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1. (3 points)

A =


1 0 4 0 4

0 1 2 0 −4

0 0 0 1 −5

0 0 0 0 0


(a) Is the matrix in row echelon form? Yes.

(b) Is the matrix in reduced row echelon form? Yes.

(c) If this matrix were the augmented matrix for a system of linear equations, would the system be inconsistent,
dependent, or independent? Dependent.

2. Consider the following Gauss-Jordan reduction:3 1 0

1 0 0

0 0 1


︸ ︷︷ ︸

A

E1−−→

1 0 0

3 1 0

0 0 1


︸ ︷︷ ︸

E1A

E2−−→

1 0 0

0 1 0

0 0 1


︸ ︷︷ ︸
E2E1A=I

= I.

(a) (2 points) Find E1, E2.

E1 =

0 1 0

1 0 0

0 0 1

 , E2 =

 1 0 0

−3 1 0

0 0 1


(b) (1 point) Write A as a product A = E−1

1 E−1
2 of elementary matrices:

A = E−1
1 E−1

2 =

0 1 0

1 0 0

0 0 1


1 0 0

3 1 0

0 0 1

 .
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3. (a) (2 points) Find the inverse of the matrix.

A =

 4 −12 11

−2 7 −7

1 −3 3


 4 −12 11 1 0 0

−2 7 −7 0 1 0

1 −3 3 0 0 1

 R3↔R1−−−−−→

 1 −3 3 0 0 1

−2 7 −7 0 1 0

4 −12 11 1 0 0


R2+2R1→R2
R3−4R1→R3−−−−−−−−→

 1 −3 3 0 0 1

0 1 −1 0 1 2

0 0 −1 1 0 −4

 −R3→R3−−−−−−→

 1 −3 3 0 0 1

0 1 −1 0 1 2

0 0 1 −1 0 4


R1−3R3→R1
R2+R3→R2−−−−−−−−→

 1 −3 0 3 0 −11

0 1 0 −1 1 6

0 0 1 −1 0 4

 R1+3R2→R1−−−−−−−−→

 1 0 0 0 3 7

0 1 0 −1 1 6

0 0 1 −1 0 4


Hence,

A−1 =

 0 3 7

−1 1 6

−1 0 4

 .

(b) (2 points) Use the answer from part (a) to solve the linear system
4x1 − 12x2 + 11x3 = −1,

−2x1 + 7x2 − 7x3 = 5,

x1 − 3x2 + 3x3 = −2.

The given system can be written in the matrix form

Ax = b,

where

A =

 4 −12 11

−2 7 −7

1 −3 3

 , x =

x1

x2

x3

 , b =

−1

5

−2

 .

Since we have already computed the inverse matrix A−1, we multiply both sides of Ax = b by A−1 from the left
to write A−1Ax = A−1b. Hence,

x = A−1b.

Using

A−1 =

 0 3 7

−1 1 6

−1 0 4

 ,

we obtain x1

x2

x3

 =

 0 3 7

−1 1 6

−1 0 4


−1

5

−2

 .

Now compute the matrix-vector product:x1

x2

x3

 =

 0(−1) + 3(5) + 7(−2)

(−1)(−1) + 1(5) + 6(−2)

(−1)(−1) + 0(5) + 4(−2)

 =

 1

−6

−7

 .
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Therefore, the solution of the system is

x1 = 1, x2 = −6, x3 = −7.

4. (2 points) Express the vector v⃗ =

[
8

17

]
as a linear combination of x⃗ =

[
4

5

]
and y⃗ =

[
−1

−3

]
.

We seek scalars a and b such that

v⃗ = ax⃗+ by⃗ = a

[
4

5

]
+ b

[
−1

−3

]
.

This gives the system [
8

17

]
=

[
4a− b

5a− 3b

]
,

so that {
4a− b = 8,

5a− 3b = 17.

From the first equation,
b = 4a− 8.

Substituting this into the second equation, we get

5a− 3(4a− 8) = 17.

Simplifying,
5a− 12a+ 24 = 17,

−7a = −7,

a = 1.

Then
b = 4(1)− 8 = −4.

Therefore,
v⃗ = 1x⃗− 4y⃗.

Hence, the required linear combination is [
8

17

]
=

[
4

5

]
− 4

[
−1

−3

]
.


