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MAT 101
MATHEMATICS FOR SOCIAL SCIENCES

MATRIX ALGEBRA
Solutions of Selected Problems from Sections 6.1, 6.2, 6.3, 6.4, 6.5 and 6.6

Problems 6.1 (page 231)
Suggested Problems: 1-27

14. The main diagonal is the diagonal extending from the upper left corner to the lower right corner.

a. 1,0,-52

b. x vz

16. If Ais 7 %9, then AT is9 7.

2|
4.
8. AT=[2 4 6 g =| |
6
8]
2 10 T2 -1 0
20. AT =] 1 1| =1 -1 5 1
0 13 1o 13

24. Equating corresponding entries gives 2x = 4,
v=6,z=0,and 3w=7. Thusx=2,v=6,z=0,

Ww=-

-
E .

26. Equating entries in the 3rd row and 3rd column

gives 7 = 8, which is never true, so there is no
solution.
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Problem 6.2 (p. 237)
Suggested Problems: 1-40

[ 2 LT AL 24742 TH(H+T] 11 4]
-6 4| |2 1] |7 2| |-6+(-2)+7 4+1+2| |-1 7]

4 2 6] |34 3D 36 2 -1 3]

! |

4. —{2 10 -12|= %3 %-10 %(—12) =1 5 6|
0 0 8 %_0 %_0 %-8 0 0 4]

6. [? ?] is a matrix and 66 is a number, so the sum is not defined.

F —1} {0 0} [2 —1} [0 0] {2 —1}
8. +3 = + =
7 4 0 of |7 4] |00 [7 4

-1 -6 9 1 -1] [-18 27] [19 -28
2 0 2 6 |2 0 6 18| |—4 -—18
10. -3 = - —|
3 -6 1 =2 3 -6 3 6| |0 0
4 9 4 5 4 9 12 15| |-8 -6
1 0 0 [1 20 4 =2 21y [3 0 0] -3 4 =2
12. 30 1 0o|-31l0 =2 1/-[-3 21 —9||=l0 3 0f-3 3 =23 10
0 0 1 |,\-_0 0o 1[0 1 o]l |00 3 0 -1 1
(3 0 0] [-9 12 -6
=10 3 0|-| 9 —-69 30
00 3 0 -3 3
=12 -12 6
-9 72 =30
0 3 0

16. A—B+C:F_(_6)+(‘2) 1—(—5)+(—1)}{ 6 5}
3-2+(-3) -3-(3)+3] |-

-4 —47 [0 0©
18. O(A+B):O[ H }:0
5 6| [0 0

-6 =31 [-12 -10 6 7
. 3C-2B= - -
-9 9] | 4 6| |[-13 15

1

[
[

24. %A—:’a(B+C):[

w0, @or [t 3 o))" To 37" [0 3
30 (B0 e 2l Tz 3] s -3
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3. [D—ZAT]T:-
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-1 -3]
= 2 2
-15 2]
2x—4y 16
3 =
'_5.\'+'.’1'

s

[3x—28] [-x]

| 6+4y

3x—28=—x, dx=28, orx=7.
6+dy=2y, 2y=-0,0ory=-3.
Thusx =7, v=-3.

:I 21"

2 -1 o] | 10
40. x| 0|+2| O+v| 2|=| 6
2 6 -5| | 2x+12-5y|
2x-2 ] 10
2y = 6

2x+12-5y| |2x+12-5y
2y—2=10,2x=12, or x =6.
Jy=6ory=3.
2x+ 12 — 5y =2x + 12 — 5y, which is true for all
values of x and y. Thus x =6,y = 3.
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Problem 6.3 (p. 248)
Suggested Problems: 1-62

-1 1 L [0+ -2+ 2 6
2. | 0 4 { _4} 0()+4(3) 0(=2)+4(4) [=[12 16
' 1| 2D0+13)  2(=2)+1(4) 5 0

=[1(0)+ 0(1) + 6(2) + 2(3)] = [18]

24. 1310 of0o 0 0 0
|1 o 2Jo 10 1]
[4(3)+2(0)+(-2)(0) 4D+2(0)+(-2D) 4D +2(0)+(-2)(0) 4(0)+2(0)+(-2)(D ]
=| 33)+10(0)+0(0)  3M)+10(0)+0(1)  3(M)+10(0)+0(0)  3(0)+10(0)+0(1) |
13)+0(0)+2(0)  11+00)+2(1)  1D+0O+2(0)  1(0)+0(0)+2(1) |
12 2 4 = )
=933 o0
331 2

