | sBhd B9 b

Push Button

4

Tag: pushbuttonl

Current Point: [£05, 419] Position: [364, 43, 162, 63]
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@Push Button OF0| = 2l

y

OrAE EZ|8H Al Push
Button OFO| & A/

1 % 00| 2 Cig 23

37



PUSH BUTTON: INSPECTOR

Convriaht © 2016 Combputational Desian | ab. All riahts reserved

r 3
B3 Inspector. uicontrol (pushbuttonl "Close”) E@ﬂ . o
e e - @Strlng = Close 2 HZA4
BackgroundColor @ — o

BeingDeleted off
susyaction quee : FontSize 20 2 HZ
ButtonDownFcn ) &
CData ﬂ [0x0 double array] & :
Callback “automatic & |
Clipping on < :
Createfcn ] & I
DeleteFcn ] & :
Enable on o |
Extent [00148 2923] :
Fontangle normal - |
FontMame MS Sans Serif & :
FontSize 200 @ |
FontUnits points v :
FontWeight normal ~|E |
3 |
ForegroundCelor @ . I
HandleVisibility on - :
HitTest on i |
HorizentalAlignment center < :
Interruptible on - |
KeyPressFcn ] & :
ListboxTop 10 & |
Max 10 & :
Min a0 & |
Position [72.6 3.231 32.4 4 B4§] :
SelectionHighlight on i :
SliderStep [0.01 0.1] |
!String @ Close & :
pushbutton = |
Tag pushbuttonl & l
TooltipString & I
UIContextMenu <Mone= i :
Units . characters =~ | . !
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PUSH BUTTON: M-FILE

Convriaht © 2016 Combputational Desian | ab. All riahts reserved

= CWUsersiseanWDesktopiexample.m L':' (=] éjj M-file O'"
SEA
File Edit Text Go (Cell Tools Debug Desktop Window Help u | I;;’ISPHa:JtEtlonl—Ca”baCk %I'—I‘
NEH|*RB2¢ |- Aesn|p-a0BRRR ||| |~ °°F
B - 10 |+ | 11 | x| | O |
AJ Juraalrdyirnmmrece, 11aldigsfa -D : AL Dl .
60 it | O] &= Z 0 m-file HHO
B1 # UIWAIT makes example wait for user response (see UIRESUME) : % %2—1_5"—7'— X jél'_é_l'ﬁ
| B2 % uiwait(handles.figurel): : pUSthttOn = =22 [
g - Mg
G4 :
b5 # ——— Dutputs from this function are returned to the command |ine. I
GG function warargout = example_OutputFen(hObject, eventdata, handles) :
67 % warargout cell array for returning output args (see YARARGOUT): :
BA % hObject  handle to figure :
B9 # eventdata reserved - to be defined in a future version of MATLAB :
70 % handles structure with handles and user data (see GUIDATA) :
T |
T2 # Get default command |ine output from handles structure :
73 - varargout{1} = handles.output: :
74 :
Th o :
76 # ——— Executes on button press in pushbuttont, I
T function pushbuttonl_Callback(hObhiect, eventdata. handles) :
78 % hibject handle to pushbutton! [see GCBO) @ = :
™ # eventdata reserved - to be defined in a future version of MATLAB :
al % handles structure with handles and user data (see GUIDATA) 1 :
a1 o :
example / example_QutputFen |Ln 73 Col 31 | OWR :
|
|
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PUSH BUTTON: M-FILE

. — — -
= C:W-LJsersw-seanWDesktupﬂexample.ﬂ E@g
File Edit Text Go (Cell Tools Debug Deskiop Window Help o
NEHE sRaBoe oD - Aepi R-E0-BREIEBR| | A

BLg| - 10 |+ | |11 | x| | O

i b} quriaaLdyimmoIeEsT, 11aldigsy -D

B0 i

B % OUIWAIT makes exanple wait for user response (see UIRESUME)

B2 ¥ uiwait(handles. figurel);:

[

b4

b5 # ——= Outputs from this function are returned to the command line.

