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(Scratch space. Nothing on this page will be graded!)



1. (20 pts) The matrix A with columns �a1, �a2, �a3, �a4 has reduced row echelon form R below.

R =



1 0 2 4
0 1 3 5
0 0 0 0




(a) Find a relation among the vectors �a1, �a2, �a4.

(b) Find a basis for the row space of A.

(c) Find a basis for the column space of A.



(extra space for question from other side)



2. (10 pts) The functions f1, f2, f3 are given below. Decide if this trio is linearly independent.

f1(x) = 3 sin(x) + 1 cos(x) + 2 cos
�
x− π

3

�

f2(x) = 1 sin(x) + 4 cos(x) + 1 cos
�
x− π

3

�

f3(x) = 2 sin(x) + 2 cos(x) + 5 cos
�
x− π

3

�



(extra space for question from other side)



3. (20 pts) Your friend Bob asks you to help him find all possible solutions to the differential equation
below on the interval (0,∞), and he knows somehow that the three functions x, x2, and x3 are
each related to the answer.

x2y�� − 4xy� + 6y = 10x

(a) Bob’s first thought is to try to find roots of the characteristic polynomial. Is this a good
way to start? Explain.

(b) Identify a relevant linear differential operator L and apply it to each of the three functions
given above.

(c) Use the results of the previous part to find the general solution.



(extra space for question from other side)



4. (20 pts) Find a fundamental set of real solutions to the constant coefficient linear differential
equation whose characteristic polynomial is below.

p(λ) = (λ− 4)3(λ2 + 2λ+ 26)2



(extra space for question from other side)



5. (10 pts) Find all of the cube roots (in rectangular form) of 8i.



(extra space for question from other side)



6. (20 pts) Prove that the kernel of a linear transformation T : V → W must be a subspace of V .



(extra space for question from other side)
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