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B1(a) We are trying to find x1, x2, and x3 such that

1 2 0 —4
1 0 2 —2
X 0 + X2 0 + x3 1 = 9
1 2 1 —6

This is the same as a system of four equations in three unknowns, with aug-
mented matrix

1 2 0|4
1 0 2 |-2
00 —-1] 2
1 2 1 |—-6

To solve this, we will row reduce the augmented matrix:

1 2 0|4 1 2 0]-4
10 2|-2| R—Ry 0 -2 2| 2 (1/2)R,
00 —1| 2 “1lo o -1/ 2 —Rs
1 2 1|-6| R—R, 0 0 1 |-2

1 2 0]-4 1 2 0]-4

0 1 —1|-1 0 1 —1|-1]| Ro+Rs
“lo o0 1]-2 “lo o0 1]-2

00 1 |-2| Ri—Rs 00 010



1 2 0]—-4 Ry — 2R, 1 0 0] 2
01 0|-3 01 0|-3
0 0 1|-2 0 0 1|-2
00 0O 0 0 0| O
From our final RREF matrix, we see that 1 = 2, o = —3, and z3 = —2 is a
solution to our system. As such, we have that
—4 1 2 0
-2 1 0 2
o | T2 o | 30| 2|
—6 1 2 1
B1(b) We are trying to find x;, 22, and x3 such that
1 2 0 6
A R 21 |o
o | ™2 o | ™ 1] |o
1 2 1 3

This is the same as a system of four equations in three unknowns, with aug-
mented matrix

1 2 016
10 210
00 —-1/0
1 2 113

To solve this, we will row reduce the augmented matrix:

1 2 016 1 2 016
10 20| R —Ry 0 -2 2|6 | (1/2)R,
00 —1]0 0 0 —1]0 — Ry
1 2 11|3]| Ri—Ry 0 0 1]|-3

1 2 0] 6 1 2 0] 6

01 —1| 3 01 -1 3
“loo 1]o0 “loo0o 110

00 1 |-3]| Ri—Rs 00 0|-3

At this point, our last row is a bad row, so we know that the system is inconsis-
tent. That is, we know that we will not be able to find x1, o and x3 to satisfy
6

our equations. Thus, is not in SpanB.
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B1(c) We are trying to find 1, 29, and z3 such that

1 2 0 3
1 0 2 -1
Tl | TP o | T S | T 2
1 2 1 1

This is the same as a system of four equations in three unknowns, with aug-
mented matrix

1 2 0 3
1 0 2 |-1
00 —-1] 2
1 2 1 1

To solve this, we will row reduce the augmented matrix:

1 2 0 3 1 2 0 3
1 0 2 |-1 Ry — Ry 0o -2 2 |—4 (1/2)Ry
00 —-1] 2 0o 0 -1/ 2 —R3
1 2 1 1 Ry — Ry 0 0 1 | -2
1 2 0 3 1 2 0 3
01 -1/ 2 01 —-1] 2 Ry + R3
“lo o0 1 ]-2 “lo o 1 |-2
| 0 0 1 |2 R, — R3 0 0 O 0
(1 2 0] 3 Ri — 2R, 1 0 0| 3
0 1 0|0 01 0|0
10 0 1]-2 Tl1o 0 1|2
|00 0] 0 0 0 0| O
From our final RREF matrix, we see that z1 = 3, 9 = 0, and z3 = —2 is a

solution to our system. As such, we have that

3 1 2 0
. 1 0 9
o | =310 | T 0| 2] 1
1 1 9 1

B5(a) To determine whether the given set is linearly independent, we need to
look at the solution to the following homogeneous linear system:

t1 + to = 0
20 + t3 = 0
t1 + 2t3 = 0
tao + 3tg = 0



And in order to find the solution, we need to row reduce the coefficient matrix:

110 1 10

0 2 1 0 2 1| Ryl Ry
10 2| Rs—R, ~ |0 =1 2

01 3 0 1 3

1 1 0 11 0

0 1 3 01 3
10 -1 2| R3+Ry 00 5
_O 2 1 Ry, — 2R, 0 0 -5 Rs+ R3
1 1 0

0 1 3

“1l0 0 5

0 0 0

The last matrix is in row echelon form, and by looking at it we see that the
rank of the coefficient matrix is 3. As this is the same as the number of vectors,
by Lemma 3 our set is linearly independent.

B5(b) To determine whether the given set is linearly independent, we need to
look at the solution to the following homogeneous linear system:

tl + tg + t4 = 0
209 + tg3 — 3ty = 0
t + t3 + tg = 0
t1 + 2t3 = 0
ta — 23 4+ t4 = 0

And in order to find the solution, we need to row reduce the coefficient matrix:

11 0 1 1 1 0 1
02 1 -3 0 2 1 —=3| RylRs
10 1 1| Rg—R, ~|0 -1 1 0
10 2 0| Ry—Ry 0 -1 2 -1
01 -2 1 0 1 -2 1
[ 1 0 1 11 0 1
1 -2 1 01 -2 1
~ ~1 1 0] Rsy+Ry ~|0 0 -1 1
~1 2 -1 | Ry+R, 00 0 0
3| Rs—2R, 00 5 —5| Rs+5Rs
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The last matrix is in row echelon form, and by looking at it we see that the rank
of the coefficient matrix is 3. Since this is less than the number of vectors, we
know that our set is linearly dependent. As such, we must now find all linear
combinations of the vectors that make 0. But that simply means completing
the steps to find the solution to our system.

1 1 0 1 1 1 0 1
01 -2 1 01 -2 1 Ry + 2R3
00 -1 1 —R3 ~[ 0 O 1 -1
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
1 10 1 R — Ry 100 2
01 0 -1 01 0 -1
~(0 0 1 -1 ~10 01 -1
0 0 O 0 0 0 O 0
0 0 O 0 0 0 O 0

Putting the RREF matrix into equations, we have

tq + 2ty = 0
to — ty =0
t3 — ty = 0

and replacing the variable ¢4 with the parameter ¢, we have

2t =

11 0
ta -t =0
=0

_|_

t1 —2t
ta | | —t
ts | = t
tq t
As such, we see that
1 1 0 1
0 2 1 -3
=2t 1 [ —¢t] 0|+t 1]+t 1|,teR
1 0 2 0
0 1 -2 1

is the list of all linear combinations of the vectors that are 0.