GG function varargout = exanple_CutputFocn(hObject, eventdata, handles)

67 % varargout cell array for returning output args (see YARARGOUT);

G0 # hobject handle to figure

B39 # eventdata reserved - to be defined in a future version of MATLAB

70 # handles structure with handles and user data (see GUIDATA)

T

72 # Get default command line output from handles structure

73 - varargout{1} = handles.output:

74

75 —

76 # ——— Executes on button press in pushbuttont.

17 function pushbuttonl_CallbackihOhiect. eventdata. handles)

7a % hibject handle to pushbuttonl ([see GCBO) =

79 # eventdata reserved - to be defined in a future version of MATLAB

a0 % handles strapture with handles and user data (see GUIDATA)

81 - closelachf) @ L
example / pushbuttonl_Callba..|Ln 81 Col 12 |CWR

=3
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close(gcbf) & &

YHO= Sl GUL =
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CAE

PUSH BUTTON: GUI

GUI &£ AlsHA|7 Close
pushbutton & 22|51H %
o| Etel

B example [ESEEER

| cese |%
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STATIC TEXT BOX

static text O}0|&2 2 &l

™ example fig I ] - @
File Edit View Layout Tools Help @

DEd £d22R90 2Bk 3% P

F Static Text 1 @

static text box A M

oz 29

]

=

=@ =] e]E) ]
=

]
on|

Close

Tag: textl Current Point: [102, 420] Position: [67, 333, 200, 531]
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STATIC TEXT BOX: INSPECTOR

r b
[24 Inspector: uicontrol (textl “Input ODE function”) - &lﬂ‘ﬂ Stnng % Input ODE
B8 wr = function 22 HZ
BackgroundColor @ 1 i
BeingDeleted off .
Busyiction gueue - @FOHtSlze 15E Ejo:l
ButtonDownFcn kel & I
CData EE' [0x0 double array] & |
Callback e 2 |
Clipping on v |
CreateFcn = & :
DelsteFcn ) & I
Enable on - :
Extent [0 0 33.8 2.308] |
FontAngle nermal < :
FontName MS Sans Serif & I
71 |
FontUnits points - |
FontWeight normal = :
ForegroundColor @ | :
HandleVisibility on = |
HitTest on - :
HorizontalAlignment center - |
Interruptible on i :
KeyPressFen =i & I
ListboxTop 10 & :
Mlax 10 & |
| min 0.0 @ :
Position [13.2 27.538 40 1.923] |
SelecticnHighlight on - :
sliderstep [0.01 0.1] |
| string §| Input ODE functicn 2] :
| Style text - ; :
Tag textl &0 I
TooltipString F :
UIContextMenu =Nonex v |
Units | characters o . !

43
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EDIT TEXT BOX

edit text Of0|& =&/

edit text box A4

oz 23

File Edit \iew Layout Tools Help

Nod £2m90 sBihe SR b

Input ODE function

L] u | | I
] Edit Text " @

1010

HEOEEQEE

H
|

Close

Tag: editl Current Point: [341, 420] Position: [32, 295, 268, 51]

rEf‘ example fig =RRCIN X @
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
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EDIT TEXT BOX: INSPECTOR

r 5
B Inspector uicontrol (odeinput™) E‘M H
O -~ @Strmg |70 2 HY
BackgroundColor @ — o
BeingDeleted off
BusyAction queue i FontSize 15E H 70:1
ButtonDownFcn kel &
CData Ea [0x0 double array] & ' I
Callback k)| sLautomatic &
Clipping on - @Tag £ ode_input 22 H
CreateFcn k)| sLautomatic & 7
DeleteFcn kel & : ©
Enable on < |
Extent [0 0 0.8 0.308] :
FontAngle normal - |
FontMame MS Sans Serif & :
| Fontsize 15.0 & I
FontUnits points - :
FontWeight normal | |
FeregroundColor @ . ) :
HandleVisibility on - |
HitTest on v :
Horizental Alignment center < :
Interruptible on i |
KeyPressFcn ] @ :
ListboxTop 10 & |
Max 10 @ :
| Min 0.0 @ |
Position [6.2 22,615 53.6 3.923] :
SelecticnHighlight on |
Sliderstep [0.01 0.1] :
(N = |
I Style edit :
| Tag ode_input I
TooltipString :
UIContextMenu <MNones |
Units | characters = | :
J '
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STATIC TEXT BOX

ril examplel fig

-8

File  Edit

h

(o=
=

®

TRT

View Layout

Tools Help

Input ODE function

Static Texxt

y

&)=]E]

