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MA 341, Introduction to Differential Equations

Instructor: James Cook
Test II: Systems of linear ODEs
Date: Thursday, November 1, 2007

Directions: Show your work, if you doubt that you've shown enough detail then ask. If you need
additional paper please ask. There are 105 pts to be earned, 5pts are bonus. To begin let me remind
you that

e = M(I 1 t{(A — AT) + %F{A Y %ﬂm o XD )
1. (10pts) Show that if A = a + if and @ = @ + ib then
Re(e™il) = e cos(t)d — e®sin(B)b  and  Im{eMil) = e™ sin(Bt)d + €™ cos(Bt)b.

Notice that we then have found how to extract two real solutions from the complex solution.
I should mention that I assume here that o, 3, @, b are all real, they have no i = /—1.

2. (29pts) Rewrite the following system of differential equations in matrix normal form
¥ =z -2 Y =8z—y.

Now find the general solution using our eigenvalue/eigenvector technique. Finally find the
solution with z(0) = 0 and y(0) = 1 and write out the formulas for z(t) and y(t) seperately.

3. (29pts) Find the eigenvalues, eigenvector and generalized eigenvector of the matrix below

2 1
4= (4 o)
then find the general solution to % = AZ.

4. (29pts) Find the eigenvalues and eigenvectors of the matrix below

100
A=13 20
103

then find the general solution to & = A7.
5. (4pts) Consider the following matrices
g e et —2¢
(L) ()
Are these fundamental matrices? If so are they fundamental matrices of the same system 7

What is the system or systems that these matrices are solution matrices for? If possible find
the explicit form of A for the system(s) (where I have £ = A% in mind).
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6. (4pts) Use the variation of parameters for a 2x2 system & = A7 + f to.derive the formulas
for variation of parameters for the 2nd order system ay” + by’ + cy = g. You may assume that
@ is nonzero. You will need to use the following formula,

5(t) = X(t) j X1(t) fltyat.

also you should assume that g,, 3, are the fundamental solutions of ay"+ by +cy = g. Finally
I found it useful to do the usual exchange x; = y and z, = 3. £
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