3. (-¥+5t,3-t,-2+1t,1) 4, (2t,1-t, 1+ t,t) 5 Nosolution

6. (2.5810-0.0406t, 3.2462— 3.8226t, 1.6619-2.1548t, 0.2942+0.3531t, t)
2.4 CONCEPT QUESTIONS, page 107

1. a. A matrix is an ordered rectangular array of real numbers.

A matrix has size (or dimension) mxn if it has m rows and n columns.
A row matrix is one of size 1xn.

A column matrix is one of size mx1.
A square matrix is one of size nxn.

® o0 o

2. Two matrices are equal if they have the same size and the corresponding entries are
equal. For example,

13 [ 1 (@4
[—1 2}{(1—2) (1+1)}

3.
1 2 4
A=|2 -2 1
4 1 3

The entries satisfy a; =a;, that is A is symmetric with respect to the main diagonal.

ji

EXERCISES 2.4, page 107

1. Thesizeof Ais4d x 4;thesizeof Bis4 x 3;thesize of Cis1 x 5, and the size of
Dis4 x 1.

2. apa=-4;a =-11; a3 =6; aui3=5.

3. These are entries of the matrix B. The entry b3 refers to the entry in the first row and
third column and is equal to 2. Similarly, bs; = 3, and byz = 8.

4. The row matrix is the matrix C. The transpose of the matrix C is
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5. The column matrix is the matrix D. The transpose of the matrix D is

D'=[1 3 -2 0].
6. The square matrix is A. The transpose is
2 -11 6 5
;|13 2 0 1
A=lg 6 2 s
-4 7 9 -8

7. Aisofsize3 x 2;Bisofsize3 x 2; Cand D are of size 3 x 3.

8. Aisofsize3 x 2and Cis of size 3 x 3; therefore, their sum does not exist.

10. 2A-3B=| 6 -4|-| 9 3|=|-3 —7].

3 -1 0 2 -2 4 1 1 4
11. C-D=|2 -2 3|-] 3 6 2|={-1 -8 1|
4 6 2| |-2 31 6 3 1
8 -8 16| |6 2 0 2 -6 16
12. 4D-2C=|12 24 8|+| 4 4 —6|= 8 28 2].

-8 12 4 -8 -12 -4 -16 0 O
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13.

14.

15.

16.

(2]

17.

18.

19.

-2

6 3 8] [3
4 5 6| [0 -5

o

5 9
10 13|

(2 -3 4 -1 4 3 -2 -4 6 0 2 -5
+ = .
3 10 O 6 2 0 -3 9 3 0 -3
[1 4 -5 4 0 -2 2 8 9 3 -4 -16
+ - = .
3 8 6/ |36 5/ |-11 2 -5 |17 -4 16
1 1 -3 -2 -1 8 3 3 -9 -8 4 32
33 2 3|+4 4 2 2|=| 9 6 9|+/16 8 8
7 -1 6 3 6 3 21 -3 18 12 24 12
-5 -1 23
=25 14 17/|.
33 21 30
[12 45 -42 31 15 -36 B -19 30 -06
182 63 -32 22 -33 44| | 60 96 12|
(006 012 0.77 -0.75 -0.71 087
043 111(-(022 -065|=| 021 176|
| 155 -043 109 -057 046 014
1 0 0 -4 3 -1 4 3 -9 -1 0
1 4 1
530—1 6+§—21—6 2—56 2 0 -6
-2 -4 2 8 2 0 -2 0 1 -3 1
7 3 -1 %
—_| 19 2 17 23
6 3 2 3
2 I -1 =2
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1 3 5 2 3 4 3 4 -1

20. 055 2 -1/-02-1 1 -4|+06/4 5 1
-2 0 1 3 5 -5 10 O

19 33 11

=|51 38 09].

-1 -1 15

2x-2 3 2 3 u 2
21. | 2 4 y-2|=|2 4 s/
27 -3 2 4 -3 2

Now, by the definition of equality of matrices,
u=3

2x—2=3 and 2x=50r x=5/2,
y—2=5and y=7,
2z=4,and z=2.

