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Euler Method

3ygall Ao S0 Al doalall lialall hWalaall Jal doae 4555l a BUP RS

dy _ _
a—f(x,y), Y(x,) =Y,

) Aty AW A5 e Asled) Al nlall iV oleal)l ae Jolam llhy

dy B v dy 2.2 .

— o % -5 e — + x =2Sin(3x),y(0)=>75

+2y=e ",y(0)=: T y (3x),y(0)
dy . dy 2Sin(3x)— x’y’
Z _e —2y,y(0)=>5 = ,y(0)=5
dx y.y(0) dx e’ y(9)
. 2Sin(3x)— x’y’

f(x.y)=e" -2y f(xy)= ( el}‘ 2
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ey Ean JCA 3 LS () A s Al Alladl Ja o) i
y(x} Alal ] d—'w"“r' L_Jl—ﬂ' E"ﬁ-}.ﬁ 'xn =0 l_JI g__]'ab:ﬁ‘ ‘-_Aﬂ,j X = JCG ._‘1_'15‘1,: = ¥, ui
Vot Xg ome AS () G (X, Yy ) 32 X = X 2o Jaall (L lagss f(X,Y) 52

'y(xﬂ) =Y cﬁc.—;‘u-"-.‘lg" Lyl e daslas
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e 'cé—“‘sil_yﬂ Dyl o sa x =X e Jaall O 2as JSA s
— X
Dl Je Jaaall i
Y — Yo

f(xnryn):— :)y1:yn+f(xu:y0)(xl_xn)
X, — X

Dl e Joanil 71 3l 43 Sass sshall sk sa Xy —xp Olie) e

Y =Yo + [ (XY
x = x; 2wey(x) d (approximate value) 4,8l dapll eyt Yy, o) s
Y, —leals ((Predicted value) Aadgiall o) Apell 3 el Lede (31, Lilals
X =2, Xey(x) 3 Agml desll oas
Y, =y + f(x,y)h
X=X th o e
A Aalall A Y Jemsil) (Sar Bam Lo o Iolaie )
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y(x,) =y(x)+ f(x,y; ) h
xX,,=Xx+th
LI O e LS HLa) oSa Ll
Yia :y{JCi)_l_f(xi?yi)h-]
X =X +h [

35S Dbl lede (Bl Ulaly gl 35,0, 4y0,Sa) A8Mall  _eudy
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Example .
x =] e Al Slall & Dhlaaddl Ja 2l
y+y=x
v(0)=1
Aalee J8i o A lialsll Aalaall pimg asfiy 7=02 o) Gy astiv ladl 8
EJ}.A.QH ‘51; C_u.afﬂ A}i

Yy+y=x—-oy =x—-y
Floy)=x—y OB s
Yin =Y; + [ (5, Y:)) R = Yia = Y; + (% — ;) (0.2)
Al A e Joass Leiag
Y., = 0.8y +(0.2)(xi) ,1=0,1,2,3,4
y(0)=1 }
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deola
Slo Jeaaid AL Al 3 i =0,1,2,3,4 Ge msaia OV
Yy = (0.8)Y, +(0.2)x, = (0.8)(1) +(0.2)(0) = 0.8
y, = (0.8)y, + (0.2)x, = (0.8)(0.8) + (0.2)(0.2) = 0.68
Y, = (0.8)y, + (0.2)x, = (0.8)(0.68) + (0.2)(0.4) = 0.624
y, = (0.8)y; + (0.2)x, = (0.8)(0.624) + (0.2)(0.6) = 0.619

Ys = (0.8)y, +(0.2)x, = (0.8)(0.619) +(0.2)(0.8) = 0.655

» 7h=02 dsbra dlalall Adabaall gaall Jadl 18 130
y(x=0)=1
W(x=02)=0.8

y(x=0.4)=0.68
y(x=0.6)=0.624
y(x=0.8)=0.619
y(x=1)=0.655
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syms fxy b LS Sl (s JBa) () bl 2 b
h = input('step size='); M 3l Sans sshall Job dad Jia)
f = input('the function f(x,y)="); alalill Alaleall £, y) A Jla)

X(1) = input('x0=");
Y(1) = input('y0=');
xf = input('xf=');
for i=1:(xf-X(1))/h

cYpe Xy e IS Aad oay Sl Layul Jlay)
XF 3al L Sayis Y A olaa laie ol x ded JIS

X(i+1)=X(i)+h; adul) 3l 8 jeday LS lels bl Jlaaks asii maliyd) 25 N
y=Y(i);
x=X(i); step s1ze=0.2
Y(i+1)=Y(i)+h*subs(f); the function f(x.y)=x-y
end x0=0
y0=1
Y xf=1
Y =

1.0000 0.8000 0.6800 0.6240 0.6192 0.6554
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f=(F- k*v)/m

F=1000;

m=100;

k=50;

syms v

h = input('step size=');

f = input('the function f(t,v)=");

T(1) = input('t0=");

V(1) = input('v0=');

