(EFE08) 812K

FEARS:
MR BIEEERE:

Mo htEREIr. ODE, EuleriXk, 3£58&

SERTEREL:
B18EY. quadily. RASER)

HFRBEXE HFLE B B &l Web. Link


https://liangjiandeng.github.io/Teaching.html

P HIEER
P HEREI S ODERE]

—krEMD HENFRRRRE

HAR, y=y(t) KA,
f(t, y) =L ERI —ICERE].

B y(to) = yo
fd_y_
Jdt Ly

Y(t) =Y,

(B
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MR BIEER

BN hiEd

=X
dy, _
] =ay,+BY,+0(t)
< t
d
%=7y1+5y2+92(t)

Hrha, 8,7, 0 ACHRE, 9,(1),0,(t) At WIEHIREL,
PIME Y. (t) = Voo Yo (te) = Yoo » BRAFE TS TTTEL

R HFRRESEA)PEBER, MEREIFREREIE—F
BB St <t, <eeeunn<t, <t ., FEIERUE v, Voernr ¥, o
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MATLABKEE 3 BTz
Runge-Kutta (A ER)BEN S KE X!

B X8 ¥£ ¥ Runge-Kuttai&k B (28 23H)
0de23 (k. ERARAA—EHENHEELTR,
&%‘f(t V)RFE (JFEL) 69FA

2 X8 # FRunge-Kutta® B (4% 2]5H)
Bk, ERTAFEA — & Z KA IEE K P A

ode45
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MATLAB K@ o742 [ E N ¥ K X (0ode23)])

KERIT K
(V) A HH A2 L —W By FTAR(RFTAEE) & 3nd
(2) AIMATLAB4r4-0de23() £ & {h .

B KB 5%
[T, Y] = 0ode23('F',Tspan,y0)
EF: ‘P REALHEIBEIMHLFHFHF IR
Tspan = [t0, tN]2 % Mo 42 KA X ;
YO & T #4554
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KIBEID AL

=

[T

T:
Y:
‘F!:

A KiE ik
, Y] = ode23('F', Tspan,y0)

KRR B A BB
KR X IR B a S AR 5 o BAERE .
B TAREL IRAEREI TG E.

y0: FmzE (#fd) .

BALA

REEY 08— T B F Ak oy B 09 R

HAE.

Tspan ¥ A 2 B4k &. #l:linspace(a,b,step)
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ol BREMRA [N _

< dt
N(0)=N
hKDjEﬁiAJj%fﬁirab[\D@§4t$i°

A1994 FHE A A 12/ A #E, BAR T
&r =0.015, KRBT H»>FTAE
(dN

—=0.015N
< dt

N (1994) =12
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MR hESERR
wEAEFfunl.m:

function dfun=funl (t,N)
dfun=0.015*N;

FAE T HIN:

[t,N]=0de23 (@funl, [1994,2020],12)
plot(t,N,’ o’)
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function test
[t,N]=0de23 (@funl, [1994,2020],12)
plot(t,N, o’)

function dfun=funl (t,N)
dfun=0.015*N;

18
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14 |
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iR B EAYEuleriZk:
3_?[/— f(t,y) FEt=1, S4B RMBOSEE
FREEARA 2
V(1) = Y(t) + (t—t)y () + _2t°) JU(L) 4

L_MEI'J

y(t) = y(ty) + (t=1,) T (L5, ¥,)

FELFRARX y(t,) NEEEEA

Yy, ® yo"'hf (to’ yo)’h—tl_to
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o] A E

y(t,) BYEUTE

=3: 5501

=T

(Lo, Vo) RLRIERLE V(1) BHES

-§y21 EI]
Y, =Y, + hf (’[1, yl)

yk+1 ~ yk + hf (tk’ yk)
(EARA)

/—

1T

M
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whl: EERITEHTETIE (THRET) (4

o
—~t

FMRERRLE, ESiRERA: y(0)=1
1 2t
y:—[2t—1+5e ]

TG T Eh=0. Zﬂjﬂblﬂﬂ;ﬁﬁﬂﬂgﬁun F
TiE4ER, #ENE THREIHRE.

