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MA 341-004, Introduction to Differential Equations

Instructor: James Cook
Test III: Systems of ODEs
Date: Wednesday, June 20, 2007

Directions: Show your work, if you doubt that you've shown enough detail then ask.
1. Find the eigenvalues and eigenvectors of the matrix below
%Fh)

100
A=12 3 1
02 4

then find the general solution to & = AZ.

2. (10pts) Suppose that 3" + 2y’ + by = . Restate this second order differential equation as a
system of two first order differential equations. Then write the system as a matrix differential
equation. For 1pt show that the auxillary and characteristic equations are the same for this
example.

3. (10 pts) Show that &, = X is a solution to & = A7 + f if,

50 =X() [ X O f 0

Here we assume X is a fundamental matrix for the system.

4. 5) Solve % = Az + f given that
opts) 0 1 = (1
=G 7=0)
—1 0 0
5. (20pts) Suppose that A is a 5x5 matrix such that det(A—AI) = (A—1)*(A—3)?. Furthermore,
suppose that :

(A—Ihp=0 and (A-=Dux=0
where 3, 47 are nontrivial and linearly independent. Next suppose that,
(A-3Dw =0 and (A—3Nuw=us and (A—3D)0; =1
where 13, 13, U3 are all nontrivial. Given all this data calculate the general solution to % = AT

in terms of the given vectors. You may use the formula on the board without proof. However,
you should certainly show your work.

6. (BONUS 5pts) Suppose that A = a + 179 (a, 8 € R) is a complex eigenvalue of a matrix A.
Furthermore suppose that we have two nontrivial complex vectors 4 and 4 such that
(A=ADw; =0 (A — ANz = .
Derive the four real solutions that follow from this data. Use the notation u} = 4; + iby and
1y = dp + iby where aj, b; are real vectors.
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