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Question 1.

We consider the function f given by f(x, y, z) = x + y + z − ln(x + 2y + 3z) defined on the set
Df = {(x, y, z) : x + 2y + 3z > 0}.

(a) Find all stationary points of f .
(b) Is f convex? Is it concave?

Question 2.

We consider the matrices A and B, given by

A =

3 4 5
0 2 0
1 3 7

 , B =

0 1 5
1 3 5
1 7 4


(a) Find all eigenvalues of A, and use them to compute det(A) and rkA.
(b) Compute all eigenvectors for A. Is A diagonalizable?
(c) Determine if there are any common eigenvectors for A and B. Show that if x is a common

eigenvector for A and B, then x is also an eigenvector for AB.

Question 3.

We consider the differential equation (x + 1)tẋ + (t + 1)x = 0 with initial condition x(1) = 1.

(a) Show that the differential equation is separable, and use this to find an implicit expression for
x = x(t). In other words, find an equation of the form

F (x, t) = A

that defines x = x(t) implicitly. It is not necessary to solve this equation for x.
(b) Show that the differential equation becomes exact after multiplication with ex+t. Use this to

find an implicit expression for x = x(t). In other words, find an equation of the form

G(x, t) = B

that defines x = x(t) implicitly. It is not necessary to solve this equation for x.



Question 4.

We consider the optimization problem

min 2x2 + y2 + 3z2 subject to

{
x− y + 2z = 3

x + y = 3

(a) Write down the first order conditions for this optimization problem and show that there is
exactly one admissible point that satisfy the first order conditions, the point (x, y, z) = (2, 1, 1).

(b) Use the bordered Hessian at (x, y, z) = (2, 1, 1) to show that this point is a local minimum for
2x2 + y2 + 3z2 among the admissible points. What is the local minimum value?

(c) Prove that (x, y, z) = (2, 1, 1) solves the above optimization problem with equality constraints.
What is the solution of the Kuhn-Tucker problem

min 2x2 + y2 + 3z2 subject to

{
x− y + 2z ≥ 3

x + y ≥ 3

with inequality constraints?
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