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which is the intersection of the planes b2− 3b1 = 0 and b3− 2b1 = 0; the nullspace contains all

combinations of s1 = (−1/2, 1, 0) and s2 = (−3/2, 0, 1); particular solution xp = (5, 0, 0) and

complete solution xp + c1s1 + c2s2.
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5 Solvable if 2b1 + b2 = b3. Then x =


5b1 − 2b2

b2 − 2b1

0
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.

6 (a) Solvable if b2 = 2b1 and 3b1 − 3b3 + b4 = 0. Then x =

5b1 − 2b3

b3 − 2b1

 (no free variables)

(b) Solvable if b2 = 2b1 and 3b1 − 3b3 + b4 = 0. Then x =


5b1 − 2b3

b3 − 2b1

0

 + x3
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7


1 3 1 b1

3 8 2 b2

2 4 0 b3

 →


1 3 1 b2

0 −1 −1 b2 − 3b1

0 −2 −2 b3 − 2b1

 →

row 3− 2 (row 2) + 4 (row 1)

is the zero row

[ 0 0 0 b3 − 2b2 + 4b1 ]

8 (a) Every b is in the column space: independent rows. (b) Need b3 = 2b2. Row 3−2 row 2 = 0.

9 L[U c ] =


1 0 0

2 1 0

3 −1 1




1 2 3 5 b1

0 0 2 2 b2 − 2b1

0 0 0 0 b3 + b2 − 5b1

 = [ A b ];

xp = (−9, 0, 3, 0) so −9(1, 2, 3) + 3(3, 8, 7) = (0, 6,−6) is exactly Axp = b.

10

1 0 −1

0 1 −1

 x =

2

4

.

11 A 1 by 3 system has at least two free variables.

12 (a) x 1 − x 2 and 0 solve Ax = 0 (b) 2x 1 − 2x 2 solves Ax = 0; 2x 1 − x 2 solves Ax = b.

13 (a) The particular solution xp is always multiplied by 1 (b) Any solution can be the par-

ticular solution (c)
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3 3

 x

y

 =

6

6

. Then

1

1

 is shorter (length
√

2) than

2

0


(d) The “homogeneous” solution in the nullspace is xn = 0 when A is invertible.

14 If column 5 has no pivot, x5 is a free variable. The zero vector is not the only solution to

Ax = 0. If Ax = b has a solution, it has infinitely many solutions.

15 If row 3 of U has no pivot, that is a zero row. Ux = c is solvable only if c3 = 0. Ax = b might

not be solvable, because U may have other zero rows.


