USING TECHNOLOGY EXERCISES 2.4, page 113

15 3875 -675 3375 [—52.08 2688 —11.76 10.08
1. 5125 40 525 -3875| 2. |-2604 -22.68 1008 -14.28
2125 35 —65 105 |-1008 1176 1428 -2352
-5 63 -68 39 5 63 68 -39
3. 1 05 54 -48 4, |-1 -05 -54 48
05 42 -35 56 -05 42 35 -56
(1644 -365 366 063 [—8.02 1195 -1372 771
5. 1277 10.64 258 0.05| 6. 334 213 1086 -94
| 509 028 -1084 17.64 | 153 826 803 1288
222 -03 -12 4.5 —~12.142 26.091 -32.968 17.979
7. 21.6 17.7 9 42 8. | 12.584 8.983 25974 -21.606
8.7 42 -20.7 33.6 5473 19.11 -22.633 36.4

2.5 CONCEPT QUESTIONS, page 120

1. Scalar multiplication involves multiplying a matrix A by a scalar C (result: CA);
whereas matrix multiplication involves the product of two matrices.
Example:

1 2 36 2 1|1 3 2 3 10 7
3 = and = .
2 3 6 9 3 0|1 4 3 3 9 6
2. a. Both matrices must be square with the same size.
b. The number of columns of A must be equal to the number of rows of C.

EXERCISES 2.5, page 120

1. (2% 3)(3%x5) soABhasorder2 x 5.
T

(3 x5)(2 x3) soBAisnot defined.

T
+

2.5 Multiplication of Matrices 142



2. (3x4)(@4x3)
Tj
(4x3)(3x4)
Tj
3. (Ix7)(Tx1)
Tj
(7x1)(1x7)
(O
4. (4x4)(4 x4
(O
(4x4)(@4x4)
Tj
5.
6.
nxn.
1 ?[f
7. =
3 0] -1]
3 1 2]
9.
-1 2 4

so AB has order 3 x 3.

so BA has order 4 x 4.

so AB has order 1 x 1.

so BA has order 7 x 7.

so AB has order 4 x 4.

so BA has order 4 x 4.

-1 [—1
8.
[ 3} . 5
4 3
9
! [ } 0. | 4
-10
-5
4 -2 !
= 12.
[ 5l el
143

If AB and BA are defined thenn=sand m=t.

3
0

A must be a square matrix. Then the order of A is n x n so that the order of A” is also

71 [-1

2] |35

2 -1 3 5
0f-2|=| 14

2 1] o] [-19
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_ I-1 2
2
13. 4 3|=
2 4
- 40 1
s (0.1 09][12 04
~ (02 0.8]/05 2.1
6 12 0302 06
"~ |04 05]04 -05
6 =3 0of1 o
17. |-2 1 -8[0 1
4 -4 9]0 0
2 4
2 =2
18. |-1 -5
1 3
3 -1
2
30 =2 1]-1
19.
1 2 0 -1/ 0
-1
2
2 1—301
20. 4 -2 -1 3
-1 2 01
0
1 =2 of1 3
21. 42 -1 1|1 4
30 —1[0 1

2.5 Multiplication of Matrices

0.1(1.2)+0.9(0.5)  0.1(0.4)+0.92.1)] [057
0.2(1.2)+0.8(0.5) 0.2(0.4)+0.8(2.1)| | 0.64

[036
1028

-1 2 4 3 6
1 2
=117 10 20
2 4
3 2 4

1.93
1.76

057
-0.01]

13

N

4 20 4

=l 4 12 0

12 32 20
144



22.

23.

24.

25.

26.

[98)
[\
—
[\
98]
|
(98]
S
Il
N
[—,
—
()]
(e

3 2 1|1 0 Offj1 2 O 3 2 1|1 2 O
210 1 30 1 0}j0 -1 -2{=2|/0 1 3|0 -1 -2
2 0 3(0 0 1|1 3 1 2 0 31 3 1
2 1 -5 4 2 -10
=23 8 1| =| 6 16 2.
5 13 3 10 26 6

To verify the associative law for matrix multiplication, we will show that
(AB)C = A(BC).
1 0 243 1 0 1 7 2
AB=| I -3 212 2 O0|=(-1 -11 -2
-2 1 1|1 -3 -1 -3 -3 -1
1 7 22 -1 0
(AB)C=|-1 —-11 2|1 -1 2(=(-19 16 -24
-3 -3 1|3 2 1
1 02 -1 O 7 -4 2
BC=|2 2 01 -1 2|=| 6 -4 4
1 -3 13 -2 1 -4 4 -7
1 0 =2| 7 4 2 15 -12 16
ABC)=| 1 -3 2| 6 4 4|=-19 16 -24]|.
-2 1 1|4 4 -7 —-12 g8 7

To verify the distributive law for matrix multiplication , we will show that
AB+C)=AB+AC.
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AB+C)=| 1 =3 23 1 2|=| 4 -13 -6

AB+AC=|-1 -1l 2|+ 5§ -2 —4|=| 4 -13 -6

1 22 1 10 7
3 4|4 3 22 15

2 171 2] [5 8
BA= -
{4 33 4} [13 20}

Therefore, AB # BA and matrix multiplication is not commutative.

