
Matrix Exponentials

Name: Unique ID:

Problem 1. Suppose that A is idempotent. Prove that exp(At) = I + (et − 1)A.

Problem 2. Calculate exp(At) for A =

[
−35 −42
30 36

]
by using the result from the previous problem.



Problem 3. Suppose that P is projection in R2 onto the line y = x. Calculate lim
t→∞

u(t) where u(t) is the

solution u(t) to the initial value problem u′ = −Pu with u(0) =
[
3 1

]⊺
.



Problem 4. A rabbit population r shows fast growth but is vulnerable to a wolf population w. This
predator-prey model is exhibited by the initial value problem

r′ = 6 r − 2w w′ = 2 r + w r(0) = 30 w(0) = 30

What are the populations at time t? After a long time, what is the ratio of rabbits to wolves?



Problem 5. Calculate exp(At) for A =

[
−3 2
−1 −1

]
.

Hint. Finishing this problem requires patience, organization, and discipline. It may help to take advantage

of the observations e(a−bi)t = e(a+bi)t and z − z = 2iℑ(z). Use the space on the next page if you need more
room to show your work.



Use the space on this page to finish your solution to Problem 5. This page must be uploaded to gradescope

(even if you leave it blank).