Tf = input('Tf=");

for i=1:(Tf-T(1))/h
T(i+1)=T(i)+h;
v=V(i);
t=T(i);
V(i+1)=V(i)+h*subs(f);

end

\'

=20- 20*exp(-t/2)

syms f t x
h = input('step size=');
f = input('the function f(t,x)=");
T(1) = input('t0=");
X(1) = input('x0=");
Tf = input('Tf=');
for i=1:(Tf-T(1))/h
T(i+1)=T(i)+h;
x=X(i);
t=T(i);
X(i+1)=X(i)+h*subs(f);
end
X
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Runge Kutta Method

Jalasll 3,k jedl saa) Runge-Kutta 4th Order dad)ll sl e 1S zo9) Adyyla das
<Yoleall Jad aadnes Al RK4 eyl Led e 4oalall lslall a¥alaall Jal gaasll

d 3 gazall aolalanl)
W - f(x9).9(0) =y S

W skl h e X e aas (x+h) dkd e y(x) AU S S Gl e ks 35 ey
y(x +h) =y(x)+y'(x)h +%y” (x)h? +%y’”(x)h3 + - +%y(”)(x)h”

- -.l1s . ol AT .l s rnr rn A0 -
1 Ay 2 &l a5l L) Ayl s Lol 2 y(m) sy sy s Y S

J}'Lit’"ﬂJSi“Q‘ggj%”'JPMl Q-A.-:;i Jles) aae e Aashyll 4550 e WS =) A8k aaias
PATRELS
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;LM (xi—l - X )2

d
Yiag = Y, +ay|xi.yi (x:'+1 _xi)"'_

1 d’y : 1 d'y 4
;dx3 |xf.y[- (xi+1 —xi-) +de4 |x,-,y,- (xi+1 _xi)

1 : 1 -
g = Y; +f(xi=yi)h+5f (xi=yi)h2 "‘;f (xi=yi)h3

1 . .
+Ef (xi:yi)h J

s«,}]\ﬁ]\ E_Jj...a.“ ‘;L:. alolaldl el t—:ﬂ:’u—n {_f)rllj
Vi =¥, Hak + ayk, + aks + ak, )
Lo b HsSaa fpa IV agaad) adlly Alalaall 3l5laiass

yf+1=yf+%(ki+2k:+2k3+k4]h
k, = f(x,y,)
1 1
k: =f[xl.+5h,yl.+5k1h] >
flx+tlny +L1en
i 2 » i 2 2

k, =
k, = f[_xl. +h,y, + k;h)
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Example A

1{0} =1 E_“Ln.jl:.a:\ y=1 .l‘l._“'l.r.r.*lg'II +y=x Eﬁ]_._hu‘sl‘r I lalaall ;JA .J_‘\..ji
Vi=x—yv. v(0)=1
Sle Jemss /=01 ) lie) Jes (v 1) =x -y Leias

k= f(xY;) =k =x -y,

k= flx+thy +1kh] =k —x -+ h-y - Lkh
2 = TS » Y, 5 : T Y, 5

k?—frx +lh +lk2h] =k, =x +lh— —lkjh
IEA » Y, > | - T Y; 5

k,=f(x, +h,y, + Kh) — k,=x,+h -y, - kh,

1
Yia = Y, +E(k:1 + 2k, + 2k, +k4)h
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(Fo=L % =0 of MW o) 7 =0 2=
R:l:xi_yf:(}_lz_l
k, = x, +%h -y, —%klh =0+ (0.5)(0.1)—1—(0.5)(—1)(0.1) = 0.9

o, = x, + %h - Y, —%kzh =0+(0.5)(0.1)—1—(0.5)(—0.9)(0.1) = —0.9050

k,=x.+h—-y. —kjh=0+0.1—-1—(—0.9050)(0.1) = —0.8095

1
Y, :yu+g(k:1+2k2 +2k3+k¢)h

1
Yy, =1+ E(_l +2*(=0.9) + 2 * (=0.9050) — 0.8095) (0.1) = 0.9097

https://manara.edu.sy/


https://manara.edu.sy/

[

deola
6)ligall
S Jyaall (e ) s B
i | x(® v(@) k, ke ks ky, v(i+1)
0 0.0 1 -1 —-0.9 —0.905 —-0.83095 0.9097
1 0.1 0.9097 —0.80968 —0.71919 -0.72372 —0.6373 0.83746
2 0.2 0.83746 —0.63746 —0.55559 —0.55968 —0.48149 0.7816
3 0.3 0.7816 —0.48164 —0.40756 -0.41126 —0.34051 0.7406
4 0.4 0.7406 —-0.340064 —-0.27361 —-0.27696 —0.21294 0.7131
S5 0.5 0.7131 -0.21306 -0.15241 —-0.15544 -0.097518 0.6976
6 0.6 0.6976 -0.097624 —-0.042743 —0.045487 0.0069248 0.6932
7 0.7 0.6932 0.0068288 0.056487 0.054004 0.10143 0.6987
8 0.8 0.6987 0.10134 0.14627 0.14403 0.18694 0.7131
9 0.9 0.7131 0.18686 0.22752 0.22548 0.26431 0.7358
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Example

