4- Runge-Kutta Methods
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Yirr= Yi+ 2 [F 06, Y+ Oth, yi+ 0 O, )] (6)
=i +%[k1 + k]
where k, = hf(x;,y;) and k,=hf(x;+h,y;+k;)
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Vi =Y, +%(k1 +2k, + 2k, +k,) (7)
where k, =hf(x;,y,)

k, =hf(x, +1h,y, +1k,)

ky =hf(x; +3h,y; +35k;)

k, =hf(x, +h,y, +k,)

The local truncation error of RK-4 method is O(h°).

Example (7): Use RK-2 method to obtain the numerical solution y(1.01) and
y(1.02) of the initial value problem

ﬂ:1+ yo+x3, y)=-4

dx




Solution :

h=0.01,x,=1 y,=—4,f(x,y)=1+y* +x°
x, =101, y, =Y, +g(kl +k,)=-3.8254
k, = f(x,y,)=0+y,’ +x°)=16.66

k, = f(x, +h,y, +kh)=(1+(y, +0.1666)° +(x, +.01)*) =15.45

Y, =Y, +g(k1 +k,)=-3.8254+ 0'701(16.66+15.45) = -3.6648

Example (8): Solve the I.V.P.
y'=x-y, y(0)=1

By using RK-4 method at the points x=0.1,0.2,0.3,0.4

Solution:

f(XY)=x-y , %=0, yo=1, h=0.1

Yia =Yi +%(k1 + 2K, + 2K, +k4)
where k, =hf(x.,V.)
kz :hf(xi +%h’yi +%k1)
k3 :hf(xi +%h’Yi +%k2)
k, =hf(x. +h,y, +k;)

K, = hf (x,,Y,) = 0.100—1) = 0.1

K, = hf(X, +3h,y, +2k,) =0.1f (0.05,1+%(—o.1)) = 0.1(0.05-0.95) = —0.09

K, = hf (X, +1h, y, + k,) = -0.0905
k, = hf(x, +h,y, +k;) =—0.08095

Y, = Yo +%(kl +2Kk, + 2k, +k, )=0.909675




Also
y,=0.837461
y3=0.781636

y,=0.7406405

Runge-Kutta Method Algorithm of order four

Input: n, Xo, Yo, f(X,y)
Step(1): compute h = bn;a
Step(2): For i=1,2,...,n

Step(3): Find

ki =hf (X1, i)

k, =hf(x_, +%h, Yia +%k1)
ky =hf(x, +%h, Yia +%k2)
kK, =hf (X + 0y, +ky)

Step(4): Evaluate y, =y, , +%(k1 +2k, + 2k, +Kk, )

Xi+1= Xi + h

Step(5): Print x; and y; forall i, then stop.