0 3 0|2 4 5 9 -3 -18
28. a. AB=|1 0 1|3 -1 -6|=|6 7 9
0 2 0|4 3 4 6 -2 -12
0 3 0|4 5 6 9 -3 -18
b. AC=/1 0 1|3 -1 -6|=l6 7 91.
0 2 0|2 2 3 6 2 -12

c. From the results of (a) and (b), we see that AB = AC does not imply thatB = C.

s ool als o o

AB = 0, but neither A nor B is the zero matrix. Therefore, AB = 0, does not imply that
A or B is the zero matrix.

L R B P
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31.

32.

33.

Thus, for matrices, A* = 0 does not imply A= 0. Ifa*= 0, where a is a real number,
then a = 0.

a by 10 a-b 3b -1 -3

{c d}[—l 3}:{c—d 3d}:[ 3 6}

Then 3b=-3, andb=-1
3d=6, andd=2
a-b=-1,anda=b-1=-2.

c-d=3, andc=d+3=5

-2 -1
Therefore, A = .
5 2

L, [7 -7 1] [47 -10
a.(A+B)’ = _ .
2 312 3 20 7
i o9 5] [28 -10] [12 —10] [49 -15
b.A"+2AB+B° = + + = .
0 4 8 4 10 -3 18 5
c. From the results of (a) and (b), we see that, in general, (A+ B)* # A +2AB + B>,
2 5 2 4
AT = and (AT)" = =A
4 -6 5 -6
S [e6 12] [6 -2
(A+B) = -
2 3| |1z =3
T2 S|4 7] [6 2
A +B = + =
4 6| |8 3| |12 -3
2 4| 4 8 =20 28 + |20 62
AB = _ . so (AB) = .
5 -6|-7 3 62 22 28 22

- [4 —7}{2 5} {—20 62} .
BTA" = = =(AB)
8 3|4 -6 28 22
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) 13
34, a AT:[3 J and (AT)T:[ }:A.

T 9 -8
SO (AB) 2[_10 10}.

BTA" = = = (AB)".
4 2(3 -1 |-10 10

35. The given system of linear equations can be represented by the matrix equation
AX =B, where

o el

36. The given system of linear equations can be represented by the matrix equation
AX =B, where

T Yefpmefi

37. The given system of linear equations can be represented by the matrix equation

AX =B, where
2 -3 4
A=|0 2 3|, X=|y|, B=|7
1 -1 2 z 4
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38.

39.

40.

41.

42.

The given system of linear equations can be represented by the matrix equation
AX =B, where

1 2 3 X -1
A=|3 4 2| X=|y|, B=| 1|
2 -3 7 z 6

The given system of linear equations can be represented by the matrix equation
AX = B, where

-1 1 1 X,
A=| 2 -1 -1|, X=|x,|, B=[2
3 2 4 X,

The given system of linear equations can be represented by the matrix equation
AX =B, where

3 -5 4 X, 10

A=| 4 2 3| X=|x| B=|-12

-1 0 1 X, )
54

{200 300 100 200} 48 [51,400}
a. = =

100 200 400 0] 98| |54,200
82

b. The first entry shows that William's total stockholdings are $51,400, while
the second entry shows that Michael's stockholdings are $54,200.

a. baht rupiahs  ringgits  S. dollars

A=[1200 80000 42 36]

0.03

baht
0.00011 | pypiahs
0.294 ringgits
0.656 S. dollars
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c. He will have

0.03
0.00011
AB=[1200 80000 42 36] =80.764, or $80.76.
0.294
0.656
43. a. N S D R

Krones Krones Krones  Rubles

A 82 68 62 1200} Kaitlin

64 74 44 1600

Emma

[0.1651
0.1462
0.1811
0.0387

YV ogownw =z

0.1651 | N
82 68 62 1200 | 0.1462 S
{64 74 44 1600} 0.1811 (D
0.0387 |R

~ {81.148 }Kaitlin

91.2736 | Emma

So Kaitlin will have $81.15 and Emma will have $91.27.

