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1. Changing Coordinates and Systems of Differential Equations

Suppose we have the pair of differential equations (valid for r > 0)
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with initial conditions x; (0) = —1 and x(0) = 3.

(a) Solve for x;(¢) and x;(z) fort > 0.
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Suppose we are actually interested in a different set of variables with the following differential

equations: l
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(b) Write out the above system of differential equations in matrix form. Assuming that the initial state

2(0) = [7 7} " can we solve this system directly?
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(c) Consider that in our frustration with the previous system of differential equations, we start hearing
voices. These voices whisper to us that that we should try the following change of variables:
) o~
21(t) = =y1(t) + 292(r)
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b 22(t) = 2y1(¢) + 392(t). : 5»\:6\&)0"1\?0"\

Write out this transformation in matrix form (7 = V).
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Ca)=-su0+20)  z1(t) = —y1(t) +2y2(0)
%Zz(t) — 621 (1) — 622(1). 22(¢) = 2y1(2) + 3y2(7).

(d) How do the initial conditions for z;(¢) translate into the initial conditions for y;()?
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(e) Rewrite the differential equations in terms of y;(z).
Can we solve this system of differential equations?
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(d)

d

~-21(t) = =521 (1) +222(1) z21(t) = —y1(2) + 2y2(¢)
(1) = 621(1) ~ 622(0). 2(t) = 291() + 3y2(0).
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How do the initial conditions for z;(¢) translate into the initial conditions for y;(¢)?
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(e) Rewrite the differential equations in terms of y;(z).
Can we solve this system of differential equations?
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(f) What are the solutions for z;(¢)?
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