H
|

Dol sRaRo0 sEB5hg B P

‘ Close ‘

4

Tag: figurel

Current Point: [537, 298]

Position: [520, 380, 560, 420]

|
y

b =
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static text box A M

oz 29
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STATIC TEXT BOX:

INSPECTOR

-
@ Inspector: uicontrol (initial_value_input "Initial value™)

R

BackgroundColor @ —I o
BeingDeleted off
BusyAction gueue b
ButtonDownFcn ] &
Chata Hﬂ [0x0 double array] &
Callback kel &
Clipping on =
CreateFen kel &
DeleteFcn ] &
Enable on =

Extent [0 020 2.308]
Fontangle nermal =
FontMame M5 Sans Serif &

| FontSize 15.0 &
FontUnits points b
FontWeight normal | 2

ForegroundColor @ | [
HandleVisibility on <
HitTest on -
Herizontal Alignment center <
Interruptible on <
KeyPressFcn ] &
ListboxTop 10 &
Max 10 &
Min 0.0 &

Paosition [2.8 18.692 23.2 2.923]
SelectionHighlight on =

SliderStep [0.01 0.1]

| string i Initial value &
Style text <
Tag initial_value_input & ]
TooltipString &
UIContextMenu =Mones v
Units characters =

ol
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\E
!

String & Initial value 2 tH#

FontSize 152 H
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EDIT TEXT BOX

edit text Of0|& =&/

ri] examplel fig - e . - e . “« 8 — T @
File Edit View Layout Tools Help @edit text box A4
|
|
|
|
I
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
I
|

NMEd $2Bm9 0 aB5HE B89 b o2 =2l

= = 1

Input ODE function

Initial value

L ] ]
o Edit Text =
m | ]

‘ Close ‘

Tag: edit2 Current Point: [301, 420] Position: [19, 219, 117, 40]

L = i
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EDIT TEXT BOX:

INSPECTOR

-
@ Inspector: uicontrol (initial_value_input ")

L]

TS

BackgroundColor @ —1 o
BeingDeleted off
BusyAction queus e
ButtonDownFcn kel &
CData HE' [0x0 double array] &
Callback kel sLautomatic &
Clipping on <
CreateFen kel sLautomatic &
DeleteFcn ] @
Enable on i

Extent [0 0 0.8 0.308]
FontAngle normal =
FontMame M5 Sans Serif &
FDntSize 15 &
FontUnits points e
FontWeight nermal =

ForegreundColor @ |
Handlevisibility on <
HitTest on v
HorizentalAlignment center <
Interruptible on <

|| KeyPressFen ke &

ListboxTop 10 &
Max 1.0 &
Min 0.0 &

Position [3.6 16.769 23.4 3.077]
SelectionHighlight on <

SliderStep [0.01 0.1]
J5tring =] &
Style edit <
| LEE] initial_value_input &
TooltipString &
UIContextMenu =Mones v
Units characters <
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1%

String HI7to 2 HA

FontSize 152 HZA

=

Tag £ initial_value_input
o=z HE
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STATIC TEXT BOX

static text O}0|&2 2 &l

rlﬁff examplel.fig -e . -_es - .. pe| (=] -Eh1@
File Edit Wiew Layout Tools Help

Nod $§22R9 0 | 2BhA B2 P

| )
Input ODE function

QE]

static text box A M

oz 29

Initial value B R @
E ..