44.  The column vector that represents the profit for each type of house is

20,000
22,000

25,000 |
30,000
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The column vector that gives the total profit for Bond Brothers is

20,000
60 80 120 40
22,000
AB=[20 30 60 10
25,000
10 15 30 5
30,000
7,160,000
=12,860,000 |.
1,430,000

Therefore, Bond Brothers expects to make $7,160,000 in New York, $2,860,000 in
Connecticut, and $1,430,000 in Massachusetts, and the total profit is $11,450,000.

45.
0.78

B=[0.88
0.80

182 282 405/ 0.78 71.412
AB=|19.6 28.6 42.6] 0.88|=|74.536
20.8 304 46.410.80 80.096

So in 2006, $71.412 million was put towards program cost, in 2007, $74.536
million was put towards program cost, and in 2008, $80.096 million was put

towards program cost.

46. The column vector that represents the admission prices is
4

B=|6]|.
8

The column vector that gives the gross receipts for each theater is
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225 110 50 1960

4
75 180 225 3180

AB = 6|= .
280 85 110 g 2510
0 250 225 3300

The total revenue collected is given by
1960 + 3180 + 2510 + 3300, or $10950.

D R |
050 030 020

BA=[30,000 40,000 20,000] 045 040 0.15
040 050 0.10

47.

D R |
=[41,000 35,000 14,000]

4000 3000 3000} 0.18
48. 2000 5000 3000 | 0.24 =[18OO 1920 1680]; Maria; Steven
2000 3000 5000 || 0.12

2700 3000 1575 1590 1560 975
025 020 030 025
49, AB=| 800 700 =| 410 405 415 270
030 035 025 0.10
500 300 215 205 225 155
50. a.
13 20 12
{700 1000 800} s 30 s [4410 64000 25400}
1500 800 600 13350 49000 19000
25 25 15

450
4410 64000 25400} 010 _[32,595}

b. PAC =
3350 49000 19000 24,725

c. The total cost of materials incurred by Ace Novelty in filling the order is
32,595 + 24,725 = 57,320, or $57,320.
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51.

52.

0.34 0.24
AC=[80 60 40]/0.42|=71.6  BD= [300 150 250]f 0.31|=206
0.48 0.35
AC+BD = [277.60], or $277.60. It represents Cindy's long distance bill for phone

calls to those 3 cities.

120
320 280 460 280 180 348,400
a. AC=|480 360 580 0 2601~ 273,200 |.
540 420 200 880 632,400
500

The entries give the total production costs at locations I, II, and III for the month of
May as $348.,400, $273,200, and $632,400, respectively.

160
320 280 460 280 550 478,200
b. AD =480 360 580 0 1s0|” 369,800
540 420 200 880 877,400

700

The total revenue realized at locations I, II, and III for the month of May are
$478,200, $369,800, and $877,400, respectively.
120
210 180 330 180 180 233,400
c. BC =|400 300 450 40 2601~ 239,000 |.
420 280 180 740 517,600
500

The total production costs at locations I, II, and III for the month of June are
$233,400, $239,000, and $517,600, respectively.

160
210 180 330 180 250 320,100
d. BD={400 300 450 40 350 |” 324,500 |.
420 280 180 740 718,200

700

The total revenue realized at locations I, II, and III for the month of June are
$320,100, $324,500, and $718,200, respectively.

153 2 Systems of Linear Equations and Matrices



53.

a.

120
530 460 790 460 { 581,800
e. (A+B)C =880 660 1030 40 =| 512,200

260
960 700 380 1620 500 1,150,000

The total production costs in May and June at Locations I, II, and III are
$581,800, $512,200, and $1,150,000, respectively.

160
530 460 790 460 798,300
250

f. (A+B)D=|880 660 1030 40 as0|” 694,300 |.
960 700 380 1620 700 1,595,600

The total revenue realized in May and June in Locations I, II, and III are $798,300,
$694,300, and $1,595,600, respectively.

40
320 280 460 280] _ | [129.800
g A(D-C)=|480 360 580 0|  |=| 96600|
540 420 200 880 245,000

200

The profits in Locations I, II, and III in May are $129,800, $96,600, and $245,000,
respectively.
40
210 180 330 180 0 86,700
h. B(D-C)=|{400 300 450 40 90 =| 85,500
420 280 180 740 200,600
200

The profits in Locations I, II, and III in June are $86,700, $85,500, and $200,600,
respectively.
40
530 460 790 460 0 216,500
i (A+B)(D~C)=|880 660 1030 40 || /= 182,100 .
960 700 380 1620 445,600
200

The profits in Locations I, II, and III in May and June are $216,500, $182,100,
$445,600, respectively.

