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Chapter 5 Initial-value problem
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Runge-Kutta method

A. Order 2

Comparing

y(..) = y(t) +hf [t +a, y(t) + 5]
with

y(t.) = y(t) +hT @[, y(©)l,
where
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Order 3
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B. Order 4
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System of Equations
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dy,
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EX.

yn_2y1+2y:e2t8int, OStSl, y(O):_04’ yr(o):_06

Ans. Set x, =y and x,=Y'.

The system of equations will be X, =e*sint+2x,—2x, and X =X,.

The other Methods

y(t.,)~ W + j:‘“P(t)dt,where P(t) is the interpolating polynomial of

(ty, Wo) yeneny (L, W)

Adams-Bashforth two-step explicit method
wW,=a, W=q,

W =W 13 ) - F 4w, )]+O()

Adams-Bashforth three-step explicit method
wW,=a, W=ao,W, =a,

W =W+ (23 (W) 16T (W) 5 ¢, w1 +O(h")

Adams-Bashforth four-step explicit method
W, =a, W=a,,W,=0a,, Wy=0,

W, =W +2—'11[55f(ti,wi)—59f(ti_l,wi_1>+37f(ti_z,vvi_z)—saf(ti_g,vvi_3>]+o<h5)

y(t.,)~ W + j:‘“P(t)dt,where P(t) is the interpolating polynomial of

(tO’WO) L | (t| ! Wi) and (ti+l’ f (ti+1’ y(ti+1)) .

Adams-Moulton two-step explicit method
wW,=a, W=q,
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W) +8 1 (t,w) - f(t ,,w )]+ 0(h*)
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Adams- Moulton three-step explicit method
wW,=a, W=a,W,=a,

Wi, ) +19F (6, w) =5 f(t,, W)+ f (ti—Z’Wi—Z)]+O(h5)
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Adams- Moulton four-step explicit method
W, =a, W=a,,W,=0a,, Wy=0,

W)+ 646 F (t, )~ 246 f (t,,wi_,) +106 f (t_,,W;_,)
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~19f (t;_5, W;_5)]+O(h")
Milne’s method

W,

i+1

S+ 2 (W)~ (W) + 21 ()] + O(H)
Simpson’s method

W)+ 41 (W) + Tty W, ,)]+O(h?)
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Wiip :\Ni—l+2[f (t

Runge-Kutta-Fehlberg method (order of 5)
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1. The initial-value problem
y' =1+(y/t)+(y/t)*, 1<t<2, y(1)=0 has the exact
solution y(t) =ttan(Int) .

a. Use Euler’s method with h=0.1 to approximate the solution, and
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compare it with the actual values of .
b. Use Taylor’s method of order 2 with h=0.1 to approximate the
solution, and compare it with the actual values of .
2. The system of initial-value problems
, 1. 4
u; =9u, +24u, +5cost —gsmt , u(0)= 3
, 1. 2
u, = —24u, —52u, —9cost +§S|nt , U,(0) =3
has the unique solution
u =28 - +%cost , Uy =—e 427 L eost.

Try h=0.05 and h=0.1 in Runge-Kutta method, and compare their

results with the exact value.