X 2| |-2 1 4 2| |x-2 -2+z 4 2
22. [3 y}{—l Z}Z[ZU 4}’ [2 y+2}:{2u 4]
Now, by the definition of equality of matrices,
X—2=4, so x=6
—2+72=-2,50 2=0
2=2u,s0u=1
y+2=4, soy=2

1 X 2 -2 3z 10| |-7 x+8 3z 10
23 [2y —3}4[0 3}:[4 —u}’[zy —15}:[4 —u}
Now, by the definition of equality of matrices,
—u=-15,s0 u=15
X+8= 10,50 x=2
2y= 4,50 y=2
3z=-7,50 z=-T71/3.
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1 2] [y-1 2 —4 —u| [-3y+4 -4 -8 -2u

24. |3 4|-3 1 2 |=2| 0 -1i; 0 -2 |=| 0 =2].
x -1 4  2z+1 4 4 x-12 —-6z-4 8 8
Now, by the definition of equality of matrices,

—2u=-4,s0u=2

X—12=8, so x=20
-3y+4=-8,50 -3y=-12,y=4
—6z-4=8, so—-6z=12, and z =-2.

25. To verify the Commutative Law for matrix addition, let us show that A+ B=B+ A.
2 -4 3| |4 -3 2 6 -7 5
=+ =
4 2 1/ |1 0 4 5 25
4 -3 2| |2 -4 3
1 0 4 4 2 1

26. To verify the Associative Law for matrix addition, let us show that
A+(B+C)=(A+B)+C. Now,
5 -3 4
4 -2 5

4 -3 2] [1 O 2}
(2 -4 3] [5 -3 4} 7 -7 7

Now, A+B=[

B+C= + =
1 0 4] |3 21
and A+(B+C)= + :
4 2 1, |4 -2 5 |8 06
Next, A+B= + =

2 -4 3] [4 -3 2] [6 -7 5
4 2 1]|1 0 4] |5 2

(6]

\l

and (A+B)+C= + =
5 25/ |3 -2 1] |8 06

6 -7 5] [1 02__7—7}

3 1] [ 24 8 3 1 31
27. (3+5)A=8A=8 2 4|=| 16 32|=3 2 4|+5 2 4
4 0| |32 of |4 0| |-4 0

=3A +5A.
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3 1 12 4 24 8 3 1
28. 2(4A)=2(4) 2 4|=2| 8 16|=| 16 32| =(2-4) 2 4|=8 2 4|
4 0 16 0] |-32 0 4 0
3 1 1 2 4 3] [16 12
29. 4(A+B)=4|| 2 4|+|-1 0||=4 1 4|=| 4 16
4 0 3 2 1 2| |-4 8
3 1 1 16 12
AAN+4B=4| 2 4|+4/ -1 4 16/.
4 0 3
3 1 1 2 0 —-10
30. 2(A-3B)=2|| 2 4|-3-1 0 10  8].
4 0 3 2 13 6| |-26 -12
2A—6B=2| 2 4|-6-1 0|= 8.
4 0 26 -12
3 3
; 2 4 2 0 -1 | 2 4
3. 3 2 -1 5]'= . 32. - .
1 3 4 -1 5 -1
5 1 5
; 12 6 4] [1 2 6
1 -1 2 1 3
2 32 5 2 3 2
33, 3 4 2| =|21 1|, 34. _
6 2 3 0 6 2 3
0 10 2 0
4 5 0 2 4 5 0
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1 2 3 4

Mr. Cross| 220 215 210 205

35. Mr. Jones| 220 210 200 195
Mr. Smith|{ 215 205 195 190

36. a. The required matrices are

400 450 300 200 - 0 80 100 50

Tom Tom

Les'QV{SOO 350 200 400} Les'QY{SO 50 0 100}

b. Their holdings at the end of the year are

Lesiey[ 550 400 200 500
C=A+B=
Ton | 400 530 400 250
Ivll MZ M3
37 340 360 380| | [350.2 370.8 391.4
"B=(103)A=1.03| 410 430 440 | ||| 4223 4429 453.2
620 660 700 111| 638.6 679.8 721