[4 2 2]_3 1 1 0]

26. The first matrix is 1 x 2 and the second is 3 x 2, so the product is not defined.

{0 1}[{1 0 1} {0 1 0}} {0 1}{1 1 1}

28. < + =

2 3|11 0] |0 01 2 3fl1 11
_{0(1)+1(1) 0(L)+1(1) 0(1)+1(1)}{1 1 1}

L
243D 2)+31) 2M+3M)]| |5 55

34, |11 @2 anM T apy
Ay ax |[ X2 13 +axxy

-3 __ 2.\'1 — 3.'\'2

>
Rl
36.0 1 = X2
Xa
2 1 - 2.".'14—.\'2
B : N
3 3 0 0|1 0 O 1 0 0
JZ.FE(D—I)ZO%OOGO o 1 1|—-10 1 0
00l003.\]2] 0 0 1})
L 3 - ’
[1 0 0o 0 0
=0 1 0)j0 0 1
_001_120
—T0 0 0]
0 0 1
_]20_
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[ 1)

2 30 240+0 -2+9+0] [1 =212 7
44. A(BC)=A/ 0 3/l=A =

o1 - —140+2 1-12+4| |0 3|1 -7

[2-2 74147 [0 21
lo+3 0-21] |3 -21

10_l - 1 -1 0
46. ATa={-1 1 }:—1 2
0 11
0 1| 0 1
o0 2 00 20
48. AB")Y’c=A| 0 -1 0/ 0 -1 0/C
-1 0 2J-1 0 2
F o 2 o
=Al 0 1 0lC
2 2 4]
_ 2 0
1 -1 0
= }0 1 o|C
0 1 1
L 2 -2 4
_ 1 0
0 -3 0
= 2 -1
2 -1 4
- 0 1
(-6 3
|4 s
M1 s 4o 2 40
50 AT(ECT):—II{ }:—z -6 2
0 2 2
01 0 2 2
(To o =1MT To o 2" [o 4 0
52. 2B =422 -1 o|} =4 =2 o = 0 -2 0
Lo o 2| [0 o 4 2 0 4

58. BZ-3B+21I

(0 o —1l[o o0 -1 0 0 -1 1 00
=2 -1 0 -1 0[-3/2 -1 0[+2/0 1 0
0 0 20 0o 2 0 0 2 00 1
[0 0 =270 0 =372 0 0
=2 1 —2(-|6 =3 0/+/0 2 0
00 4/ [0 0 6] |00 2
o o0 17200 20 1
=|-8 4 2{+/0 2 0/=|-8 6 2
| 00 2] |0 0 2 00 0
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Problem 6.4 (p. 257)
Suggested Problems: 1-26

(]

6. The first nonzero entry of row 2 is to the letft of
the first nonzero entry of row 1, hence not
reduced.

g [0 302 RyoRy 1 502

1 5 0 2 0 -3 0 2
1
=R 150 2
lo 10 -3
16
—5R> +Rg {1 0 0 7}
—
_2
010 -3
203 1 6] oR,+Rr, [l —6
10. 1 -6 RIHRE_:::. 2 3 —4R1+R3 0 15
4 8 " |4 8| -Ry+Ry |0 32
1 7 1 7 0 13
0 2 2 0 3 1
1
B |2 0 3 Rl-(—)R2> 0o 0 2 ERI 0
0 -1 0 0 -1 0 0 -1
0 4 1 0 4 1 0
10 3 10 3
- ~ 4
R, |0 1 0|-4Ry+Ry |0 1 0|2R3
00 2 00 2
0 4 1 0 0 1
1 -3 |-11 1 -3]-11 I =3
14. — —>
4 3 9 0 15| 353 0 1
2 53
Thus x=——_, v=—.
5 15

1 2 -3
16. {

Reduced.

In row 2, the first nonzero entry is in column 2,
but not all other entries in column 2 are zeros,
hence not reduced.

0 1 2 -3
_>
1 o0 0

|

2 4 6

(= = =

1 I —6|6R, +Ry
iR |0 1132Ry+R3
0 32|-13R,+Ry4
0 13
: L0 3
2R R 10 -1 0
0 0 0 2
1 0 1
1o 3 3 1
0 1 o|3Rs*R |0
0 0 1] -R3+Ry |0
0 1 0
—11 1 0 —%
3| 53

The last row indicates that O = 1, which is never true. There is no solution.

