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5.9 Problems
Problem 1. UUse the Runge-Kutta method for systems to approzimate the solutions of the following system
of first-order differential equations and compare the results to the actual solutions.

u) = —duy —2uy + cos(t) + 4sin(t), uhy = Juy +ua —3sinft), w1 (0) =0, w2(0) = -1, 0<t <2 h= 1.

Actual solutions ui(t) = 2e™ — 2e™2 4 sin(t) and us(t) = —3e~t + 2~
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5.10 Problems

Problem 2. Show that if the initial value problem y' = f(t.y), a <t < b, yla) = a is epprorimated by 32. The Runge-Kutta method of order four can be written in the form
a one-step difference method: wy = a. wyyy = w; + hp(t wi, h). And there exists hy > 0 and o(t, w, h)
continuous and Lipschitz in the w variable with Lipschitz constant L on T

n=u,

D={{twhllagt<b—0<w<oo,0Lh<h} % &
Wipt = w; + — flli, wi) + = f(G + arh, w; + 8 hf (5, wi))
then there exists a constant K > 0 such that 6 3
h b o
Jui — v < Kup — v 1 ;\] (1 +axh, w; + &hf U+ b wi + yhf G, w)))

for each 1 < i £ N whenever {u;}, and {v}Y, satisfy the difference equation wiyy = w; + hip(ti, wy, b)

k
1 ; S 4 ash, wi + 830f (1 + yah, wi + yshf (G + veh, wi + yhf (G, w))).
h

Find the values of the constants

oy, @3, o3, &1, 82, 83, V3. V3. Va, V5. Ve, and

W, -y, \= |c_£0+ ke o o) = Yo — L@ (64ok) \
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Problem 4. Given the multistep method Problem 3. Show that Runge-Kutta method of order four is consistent using the results of exercise 32 in
I 3 1 section 5.4.
Wiy = — W + Jw,;_y — 5Wi-2 + 3hf(t;.w;)

Jori=2,... N —1, with starting values wo, wy, ws. (a) Find the local truncation error. (b} comment on

consistency, stability. and convergence.
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