‘ Close ‘

Tag: texds Current Point: [198, 420] Position: [159, 253, 107, 42]

L - -
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STATIC TEXT

r@ Inspector. uicontrol (texts "range”) - E‘Eﬂ Strlng % Range E E%'

Bl e =

BackgroundColor B o .
BeingDeleted off FOﬂtSlze 15§ E 70:1
BusyAction queue -
ButtonDownFcn k] &
CData ﬂ [0x0 double array] & :
Callback @ :
Clipping on < I
CreateFcn ] @ :
DeleteFcn K & I
Enable on = Al l

Extent [0 0 10.8 2.308] |
FontAngle ncrmal < :
FontMame MS Sans Serif & |
FontsSize 15.0 & :
FontUnits points v |
FontWeight ncrmal = :

ForegroundColor @ [ |
HandleVisibility on :
HitTest on I
HorizentalAlignment center < :
Interruptible on < :

j| KeyPressFen e & I

ListboxTop 10 @ :
Max 10 & |
Min 0.0 @ :

Position [315 20692 21.4 2.231] |
SelectionHighlight on = M :

SliderStep [0.01 0.1] |
String ]| Renge 7 ﬂl :
Style text < |
Tag texts & :
TooltipString & |
UIContextMenu <Nones i :
Units | characters =~ | !
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EDIT TEXT BOX

rEﬁ-‘ examplel fig - . . - s . . " —r

File Edit Wiew Layout Tools Help

Nod d$2R90 | sBHhd BEH% P

Input ODE function
Initial value Range
Edit Text . @
|
‘ Close ‘
1 b

Tag: edit3 Current Point: [284, £19] Position: [150, 219, 122, 40]
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\
!

edit text Of0|& =&/

edit text box A4

oz 23
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EDIT TEXT BOX: INSPECTOR

@i Ins:pecto-r uicontrol (range_input ") - ==l Strlng H|_I ﬂ'QE E @
RS
BackgroundColor @ — =
BeingDeleted off
BusyAction queue - @FOntSize 152 Ejo:l
ButtonDownFcn ] &
CData HH| ox0 double array] & l
Callback k)| sLautomatic & )
Clipping on - Tag € range_input 2 £ tH
CreateFcn k| Stautomatic & 74
DeleteFen il & : e
Enable on =| :
Extent [0 0 0.8 0.308] I
FontAngle normal = I
FontMame M5 Sans Serif & :
[Fontsize 15| & I
FentUnits points - :
FontWeight normal | |
ForegreundColor @ [ [ :
HandleVisibility on - :
HitTest on v |
HorizontalAlignment center | :
Interruptible on = |
|| KeyPressFen kgl & :
ListboxTop 10 & |
Max 10 @ :
Min 0.0 & |
Fosition [29.8 16.769 24.4 3.077] :
SelectionHighlight on = |
Sliderstep _[0010.] :
[sting §| L |
Style edit < :
I1ag range_input @] | 3 :
TooltipString & |
UIContextMenu <Mone> © I
Units | characters - | :
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ODE23 PUSH BUTTON

4] examplel fig - e . - e ‘s e |-k
File Edit Wiew Layout Tools Help
NEd $2R9 ¢ | B0 R b

d

(20 o=

=

BEO000
HEEEEE

£
o)

Input ODE function

Initial value

Range

& Push Button @

‘ Close ‘

4

Tag: pushbutton2

Current Point: [422, 419]

Position: [389, 359, 138, 50]

b -

@ pushbutton 24
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ODE23 PUSH BUTTON: INSPECTOR

e o e @ String ODE232.2 ¥
Si =i=;
BackgroundColor )| I — &
BeingDeleted off
BusyAction quele - @ FontSize 152 tﬂjc:;
ButtonDownFcn ] &
CData E [0x0 double array] & I
Callback Seautomatic &
Clipping on < Tag % ODE23_SO|Ve E E
CreateFcn ] & 74
DeleteFcn ] & : e
Enable on - I
Extent [0013.8 2.308] :
Fontangle nermal i :
FontMame MS Sans Serif @ | I I
FontSize 15.0 & E :
FOTILTIS POmIS ( |
FontWeight normal = :
ForegroundColor | . I
HandleVisibility on - :
HitTest on - |
Herizentalalignment center < :
Interruptible on @ |
KeyPressFcn ] & :
il ListboxTop 10 & |
Max 10 & :
" Min 00 P I
Position [73.2 26.692 30.2 £077] :
SelectionHighlight on i :
E clidersten [001 01] | |
String =) ope23 2 l& |
Style pushbutton x| (B |
Tag ODE23_solve :J 1 :
TOOMIpSINg |
UIContextMenu =Mones i :
Units characters M !
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ODE45 PUSH BUTTON

ri] examplelfig

- 8 & - e [ L | (B |-

a=y" K

4

H
=]