-——-
t, f(te s Yir) Yk y

0 0.0 NA 1.0000 1.0000 O

1 0.2 -2.000 0.6000 0.6879 -0.0879

2 04 -1.000 0.4000 0.5117 -0.1117

3 0.6 -0.400 0.3200 0.4265 -0.1065
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BRBIEAImatlabsEIR (E3K)

EHIBAN T LR IE R AR R,
FHERERRERIE.

y(1)=1
for j=2:n

SR &1

y(3)=y(J-1)+h*(t(j-1)-2*y(J-1))~

end

h=0.1;, tn = 1;
t=(0:h:tn)';
n=length(t) ;
y=1l*ones(n, 1) ;
for k=2:n
y(k)=y(k-1)+h*feval (t(k-1) ,y(k-1)) ;
end
plot(t, y, 'sb-')

function dfun=feval(t, y)
dfun=t - 2*y;

end
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P HIEEER
L MPBENER (EEREAMBEXS))

1, AN

T BT fiﬂ]ﬁﬂnﬂﬂﬁﬁ—ﬂﬁi FRERAMATLABKEE
WA TENRENT R, FRAPLE ”A‘i)’lﬁﬂﬁ HZ E Ay,

2. SEIOAYEGH

MATLABEK M n HAZAMER A <

Y =f(x,y)
Ly(xo) = Yo

BAL Ty ik RS2 BB A, A AR AR FAE L S5 =L KK, AE

ode23()K H HKAE#E
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R BEREMR

2, SCIGRIET

FHHFALE AN AR | dt

— N F R T AR LA AAE ) RS KRR T ik
[T, y] = ode23(‘ F’, Tspan, y,)
HF, FREJB A, & Ty F AL 308
Tspan = [t, Tfinal] KR X B
Yo #48 FAF

i HEFLY) LABLEF HE.
¥ALfRy 6985 —3] (HF—FNAHA—NRHEKGHE) FRTFINQETF & HKALE
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T . KRR Y AL LA A04E R

AL

4 dyl

At

=—e" y; +0.8Y,,¥,(0)=0

HBFREEZEXE

y0=[0;2];

tn=[0,3];

[t,y]=0de23 (@fun2, tn,y0)
plot(t,y(:,1),’0" ,t,y(:,2),"+")
xlabel('t’) ;ylabel('y 1 and y 2');
legend('y 1’ ,'y 2')

function dfun=fun2 (t,y)
dfun=[-y (1) *exp(1-t)+0.8*y (2) ;

y(1)-y(2)*3];
end




P HIEEER
W1 B RFEAMARER 21994 FRBAC HI2CH MG, KBERSF

#Z .
N &R TADRKE BADTEr =0.015,# 5 %42
’dN 18 ¢ - - .

——=0.015N 16 -
dt

N (1994) =12

A

14 -

12 ¢ 3 I3 r I3 I3 3
1990 1995 2000 2005 2010 2015 2020

@ 2 function z=funl (t,N)
BEQ D '
ok z=0.015*N;

ode23('funl',b [1994,2020],12)

A\ S
FAET D |7 NJ=ode23 (' funl', [1994,2020],12)
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1912 B FTALEAE RS
— RBAE

BEARBEHFIRFLAIR, RREAAXF AW, XAFLAKE, v

EATHRERXE, BRAEZXAMEGHERAT, HFAEKEHI100%. 2R EXFHF L
, IREF AT, RTEH100%. IEAFRABEIERANRXER, INENE
EEFRTI B, HIRNERZFRERCIHEAEL, AFAKEV LK
ZHEHN0015. R HF G HEAEXHINERER Y, IINERKEHNHEKEF RLHK
TAELL, B AEAH0.0L.EFERA

ik
AL

B WRE HRARA A

[ dx

a = X-— 0015Xy X(O): 100
4

j_i’ = —y+0.01xy ¥(0)=20

FHX(), y(t) HtE[0, 20]a K #E. LEHFTBRZT RARE WK ELAAE. ACH L
I, YARRARGH BT, 547 LSRR f R,
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= KB AN
T By T AEAME R AR SR TEE AMATLABKAREE tho 7 A2 69 3 4E
T ik, FEBPHRESEF 5 EZ R A,