400 1200 8007 8800
MA" =110 570 340 1|=[3380].
90 30 606 1020
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The amounts of vitamin A, vitamin C, and calcium taken by a girl in the first meal
are 8800, 3380, and 1020 units respectively.
b.

400 1200 800 (|9 8800
MB' =| 110 570 340 | 3 |=|3380
90 30 6012 1020

The amounts of vitamin A, vitamin C, and calcium taken by a girl in the second meal
are 8,800, 3380, and 1020 units, respectively.
400 1200 800 |16 17,600
c. M(A+B) =110 570 340|| 4|=| 6,760 |.

90 30 60| 8 2,040

The amounts of vitamin A, vitamin C, and calcium taken by a girl in the two meals
are 17,600, 6,760, and 2,040 units respectively.

54. a. To find the sales of each product in Branch A for the current year, we multiply
the corresponding sales for the previous year by the factor 1.1. Similarly, we use
the factor 1.15 for the sales in Branch B. These computations are carried out by

computing
5 1.1 075 2 8 10] [ 55 22 88 11
10 1.15(3 4 6 8| |345 46 69 92
[1.0lr, 0 0 - 0 |
0 10, 0 - 0
b.| 0 0 1.0l - 0
0 0 0 - 10K,

55. False. Let A be a matrix of order 2 x 3 and let B be a matrix of order 3 x 2. Then AB
and BA are both defined. But, evidently, neither A nor B is a square matrix.

56. True. Letus show that (CA)B =CcAB. The matrix CA is obtained from A by

multiplying each element in A by Cc. Next, a typical element in (CA)B is obtained by
"multiplying" a row in CA into a column in B. Now, the element occupying the same
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57.

38.

position in AB is obtained by multiplying the same row in A into the same column in
B as in the previous step. Since CAB produces the matrix with each element in AB
multiplied by c, the equality (CA)B = CAB results. The result A(cB) = cAB follows by
a similar argument.

True. In order for the sum B+ C to be defined, B and C must have the same size,
and in order for the product of A and (B +C) to be defined, the number of columns

of A must be equal to the number of rows of (B +C).

True. From the schematic relating to the sizes of the matrices, we see
(2x4) (4xn) (2x4)

A B A
we see that n must be 2. So B has size 4x 2.

USING TECHNOLOGY EXERCISES 2.5, page 126

[-1138 487 5185 49.02
-1497 -681 1992 7.68
922 695 5.06 592
3303 1615 -2156 -1512

[18.66 152 -12
2448 4188 89.82 2.
(1539 716  -125]

2009 2061 —-13 | [ 4161 46.63 8.1
4442 716 6489 4, 10878 17292 10485
12097 717 -60.65] | 4752 1435 -180.7

[ 8337 15639 17382 16923
-4967 1607 37779 87.89
-1285 -837 25692 6.
7260 57.67 27.60 952
1348 1429 181.64
- | 14526 5124 3926 -92.93
[128.59 123.08 —32.50
246.73 403.12  481.52
|125.06  47.01 -264.81

[ 3289 1363 -57.17
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10.

11.

12.

[379.02 24937 -540.47 —500.46
157.15 15434 -269.76  53.12
~6.78 120 —29.96 —83.85

27029 17456 29549  67.10
] (113 117 72
87 68 110 82

72 85 36

119 176 221 143

81 69 76
51 128 142 94
133 157 56

28 174 174 112
- 154 157 94
(10781  —5881 15845 9836 17589]
13554 —2023 14396 4458 12112
8831 12579 147.64 19969 12611
18491 2729 22745 14201 22424
21168 —10214 20181 —3929 22833
(24356 19698 15397 2036 311.72]
14825 10154 7107 15212 11396
21316 20326 14746 3367 26889
21275 18559 15587 1105 27886
| 6557 3857 —4663 2151 10195]
(170 181 1331 -1063 3413
349 2265 3241 164 5064
2452 1577 2315 1255 3129
310 2452 291 2743 3542
1136 1033 602 —1183 2546
2172 2022 1347 -1 3196

“ 11444 1309 964 133 1888
173 1658 939 93 1819

157

101 90]

7276

87 30

121 146

127 122]
; No

2 Systems of Linear Equations and Matrices



564 —852

1318 243
1008 268
137 794
170 181
349 2265
“ 2452 1577
310 2452

2.5 Multiplication of Matrices

72.9
189.4
135.1
197.1

1331
3241
2315
291

12
165
1122
181.3

—-106.3
164
1255
2743

86.7
186.8
124.1
172.3

3413
5064
3129
354.2

158

d. Yes