Ll syhall Aoy die elgedl (B2l man (6l 1200 Lei)ha Aay03)S
J"u_:ll.‘-! ‘;15_3 ¢Jadd &Ll—:i?lj 3_-}_;'.1‘: quﬁal'l E)'I)AJ'! LJi Lﬁ}.ﬂ‘jﬁﬁl—l -L)-Q-‘S 300 L-'-EJLJ:QA _]-;.:_:.;_A_‘.'a
380 3yha Aayn e A0 Alalal Aaledd) o)
(f=2.206?x10‘”(9481x103)6'(0)=1200K
!
3o phall Aays aagl ASEIL Gyl ¢ JEa 5 alKIL s)hall dapy JAs 0 Gaa

45 240 85kall Jsla (sl LAahll 45,0 BsS 5 48k aladnnly 4sbs = 4800
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sl
% = -2.2067 x10™ (6* - 81x10%)

= f(t,6) =-2.2067 x107 (6* —81x10°)
RK4 dlilae 8 (agenilly a8

-

6,1 = 6, +— (K, + 2k, + 2k, +k,)h
k, =f{ff!'ﬂ}

r"' 1 1 ™
.i‘c.:z=‘,I"htl.+Eh,4[5'i+EI<:,hJJ >
( 1 1 \

Ry = fla+Sh6+ Sk
k= f(t,+h,6 +Kk;h) |
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OB lgiast, = 0,68, =1200K )18 i =0 e Y

iy :f(fmgu)
= £(0,1200) =-2.2067 x107"?(1200* —81x10%) = —4.5579

ke, = f(r[, + % h.6, + % A—lh_]
— f[@ + %(240)._1 200 +%(— 4.5579)x 240)
= £(120,653.05) =-2.2067 x107*?(653.05* —81x10°) = —0.38347
ks = f{rﬂ + e, +1A—2;;)
2 2

— f[(} + %(240)._1200 +%(— 0.38347)x 240]
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= £(120,1154.0) =-2.2067 %107 (1154.0* —81x10°) = —3.8954
k,= ft, +1.6,+k)

= (0+240.1200 +(—3.894)x 240)
= f(240,265.10) = —2.2067 x 1077 (265.10* —81x10° ) = 0.0069750

6, — 6, + é{kl 2k, + 2k, + k)
= 1200 + % (—4.5579 +2(—0.38347)+ 2(—3.8954) + (0.069750))240

— 1200 + (—2.1848)x240 = 675.65K
e 3yhall dagal A sl dasll o 6, o) G
=t,+h =0+240 =240
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OB lgiest, = 240,60, = 675.65K b i=1 e Lol
ky = f(t,6)
= [(240,675.65) = —2.2067 x 107 (675.65* —81x10°) = —0.44199

k= f(n+iha k)
. 2 2
= f(zam + %(24{3) ,675.65 + %(—0.44199) 240]
= f(360,622.61) = —2.2067 x107" (622.61* —81x10°) = —0.31372
k, =1t +lh,91 +lkth
2 2
= f{240+%(24(}),6?5.65+%(—{).313?2)><24(})

= [ (360,638.00) =—2.2067 x 107" (638.00" —81x10%) = —0.34775
k,=f(t +h,8 +Kkh)

= f (240 + 240,675.65 + (—0.34775) x 240)

= f(480,592.19) =2.2067 x107"?(592.19* —81x10°) = —0.25351
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e, =6 +%[kl + 2k, + 2k, + Kk, )h

= 675.65 +%(—0.44199 +2(—0.31372) + 2(—0.34775) + (—0.25351) ) x 240

1
=675.65+—(-2.0184)x 240 =594.91K

die hall dajal dpyyill Aedll & 0, o) S
t=t =t +h =240+ 240 = 480

40U 4800 Adaall) sic 5 ) jad) da 3 ) Jmasl) sia <l ghadld) (udl ) S5 a3y
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clc .
clear all mu
syms fxy ?JLI_DJI
h = input('step size='); step size=240
f = input('the function f(x,y)="); the function f(x,y)=-2.2067*10/(-12)*(y"4-81*10/8)
X(1) = input('x0="); x0=0
Y(1) = input('y0="); y0=1200
xf = input('xf='); xf=4800
for i=1:(xf-X(1))/h
y=Y(i);
X=X(i); 1200e¢
k1=subs(f); 1100
y=Y(i)+0.5*k1*h; 000

x=X(i)+0.5*h;
k2=subs(f); 900
y=Y(i)+0.5*k2*h;

x=X(i)+0.5*h; i

k3=subs(f); 700

y=Y(i)+k3*h;

x=X(i)+h; - °

k4=subs(f); 500 N

Y(i+1)=Y(i)+(1/6)* (k1+2*k2+2*k3+k4)*h; 400 IR S

X(i+1)=X(i)+h; ° el ® ° o o o o o
i 300" ' : ; ' ' - : - - -
T Yb) % mumerical solution 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
P AV
grid
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