File Edit Wiew Layout Tools

EEN M

Input ODE
o [
= Initial value

| L

Help

PR BB P

function ODE?23
[ Push Button . @
Range =
‘ Close ‘

4

Tag: pushbutton3

Current Point: [493, 420] Position: [373, 289, 136, 52]

L -

@ pushbutton 24
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ODE45 PUSH BUTTON: INSPECTOR

@ectoﬁr'u;control {ODE45_solve 00545')‘ .‘::ﬂ. @ Strlng ODE45 2 HZ
Si =i=;
BackgroundColor )| I — &
BeingDeleted off
BusyAction quele - @ FontSize 15 2 I:ﬂ z_-:,!
ButtonDownFcn ] &
CData E [0x0 double array] & I
Callback Seautomatic &
Clipping on < Tag % ODE45_SO|Ve E E
CreateFcn ] & 74
DeleteFcn ] & : e
Enable on - I
Extent [0 074 1462] :
Fontangle nermal i :
FontMame MS Sans Serif @ | I I
FontSize 15| & E :
FOTILTIS POmIS ( |
FontWeight normal = :
ForegroundColor | . I
HandleVisibility on - :
HitTest on - |
Herizentalalignment center < :
Interruptible on @ |
KeyPressFcn ] & :
il ListboxTop 10 & |
Max 10 & :
" Min 00 P I
Position [73.4 21692 30 3.923] :
SelectionHighlight on i :
E clidersten [001 01] | |
String =) opeas 2 l& |
Style pushbutton x| (B |
Tag ODE45_solve :J | :
TOOMIpSINg |
UIContextMenu =Mones i :
Units characters = !

57
Convriaht © 2016 Combputational Desian | ab. All riahts reserved



ODE113 PUSH BUTTON

r[j’f-' examplel fig - . ae. e -e S=SRCN X
File Edit Wiew Layout Tools Help
Nod| s 0 | 2aBHhs B53% b
. ]
Input ODE function ODE23
e E] ODE45
= i+ Ran
Initial value ge : 3
. Push Button 1@
| I
i
|
‘ Close ‘
4 b )
Tag: pushbuttond Current Point: [353, 417] Position: [376, 231, 133, 48]

@ pushbutton 24

h - =
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ODE113 PUSH BUTTON: INSPECTO

= ectoir 'u;control {ODE113_solve ODEllB?‘ =L ﬂ. @ S tring ODE113 ©2 HZ
Si =i=;
BackgroundColor )| I — &
BeingDeleted off
BusyAction quele - @ FontSize 15 2 I:ﬂ z_-:,!
ButtonDownFcn ] &
CData E [0x0 double array] & I
Callback Seautomatic &
Clipping on < Tag % ODE113_SO|Ve E E
CreateFcn ] & 74
| o
DeleteFcn ] & |
Enable on - I
Extent [0 0 86 1462] :
Fontangle nermal i :
FontMame MS Sans Serif @ | I I
FontSize 15| & E :
FOTILOTIG: o { |
FontWeight normal = :
ForegroundColor | . I
HandleVisibility on - :
HitTest on - |
Herizentalalignment center < :
Interruptible on @ |
KeyPressFcn ] & :
il ListboxTop 10 & |
Max 10 & :
" Min 00 P I
Position [73.2 15769 30.2 £077] :
SelectionHighlight on i :
E clidersten [001 01] | |
String =) ope113 2 l\ |
Style pushbutton @ k I
Tag ODE113_solve :J | l
TOOMIpSINg |
UIContextMenu =Mones i :
Units characters = !
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COMPARE PUSH BUTTON

r[ﬁ-‘ examplel fig - e . - .8 | e ] |
File Edit Wiew Layout Tools Help
Nod $52R9 0  2B6d B8H% P
| 2
Input ODE function ODE?3
or ) ODE45
= Initial value Range
ODE113
|
| = Push Button -@
|
‘ Close ‘

4

Tag: pushbuttons

Current Point: [439, 202]

Position: [372, 170, 129, 51]

