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Show all work!

Problem 1. 80%. Find the general solution of the system:

x′ =

 −2 1

−5 4

x. (1)

Problem 2. 20%. Draw the phase portrait of the above system.



Solutions

Problem 1. We seek solutions of equation (1) of the form x = ξert, where ξ is a vector
and r is a scalar. Insert this form into the equation and get the following eigenvalue
problem: Find an eigenvector ξ and eigenvalue r such that −2− r 1

−5 4− r

 ξ = 0. (2)

The eigenvalues are found by setting the determinant of the last matrix to zero:∣∣∣∣∣∣ −2− r 1

−5 4− r

∣∣∣∣∣∣ = (−2− r)(4− r) + 5 = r2 − 2r − 3 = 0,

which gives r1 = −1, r2 = 3.
Corresponding eigenvectors can be found as follows:
1. r1 = −1 −2− (−1) 1

−5 4− (−1)

 ξ = 0, ⇒

 −1 1

−5 5

 ξ = 0.

or

−ξ1 + ξ2 = 0, ⇒ ξ(1) =

 1

1

 .

2. r2 = 3  −2− (3) 1

−5 4− (3)

 ξ = 0, ⇒

 −5 1

−5 1

 ξ = 0.

or

−5ξ1 + ξ2 = 0, ⇒ ξ(2) =

 1

5

 .

The general solution of (1) then is

x(t) = C1

 1

1

 e−t + C2

 1

5

 e3t.



Problem 2.


