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SOLUTIONS

[5] 1. (a) The augmented matrix is

1 0 4 ]10 FeRer2hy 1 0 4 10
9 1 —5|—5 | PRI 1o 1 13|25
-3 2 6|0 | 0 2 18 | 30
(1 0 4]10] 10 4110
ool g 1 13925 | P22 | g 1 13| 25
0 2 1830 | 00 —8|-20
10 4]10]
Fa275f g 1 13 25
(00 1 g
so then we see that
5
z ==
2
65 15
=25 - 132=25— — = —~
y : 2 2
r=10—42=10—10=0.
€T 0
Thus the unique solution is |y | = —% .
5] (b) The augmented matrix is
1 0 4 10'R 1R'1 0 —4]—10
9 -1 —5|—5 | 2Em 9 1 5| 5
-3 2 6|0 | | 3 2 6|0
GaFar 2R 1 0 —4]-1017 . . 1 0 —4|-10
IR g 1 3 15 | SR g 1 _3]—15
0 2 —6]-30 | |0 2 —6|-30
1 0 —4|-10
RsmBs 2B g ) 3] _15
00 0] 0

Thus the third column is not a pivot column, and we can set
z=1
y=—-154+32=—-15+3t
r=—-10+42=—-10+ 4t



and so

T —10 + 4¢ —10 4
yl = |—-15+3t| = |—-15| +1¢ |3
z t 0 1

This system has an infinite number of solutions.

5] (¢) The augmented matrix is
-1 0 4 —10'R 1R'1 0 —4]10
2 —1 —5| —5 | 9 1 5|5
-3 2 6 0 | -3 2 6|0
RR2§R2_2§}% 1 0 —4] 10 ] " DR [1 0 —4]10
I g g e | XS 01 —3 95
0 2 —6] 30 | | 0 2 —6]30
1 0 —4| 10 ]
famfog2fa 1 g 1 3| 25
00 0 |-20]
and since the last row now implies that 0 = —20, the system must be inconsistent. Hence
there is no solution.
6] (d) The augmented matrix is
3 12 -6 0]-15 Rimli 1 4 -2 0|5
2 8§ —1 3| —4 — 2 § —1 3|4
1 —4 6 4|13 | 1 -4 6 4|13
RR27%R2_2F}% 1 4 -2 0]|-51 Ros 1R 1 4 -2 0]-5
SRR 0 3 36 | 3% o0 1 1) 2
00 4 4,8 | |00 4 4] 8
1 4 -2 0|5
famfogtfe g 0 1 1 2
00 0 0]O0

The second and fourth columns are non-pivot columns, so we let z =t and z = s. Then

y=2—2=2-1
w=-b—4dr+2y=-5—-4s+(4—-2t)=—-1—-4s—2t

and so
w —1—4s—2t -1 —4 -2
T s 0 1 0
gl =1 2=¢ [T l2| T o] Tt
z t 0 0 1

This system has an infinite number of solutions.



7] (e) The augmented matrix is

1 2 1 2| 4 Rfi}f_z(fflgl 1 2 1 2| 4
4 —1 5 0] 2 R fa 21y 0 -9 1 -8|—14
7 -3 5 4|7 — 0 11 12 18| 35
2 0 6 1 —5_ _0 -4 4 -3|-13
L2 1247 T2 1 2| 4]
Row—gR2 | 0 1 —¢ 3| U R (R | 01 —3 7%4 s
119 161
S IL SRSk
i L 9 9 9 4
12 1 2] 4 7 12 1 2 4 ]
Rs—»%Rs | 0 1 _% % % Ri—Ri—32Rs | 0 1 _% % %
|:O O 312 % %%1 - O O L %1487 %97
00 5 5§l 9. 00 0 —15|—3 |
12 1 214
Raim—12Ra | 0 1 —1 & |4
00 1 5|2
00 O 1 |7

Thus

z =

- U T S
Y=17 119" " 17 17

48 1 456 1
rT=— — =2z —_ = - — — — — = —
9 9°"9Y" 79 "9 3

w=4—-2z—y—2x=4-14+34+10=3

and so the unique solution is

N e 8 8
|
o

[7] 2. We need to determine if there is a solution to the equation Ax = b, so we row-reduce the



augmented matrix:

1 -2 -1 -3 1 P 1 -2 -1 -3 1
0 3 5 —1|—-4 Ry—R4—2R; 0 3 5 —1|-4
1 -1 0 —6]| 0 — 0 1 1 -3|-1
2 1 7 -5\ 4 0 5 9 1 2
(1 —2 —1 =3| 1 ] Ras Re—3 s (1 —2 —1 =3| 1 ]
RQ_m;%g 0 1 1 —-3]-1 R4—>R_4;5R2 0 1 1 -3|-1
0 3 5 -—-1|-4 0O 0 2 8 -1
0 5 9 1 2 0 0 4 16| 7
(1 -2 —1 =3| 1 ] 1 -2 -1 =31
R3—>_%>R3 0 1 1 -3|-1 R4—>R_4;4R3 0 1 1 -3]-1
00 1 4]|—3 0 0 1 4]|—3
| 0 0 4 16| 7 | O 0 0 019

Since the last row now implies that 0 = 9, this system of equations must be inconsistent,
and has no solutions. Thus b cannot be written as a linear combination of the columns of

A.

. First we row-reduce the augmented matrix:

L1 a|t] mom-m [11 a 1
1 2 b2 BT L0 1 b—al 1
2 3 0]¢ 01 —2a|c—2
11 a 1
fa2forfe 1 g 1 b—a | 1

Note that we’ve chosen not to write the final pivot as a 1, because we cannot be certain that

—a—b#0.

(a) To obtain a unique solution, we must ensure that all of the columns are pivot columns,
so we need

—a—b#0 or a# —b.

(b) To obtain an infinite number of solutions, we must have at least one non-pivot column.
This can only happen if
—a—b=0 or a=-b.

For consistency, we also need
c—3=0 or c=3.

(c) To obtain an inconsistent system, we must have a row of zeroes on the lefthand side with
a non-zero entry on the righthand side. Thus we must have

—a—b=0 or a=-b

and
c—3#0 or c#3.