@ pushbutton 24

L -
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COMPARE PUSH BUTTON: INSPECTg

r@ Inspector: uicontrol (compare "Compare™) [ @Eﬂ’ Strlng Compa re QE E %|
B5 (44| w1 =
BackgroundColor @ —I o
BeingDeleted off .
BusyAction gueus - @ FontSIZe 15 E E %'
ButtonDownFen kel &
CData HE' [0x0 double array] & !
Callback k| stautomatic &
Clipping on : @Tag £ compare £ #Hg
CreateFcn ] & I
DeleteFcn ke @ I
Enable on = l
Extent [00941462] |
FontAngle normal < :
Fonthams MS Sans Serif & |
FontSize 15] @ :
FONTUNIG PN = |
FontWeight nermal o= :
ForegroundColer @ | |
Handlevisibility on = :
HitTest on < I
Herizental Alignment center | | :
Interruptible on = |
|| KeyPressFen ) & :
ListboxTop 1.0 & :
Max 10 & |
Min 0.0 @ :
Pasition [74.2 13 25.8 3.923] |
SelectionHighlight on = A :
i [001.01] I
IString @ Compare & :
Style pushbutton = |
ITag compare | :
Toompsing & |
UIContextMenu =Mones v :
Units . characters | _ !
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STATIC TEXT BOX

ri examplel fig ..

" ...

File  Edit

=
(1 e=)

sl 3o
HEEHEE

|
o)

Tag: text?

NESd 2@ 9 o

View Layout Tools Help

Input ODE function

P BES BB P

Initial value Range

Independent "
variahle .

Depe‘ndent
varizhle

ODE23

ODE45

‘ ODE113

‘ Compare ‘

‘ Close ‘

Current Point: [326, £419]

Position: [150, 170, 115, 31]

Independent variable 1}
Dependent variable 0| E&

Z+ static text box 271 A
A
o
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LIST BOX

List box icon =&l
Y] examplel fig -e - - s . &« &8 |
|
File Edit Wiew Layout Tools Help .
— —— . List box A
Nod 2R 0 sl BHY | P
|
Input ODE functi i
-- npu LINCTION ODE23 :
|
I |
ODE45 l
|
Initial value Range |
|
‘ ODE113 |
! |
|
Indep_er;?ent Dependent ‘ Cumpare ‘ :
varlanie variahle I
|
! |
isthox - |
|
|
|
|
|
|
Close |
: A
|
] b :
Tag: listbox1 Current Point: [323, £419] Position: [21, 20, 109, 133] :
A = - I
|
|
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LIST BOX: INSPECTOR

o v v e S == String HIZ102 W
%_| B =
BackgroundColor @ — o |
BeingDeleted off
BusyAction gueue - y FontSize 12 E E %'
ButtonDownFcn &
CData ﬂ [0x0 double array] & :
Callback G| scautomatic &
Clipping on - @ Tag % reSU|t1 QE ﬁ%'
CreateFcn k| eautomatic &
DeleteFcn ] & :
Enable on < |
Extent [0 0 0.8 0.308] :
il Fontangle nermal @ |
FontMame MS Sans Serif AR :
Fontsize 13 @I VI” |
FOMCaTG BomeE v () :
FontWeight normal 7= |
ForegroundColor @ | :
HandleVisibility on - |
HitTest on v :
HorizentalAlignment center > |
Interruptible on > l
KeyPressFcn ket & |
|| ListboxTop 10 & :
Max 10 & |
| Min 00 2 :
Position [7.6 1.462 20.2 13] I
SelectionHighlight on = :
SliderStep ___bo101] |
String @ :
STyIE TMEtooR :
Tag resultl I
TGSty :
UIContextMenu =Mones> - |
Units characters < :
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LIST BOX

List box icon =&l

r[jf’-‘ examplel fig - - e - e
File Edit Wiew Layout Tools Help
NEd $2R9 ¢ | sBHhd R b

H

-- Input ODE function ODE?23
rr ODE45
= [ ZH .
Initial value Range
el
= ‘ ODE113
:
8 (|2
Independent Dependent ‘ Cumpare ‘
variahle ez
B
‘ Close ‘
4
Tag: listbox2 Current Point: [403, 419] Position: [150, 19, 121, 134]
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LIST BOX: INSPECTOR