(== TN

o O = O
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1320 1] [t o321 [t3 2] 1] |10 F
18. 5 — — 3 9 | 3
1 1 5(10 0 -2 3|9 01 —5|-5 0]_5
13 29 3
Thus x =——7r+—. y=—r——. z=r, where r is any real number.
2 2 2
1 4]|9] 1 4 9
20. |13 -1|6(—=|0 -13|-21
1 -1|2] [0 -5| =7
- 33
1 4] 9 L 043
21 21
5| -7 14
- 00 13
33
OIS 1100
-0 1|50 10
0 0| 1 0 01

The last row indicates that 0 = 1, which is never true.

1 I -1| 7 1 1
22, |2 3 2| 4|=|0 -5
1 -1 -5|23 0 -2
1 0 -1 5 1 0
=0 1 0 2|—=]0 1
0 0 —4/|20 0 0
Thusx=0,y=2 z=-5.
I 0 3]|-1 1 0 3
24, 3 2 11| 1 R o 2 2
1 4] 1 0o 1 1
2 -3 3|-8 0 -3 -3
Thusx=-3r—1, y=—r+2,2=1
1 1 1 -1]|0 1 1
2. 1 -1 -1 1 0} R 0o -2 -2
1 1 -1 -1]|0 0o 0 -2
1 1 -1 1]0 0o 0 -2
11 1 -1]0 1 0 0
01 0 0)0 0 1 0
- 00 1 00 %{0 0 1
0 0 0 0 0 0 0
Thus x3 =0. xp =0, x3 =0, x4 =0.

===

2
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-10

| S I T ]
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0
0

[=T =T =

1
0
0

L R R

1
1
-2

—_— = =

There is no solution.

-1
0
-4

0

", where r is any real number.
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Problem 6.5 (p. 263)
Suggested Problems: 1-24

2 1 10 15| =5 1 =5 2 15| -10
1 =5 2 15]|-10—={2 1 10 15| -5
1 1 6 12 9 1 1 6 12 9
1 -5 2 15|-10] [l -5 2 -10

_ 6 _15| 15

—0 11 6 -15 I5{—10 1 i 1 T
0 64 3|19 o 6 4 -3| 19
I s %0 |_357 T 2 %0|_3

Lo 1 11| 1n Lo 11 11 11
6 _15| 15 6 _15 15
s B vl B vl e A vl vl M ¥
8 37 119 37 119
00 5wl (00 b g%
B 51 14777
L oo —3|-7%
21 27
—| 0 1 0 —T —T
1 27| 19
L 8 g |
51 147 21 27 57 119
Thus, w=—r——, X=—7r——. ¥=——7+—— Z =7 (where r is any real number).
2 2 4 4 8 8

(1 1 0 5]1 1 1 0 501 1 1 0 501 1 0 1 2|1

1 0 1 211 0 -1 I 3|0 0 1 -1 310 01 -1 3|0
— — —
1 -3 4 7|1 0 -4 4 -1210 0 -4 4 -121|0 00 0 010

0 1 -1 3]0 0 1 -1 3|0 0o 1 -1 3|0 00 0 010

Thus, w=—r—2s+ 1 x=r—3s, v=r, 2 =5 (where r and s are any real numbers).

T 11 4] [1 11 2| 4] [1r 11 2] 4] [1 0 1 03]
2 2 7 0o -1 0 -2]-1 0 1 0 2 1 0O 1 0 271
1 21 4|5|=]0 1 0 2 1| —10 1 0 2 I/—|(0 0 0 010
3 2 3 4|7 0 -5 0 -10|-5 0 -5 0 -10|-5 0O 0 0 0|0

14 34 6|9 [0 -7 0 —-14|-T7] o -7 0 -14|-7] [0 0 0 0|0

Thus, w=—r+ 3, x=-2s5s+ 1, v=r, 2 =5 (where r and s are any real numbers).

1 0 3 1 4 1 1 0 3 1 4| 1 1 0 3 1 4] 1
0 1 -2 0 0 1 1 =2 0 1 1 2 0| 0

— —

2 -2 3 10 15|10 0o -2 -3 8 7 0 -1 4 7| 8

1 23 -2 2|2 0o 2 0 -3 -2|(-3 0 -2 1 =2 (-3
(10 30 2|-22] [1 00 0 -3B|-2]

1 0 3 1 1 7 7 7 7
011 of [0 1 102} &g 300 UL L8

—5 — —

0014 798 oo 10 B B 1oo0o10 L
_0 0 0 1 71 7] _0 0 0 1 = 7]
72 33 18 17 20 15 19

Thus vy =——+—71. 8y =———7. 33 = ———7. 5y = ———7r. and x5 =7. where r is any real number.
7 -7 707 )