=, FBR¥
Bl EMATLABS) {E LA, B TREMS FTAEE A 3N

function z=fox(t,y)
z(1,:)=y(1)-0.015*y (1) .*y(2);
z(2,:)=-y(2)+0.01*y (1) .*y(2);

£ AMATLAB440de23()iA B H#F L Afox.m, KFEEZY)=[x(1),y(t)] R e AELF .Y
F—FIRERF—RHEXOOEE, YOFEFRF BBy RE, ARARELERSHAA
HR BT, WEST AR WM EAFROTIRARKALER, ARAFRALE,
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W, KRBAESF: Kp HAEBAEMR 204K B

Y0=[100; 20];
[t,Y]=ode23('fox', [0,20],Y0);
x=Y(:,1),;y=Y(:,2);

figure (1) ,plot(t,x,'b',t,y,'r")
figure (2) ,plot(x,y)

B, RREFZR,M

¥0{EHIX(0)=100, y(0)=250Y, {FEEFRITHRIHERFIE, BHRisH/IVEfilR
AERBISAX,,=29.9517,X . .,=236.0533; JIBHEHF/IBEFHFRAED IS
Ymin=20.0000,Y,,,,,=157.2538, Bﬁ%&a$uﬂm&§&§§wu¢aul1ﬁﬁm

) AN
fizks\//j \\ // ------ BT IR
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#13: KEREKR S BE% I Van der
Polf# 5~ 7 4E.

o
—
N
o
(o

y(0)=1,y(0)=0

£x(l)=y; =x(2)=dy/dt,

R

dx (1) /dt=dy/dt=x(2) ;

dx (2) /dt=d (dy/dt) /dt = d2y/dt2
= u*(1l-x(1)*2)*x(2)-x(1).

x0=[1,;0];

tn=[0,20];

[t,y]=0ded5 (@vdpol, tn,x0) ;
plot(t,y(:,1),t,y(:,2),"--")
xlabel (‘t’);ylabel(‘'y 1 and y 2');
legend('y 1’ ,'y 2')

function dfun=vdpol (t, x)
u=2;

dfun=[x(2) ;u* (1-x(1)*2) *x(2)-x(1)1];

end
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$HERD

—. ﬁﬂf\E*F!ﬁ | B85 (1) ARRRRSURA A g
HFRD 1(£)=[ £ (x)dx T fix) B —LeEg(E;

YR EMES(x)AIEEREELF(x), NIHA (2) Ax)BIEERETF(x)RAEHE, ANF(x) A=
Newton-LeibnizZ2T\ B ]

"f(x)dx = F(x) = F(b) - F(a)
|, £ = P, = F(0) - F (3) AORTAR ISR REE R

HERSNEFTE: HoRPXE, MaReASEs, RN, SEIERSR

(LA, A
i ()EEIREFRLS. (2)UUERE W
a b>
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=. MATLAB#THERMMEERH

% 3 % BEEA
trapz ¥ & KRR
quad | X F T ¥ Ksimpsosk KR4
quadl = 45 B Lobattofr 4~k
dblquad| #%£# KR _—FHKAEARS

& quadiy (sl
A K35 g =quad(fun,a,b,tol)
1. fun #EFREBEUF BRI DR

2. a, b TR, 92 LR
3. tol FAFEE

af5: IZ 1 dx
0 x°—2x-5
%5 KIBALN -

function testmain_l
Q = quad(@myfunl,b0,2)
% xE X BRI

function y = myfunl (x)

y =1./(x.43-2*x-5);