2§ Inspector: uicontral (resultE_ Elh@-‘g Strlng |:|I_| ;ﬂ.gg E %'
2= [5i] wi m
BackgroundColor — = |
BeingDeleted off
BusyAction queue - y FontSize 12 2 I:ﬂ z_-:,!
ButtonDownFcn &
CData ﬂ [0x0 double array] & :
Callback | scautomatic &
Clipping on v @ Tag % result2 =2 I:ﬂ 7C:>i
CreateFcn k)| stautomatic &
DeleteFcn ke & :
Enable on o |
Extent [0 0 0.8 0.308] :
il Fontangle normal - |
FontMName MS Sans Serif 2| . :
Fontsize 12| 2 IK'* |
FUTTLUITITES HLATILS |A: :
FontWeight nermal 7= |
ForegroundColor | :
HandleVisibility on i |
HitTest on i :
HerizontalAlignment center = |
Interruptible on o :
KeyPressFen ] & I
|| ListboxTop 10 & :
Max 10 & |
' Min 00 P :
Position [36.8 1462 202 13.077] |
SelectionHighlight on o :
SliderStep [0.01 01] ! |
: i« |
String @ 21 il I
.'_‘IL_'F'It' TR UFTA h"‘- I
Tag result2 Ed B :
ToTitrStTiTTY | |
UIContextMenu <hones> < :
Units characters A :
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GRAPH WINDOW

GUI window &S O A
cafa stol Szl

&) examplel fig "W ° Beoes" b AR A0 - - [E=NEEREST N ——

File Edit View Layout Tools Help 3 graph E -H-AloH_l_: jél- ACl)-l
EEEINEL BRI R o

. I N

Input ODE function ODE23

A —

ODE45

Initial value Range axes]

ODE113
Independent Dependent Compare

|

|

|

|

||

|

|

|

|

|

r. |
—t= |
|

variable variable |
|

: : |
|

|

|

|

Close i

- . I

mn I

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

<|

Tag: axesl Current Point: [803, 404] Paosition: [578, 10, 423, 392]
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ODE23 PUSHBUTTON CODING

-

[ Editor - C:¥UsersWseanwDesktopWexamplel m

File Edit Text Go (Cell Tecls Debug Desktop Window Help A X

NEH| $RBRI20 |- Aaenf|B-28BRE » 0

BB =10 |+ |+ 11 |x ¥ |0

[RaTu] do——— LCELCOUED UM UUTTO PFress 1T UESI_STUTYE, -D

154 function QDEZ3_solve Callback(hObiect, eventdata, handles) )

155 % hibject handle to ODEEA_solve (see GCBO)

156 % eventdata reserved - to be defined in a future version of MATLAE

157 % handles structure with handles and user data (see GUIDATA)

168 |- fun = get({handles. ode_input, "string’});

159 |- initial_temp = get{handles.initial_value_input, string’};

160 range_temnp = get(handles.range_input, string’ J;

161 |- initial = strenum{initial _temp);

162 | range = strZnum{range_temp);

163

164] - dydt = inline(fun, "t', v ) @

165) - (t,v] = ode23(dvdt,range.initial);:

166

167) - blank={}:

168] - set(handles.resultl, "String’,blank):

169) - set(handles.result2, "String’,blank): =

170 :

1M - ResultsStrl = t; i

172) - Resultshtrz = i

173

174 - set (handles. resultl, 'String’ ,PesultsStrl)

179 - set(handles.result2, String’ ,HesultsStrE

17

177 plotit,y)

174 Al

-1‘_| - 1 - k

4 x| assignmente.m  ®| exm | heatfunm % | exlm ®| dydsnm % | resm % | ex2 1m x| P
! examplel / ODE23_solve Call... |Ln 158 Ceol 39 |OWVR
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ODE23_solve E{O 2 O|=

ode_input Ej 12 X| ™=
edit box O'E_‘l 52 get &t
=2

ES

>+>

At
(= O

initial 1 range 42
=2 Y™ 9ljof 57|

str2num HZH 0| E 0|5}
of £X2 W = K

D ESH &£ inline @
o & 0|85t &t+2 X|d
ode23 gt=2 AlSH

resultl 0} result2 ©| Ej1
2 X|™HE listbox LHES
clear

X
i
Rl
07!