7 7 7
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Problem 6.6 (p. 269)
Suggested Problems: 1-34

, [2 4]1 0] |1 2({3 0
p — -
3 6|10 1 130%

1 3
+ 3|10 1 2|4 o0 10
R N 5 _{ ‘
0—%01 0 1]0 -6 01
) 14 9
The inverse is
0 -6
208|100 1 o4l oo
6. |-1 4 0|0 1 0|—=|-1 4 0O 1 0
21 0]0 0 1 21 0 0 1
(10 4] 1 0 o0 10 4|1
2 2
1 1
—»044210—>0118
01 -8|-1 0 1 0 1 -8 |-1
i 1 1
104700 1011rj
11 1
_g |92 _1 1
_009841 0018
i 1 4
1000—§§
2 1
—»010033
1 1 _1
_OOlggg
_1 4
0 -5 39
2 1
The inverse is | 0 o 5 |-
1 1 _1
8 36 9
1 2 -1|1 0 0 1 2 -1] 100
12. |0 1 4]0 0l={0 1 4|/ 0 1 0
1 -1 1 0 -3 3|-1 0 1
10 9] 1 20 1 0 -9 1 -2
S{01 4|0 1 0/=>l0 1 4| 0 1
00 15/-1 3 1 o0 1l-L1 1
15 5

The inverse is

|
—
Lnl"‘ Ln|4-“ wnfus

— —
th'_‘ th‘* il
[ T Sy

1
3 0
11
2 3
4
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=
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32. The coefficient matrix is not invertible. The method of reduction yields

1 3 3|7 1 3 3 7
2 41—=|10 -5 -5|-10
1 3 0o -2 2| 4

Thus, x=1.y=—r+2.z=r.

-

—_ =
—_ = L

_)

1
0
0

"

3

1
-2

3

1

-2

-
-

-1

1 00

-0 1 1

0 0 0

= i

Gl ol— Ol

2 3 1|1 0 0 1 2 1{fo 1 0 1 2 110 1 0
14 1 2 101 0/—>|1 1 =3|/00 -1|—0 -1 4]0 -1 -1
-1 -1 3|0 0 1 2 3 -1|1 0 0O 0 -1 -3|1 =2 0
1 2 10 1 0 1 2 1|0 1 0 1 2 0]-1 2 -1
-0 1 4]0 1 1{—|0 1 4(0 1 1li—»|0 1 0|4 5 =3
0 -1 -3|1 -2 0 00 1{1 -1 1 00 1] 1 -1 1
7T -8 5
The inverseis | -4 5 =3
1 -1 1
1 0 1110 9
X _
20. X:{ 1}:.4 IB=|0 3 0| 2/=| 6|=>x=9.v,=613=16
X
2 2 0 4||-1] |16
1 1 3 _
1 0 1 21 0 L 250 L 01
22. — 2 — - —
-1 0 1 1 3 1 1
1 3]0 1 0 5 > 1 0 1 10
3 2 5 23
0 5 3 10 23 1
=Alg=|1 > =0 oy==2 v=—
1 1il-2 1 10 10
10 5 10
2 1
3211 0 1 21 o = 7 0 1 o 3 2
24, [ }—> 33 - 33 - g -
4 3]0 1 4 3|0 1 0 1|31 0 3|3 1
x 1 3 2][26] [4
=ATB= = =Sx=4y=7
v -4 3|[37] |7
26. The coefficient matrix is not invertible. The method of reduction yields
2 6|8] 1 3]4] [1 3| 4
— - .
3 9(7] 7|3 9]7] [0 0]-5
Second row indicates 0 = =5, which is never true, so there is no solution.
2 0 8/1 0 0 1 -4 0|0 -1 0
30. |-1 4 0|0 1 0|—|2 0 8|1 0 0
2 1 0j0 0 1 2 1 0j]0 0 1
[1 -4 0]0 -1 0 I 4010 -10
—|0 8 8|1 2 0/»0 1 1]+ L0
0 2 040 21 0 9 0/0 21
B 1 1 _1
1 0 4 2 0 0 1 0 4 2 0 0 1 0 00 5
1 1 11 2
—(0 1 1 3 y 0l—=10 1 1 T 7 0f—{0 1 0|0 5
-9 _1 1 1 _1 1 1L
¢ "1 ! 00 1135 3% 9 00 1]y 3
_1 4
x 0 =5 397 o
, 21 _
3 o 2 1is6|=|9
z 11 _1]9] |1
8 36 09
Thus, x=0,yv=9,z=1.
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