ﬁEﬁL TR
Q = -0.4605
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$HERD

Bl dblquadAYfsEF
E Xi&%: g=dblquad(fun,a,b,c,d,tol)

. fun #EFREREDIHB oK EREN R
. a, b AR TR, AR LR

. ¢, MR TER, MR LR

. tol FAEE

S WIN =

b j'oldy f(xz + y)dx

%5 KBALF

function testmain_2
Q = dblquad(@myfun2,1,2,0,1)
% xE X R EL

function z = myfun2(x,y)

HBFREEZEXE




$HERD

= B%F

(1) HAGIFEOBHIRRSS?
(2) JHERXE =B

[lax[ " (x* + y)y

ans=

fun=@ (X,Y) x.A2+y;
ymax=@Q (x) 1-x;
quad2d (fun,0,1,0, ymax)

0.25
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e

BEHF:
f5ll1 2 1 512 b1 X°
I - dx I —— exp (- —)dx
0 X - 2X - 5 a A / 2” 2
syms Xx syms x;
f=1./(x.A3-2*x-5); f=1/ (sqrt (2*pi) ) *exp (-x.~2/2) ;
int(£,0,2) int(£,-900,900)
Warning: Explicit integral > EFHEH e
could not @, { .
X
_ 0:2 A E exp (- 7) function testmain3
function 1
Q0 = quad(( °Z g=quad (@fun3,-900,900) ;
% 5B X R function z=fun3 (x)
function v | EXHHpPIBE ‘ .
v =1./(x U“ﬂ';' EREK i8] z=1/ (sqgrt(2*pi) ) *exp (-x.72/2) ;
10 8 -6 -4 2 anS: 1
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Bla: BIRREIE [ [ [*x2 ydy Jix

function testmaini4
g=dblquad (@fun4,-1,1,1,2)
function z=fun4 (x,y)

o z=x."2.%*y;

B%: syms X y
(1) Z ERR>AITE? f=x.2.*y;
g_zl_)é‘f?ﬂzfﬂf%ﬁﬁ?lziﬁﬂ'ﬂ:i*ﬂﬁﬁﬂﬁ int(int(f,y,1,2),x,-1,1)
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1. KB FTAZ AP T
2. BRIZILMEIN HTAER T
3. MM ptrapzBl-F

function [t,y]=demoEuler (h)
tn=2,;y0=1;
[t,y]=odeEuler('rhs',tn,h,y0);

0l {&

I\

FARRRL R BRI T Rl

yex=(2*t-1+5*%exp (-2*t)) /4;
fprintf ('t y Euler y exact error\n');
for k=1l:1length(t)

fprintf ('%$9.4f %9.6f %9.6f

end

fprintf ('\nMax error = %$10.2e for
h=%f\n',norm(y-yex,inf)  h);

4

E'TT

0.2,h=0.1,h=0.05TF, FHAZH %
&SR %éﬂé’a%{cﬁﬁ%’a S

.""function dydt=rhs (t,y)

dydt=t-2*y;

$10.2e\n"',t (k) ,y (k) ,yex (k) ,y(k)-yex(k))
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EFRS--- R ALY

2 fl: BBRZIE trapz

x=0:pi/10:pi;
y=sin(x) ;
trapz (x,y)

x=0:pi/100:pi;

y=sin(x) ;
trapz (x,y)

ans =
1.9835

ans =
1.9998

sin(x){E[0, pi] LFR 53 ROFEHRI

syms X
int(sin(x) ,0,pi)

+H

fRIAIR T ERMNIZE2, WFaJLl#
TSRO RBRRGEROEL, (EH
HEREEXHAAK,

122 % HARE HOR BB AT HF 5 AR 90
, B R MALAR S 7 ok T A% 3 B o i
TRGH LR,

HBFREEZEXE
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M BiEEER:
M H1EEN. ODE, Eulerik, 3£i8

SERTEREN:
BiaEY. quadiRys. MFEsER)
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