AIE listbox0f| ==

=5
=

a

)
1=
M
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ODE45&113 PUSHBUTTON CODIN

[ Editor - C:WUsersiseanWDesktopiWexamplelm d StA 2 aF W =
File Edit Text Go Cell Tools Debug Desktop Window Help A X i|-§-|?(|_l'_— OE.:CD)IO';}I_le_EOE_gI
NEH| B9 LD - Meni|b-BRBRAE[-] ~[0O- r oy - eFEE /T H
Big| -0 |+ ] 11 |x |«F|O T
3 A ——= ERECUOLES OIT UOLUTOT Press TIT UDEao_S50TVYE -D I
180 function ODEAS_solve_Callback(hOhiect, ewventdata, handles) i I
181 % hibject handle to ODE45_solve (see GLEO) l
182 % eventdata reserved — to be defined in a future version of MATLAE :

183 % handles structure with handles and user data (see GUIDATA) I
184 — fun = aeti{handles.ode_input, string’J; :
185 — initial_temp = get(handles.initial_value_input, string J; :
186 — range_temp = geti{handles.range_input, 'string’');: I
187 — | initial = str2nunlinitial_temp); :
186 - range = str2numirange_temp); I
189 l
190 - dudt = iclinaffun "t - I
191 - [t.v] = oded5(dydt, range, initial): l
192 i :
193 - blank={}; :
194 — set(handles.resultl, "String’,blank); |
195 — set(handles.result2, "String’ . blank); il :
196 L |
197 - | ResultsStrl = t; L l
193 - ResultsStre = v; :
195 I
200 — set(handles. resultl, "String’, ResultsStrid; :
20 - set{handles.result?, "String’, ResultsStr2); I
202 I
203 - Lplot(t,y) :

| 204 i |
7 . _ . - e . : :
ddydnm  ® | resm % | ex2 1m | ex22m  ¥| FDM exlm *| examplem * | examplelm =[P :

examplel / ODE45_ solve Call... |[Ln 192 Col 1 OWVR :
|
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ODE45&113 PUSHBUTTON CODIN

-

[ Editor - C:¥¥Usersi¥seanWDesktoptexamplelm

File Text Go Cell Tools Debug Desktop Window Help ¥ A X
NEH| R0 (02 Aesi|b-EBRE *0 ~
g -l10 |+ | F(11 [x || @
-
231 % ——— Ewecutes on button press in compare, i
23z function compare_Callback(hOhiect, eventdata, handles)
233 % hibject handle to compare (gsee GCBO)
234 % eventdata reserved - to be defined in a future wversion of MATLABE
235 % handles structure with handles and user data ([see GUIDATA)
236 fun = getlhandles.ode_input, ‘string’);
237 initial_temp = getthandles.initial_value_input, string’};
234 range_temp = get(handles.range_input, 'stringa’J;
23 initial = str2numlinitial _temp);
240 range = strZnumirange_temp):
241
247 dudt = iplinelfun + utl-
243 [t1.¥1] = ode23(dvdt.range,initial);
244 [t2.v2] = odedS(dvdt,range,initial);
245 [t3.¥3] = odel13(dvdt,range, initiall;
246
247 blank={};:
248 setthandles. resultl, "String . blank); @
249 setthandles. result2, "String . blank):
pasl] N
251 plot(tl,vl,t2,v2,t3,v3) =
252 B
Zha % ——— Ewecutes on selection change in resultl,
254 function resultl_Callback(hObiect, eventdata, handles)
255 % hibject handle to result! (gee GCBO)
Ly g W e L X R | +m bm AmdiemAd e o~ ks imes s o~ F WATL WD
4| i | 3
diydenm x| resm x| ex21m x| ex22m x| FDM_exlm x| examplem [ examplelm x|p

Ln 250 Col 1 OVR

examplel / compare_Callback
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M
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B examplel

Input ODE function

4*exp(0.8%1)-0.5%y

Initial value Range
2 [0 4]
Independent Dependent

variable

variable

L

ODE23

ODE45

ODE113

Close
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