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Example 2 Consider the second-order initial-value problem U= ?5;
y' =2y +2y = ¥ sint, forO<t <1, withy©)=—04, y'(0)=-06

Let u;(¢) = y(t) and ua(r) = y'(¢). This transforms the equation into the system
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11(0) = —0.4, uz(0) = —0.6.
The Runge-Kutta fourth-order method will be used to approximate the solution m‘f u =0l
this problem using # = 0.1. The initial conditions give w o = —0.4 and wy o = —0.6,_ m(ﬁ,’ "
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= —0.03152409237,
kay = I [wag+ k2] = —0.06315240924,

and
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kaz = h [0V sin(o +0.1) — 2(wi0 + ka) + 2(wa0 + k3 2)] =

So

and

wi,t = wio+ gkt + 2ka1 + 2Kz + ky p) = —0.4617333423

wa = wa0+ (k12 + 2kan + 2ksz + ky2) = —0.6316312421.

-0.02178637298.

The value w,; approximates #(0.1) = y(0.1) = 0.2¢*®Y(sin0.1 — 2cos0.1), and

wz,1 approximates u3(0.1) = y'(0.1) = 0.2¢*%D(45in 0.1 — 3¢cos0.1).

The set of values w) ; and wy j, for j =0, 1,... , 10, obtained using the Runge-Kutta
method of order four, are presented in Table 5.18 and are compared to the actual values of
ui(t) = 0.2¢¥ (sint — 2cos 1) and ua(t) = i} (1) = 0.2¢* (4sint — 3cost). -

1518

Py =) wy,; Y (t;) = u3(f}) wa,j ly(t;) — w ] ;) — wa ]
~0.40000000 ~0.40000000 —0.6000000 -(0.60000000 0 [
-0.46173297 —0.46173334 —0.6316304 -0.63163124 3.7 % 1077 7.5 % 1077
-0.52555905 -0.52555988 ~0.6401478 —0.64014895 8.3 x 1077 1.01 x 1076
~0.58860005 —0.58860144 -0.6136630 —0.61366381 “1.39 x 10™¢ 8.34 x 1077
~0.64661028 —~0.64661231 —0.5365821 —-(0.53658203 2,03 x 10~° 1.79 x 10~7
-0.69356395 ~0.69356666 ~-(.3887395 -(.38873810 2.71 x 107¢ 5.96 x 107
-(,72114849 -0.72115190 —().1443834 -().14438087 341 x 1078 7.75 x 1077
-0.71814890 ~0.71815295 0.2289917 0.22899702 4.05 x 107¢ 2.03 x 107°
—-0.66970677 —~0.66971133 0.7719815 077199180 4.56 x 10~¢ 5.30 x 1076
-0.55643814 ~().55644290 1.534764 1.5347815 4.76 x 107¢ 9.54 x 1076
-0.35339436 ~0.35339886 2.578741 2.5787663 4.50 x 107 1.34 x 1073
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