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1. (a) Let A be an n× n matrix over real numbers.

• Define an eigenvalue of A.

• Define an eigenvector of A.

• Define an eigenspace of a given eigenvalue (say λ) of A. In the lecture, I usually
denoted this as Vλ.

(b) Consider the matrix

A =

 1 1 3
0 2 2
0 0 5

 .
Determine the characteristic polynomial of A and calculate all the eigenvalues of A.

(c) Determine a basis for the eigenspace belonging to the largest eigenvalue.



2. Consider the matrix

A =

(
1 2
8 1

)
.

Determine the characteristic equation and all the eigenvalues and corresponding eigenspaces
of A.

Use your calculations to diagonalize A, i.e. to find a matrix P such that A = PDP−1

where D is a diagonal matrix.

Answer. P = D =



3. You are given the following vectors in <4.

u1 =


1
1
0
1

 , v2 =


−1

0
2
0

 , u3 =


1
2
1
3

 .

Use the usual inner product.

Answer the following questions.

(a) Find ||u1||, ||u2||.

(b) Find the angle between u1, u2.

(c) Find the projection of u3 in the direction of u2.



4. You are given the following vectors in <3:

v1 =

 1
1
2

 , v2 =

 2
0
−1

 , w =

 1
2
1

 .
Use the usual inner product.

(a) Determine if v1, v2 are orthogonal.

(b) Find the projection of the vector w into the vector space spanned by v1, v2.

(c) Let A be the 3× 2 matrix with columns v1, v2. Using your calculation above, deter-
mine if the equation AX = w has a solution.

Hint: No further calculations are needed.