38. We want to find r so that
(1.01r)A=B
By the definition of scalar multiplication, we just need to consider the
corresponding

entries in the first row and first column. Thus,
(1+0.01r)(340) = 357
357

0.0lr =——-1
340

and r =5. So the percentage increase is 5%.
39. aa D=A+B-C

2820 1470 1120| (260 120 110| |120 80 80
=11030 520 480 (+(140 60 50 |—-| 70 30 40
1170 540 460 120 70 50 60 20 40

139 2 Systems of Linear Equations and Matrices



2960 1510 1150
=|1100 550 490 |.
1230 590 470

2960 1510 1150 |3256 1661 1265
b. E=11D=111100 550 490 [=|1210 605 539

1230 590 470 1353 649 517

_ Non-
40. a. Text. Fict. Fict. Ref.

5 Hard [5280 1680 2320 1890
~ Paper|1940 2810 1490 2070

Non —
b. Text. Fict. Fict. Ref.
B Hard | 6340 2220 1790 1980
~ Paper| 2050 3100 1720 2710
) Non —
C. Text. Fict. Fict. Ref.
C o Hard | 11620 3900 4110 3870
_Paper 3990 5910 3210 4780
41.
_MA 6.88 7.05 7.18
" US.[4.13 4.09 4.06
M1 26 7 188 36.3
42. A=
W|08 18 44 122 276
2.4 Matrices
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43.

W M
W B H
W| 81 76
W|81 76.1 822| ;
= B=B|76.1 69.9
M|76 69.9 759
H|82.2 759

H HD Y S K O

44, A_2001 279 219 192 11 9.1 109
2001/ 27.6 233 182 105 88 11.6

The sum of all elements in the first row is 100%. The sum of all elements in the
second row is 100%. Harley-Davidson gained the most: 23.3-21.9 or 1.4%.

45. True. Eachelementin A + B is obtained by adding together the corresponding elements
in Aand B. Therefore, the matrix c(A+ B) is obtained by multiplying each element in

A+ B by c. On the other hand, cA is obtained by multiplying each element in A by ¢
and cB is obtained by multiplying each element in B by ¢ and cA + cB is obtained by
adding the corresponding elements in cA and cB. Thus c(A+B)=cA+cB.

46. True. (-1)B is the matrix whose elements are the negatives of the respective
elements of B. The result now follows by the definition of matrix addition.

1 2
47. False. Take [3 4} and ¢=2. Then

cA:Z{1 2}:{2 4} and (cA)T:{2 6]
3 4 6 8 8

1 3] [+ 2
On the other hand, lATzi{ }:{2 2}rs(cA)T

SN

c 2
48. True. A’ is obtained from A by interchanging the rows and columns of A. (A")" is
obtained by interchanging the rows and columns of A". This leads to the original

matrix A. Thus, (A")" = A
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USING TECHNOLOGY EXERCISES 2.4, page 113

15 38.75
1. 5125 40
2125 35
-5 63 —-68
3. 1 05 54
05 42 -35
1644 —365
5. 12.77 10.64
| 509 028
22.2 -0.3
7. 216 17.7
8.7 4.2
2.4 Matrices

675 3375 (5208 2688
525 -3875| 2. |-2604 -2268
65 105 |-1008 1176
39 (5 63
48 4. |-1 -05 -54
56 |05 4.2
366 063 (802 1195
258 005| 6. | 334 213
~1084 17.64 | 153 826
~12 45 ~12.142  26.091
9 -42| 8 | 12584 8983
—20.7 336 5.473 19.11

142

-11.76

6.8

35

-13.72
10.86
-8.03 1288

—32.968

—22.633

10.08
-14.28
—2352

10.08
14.28

-39
48
-5.6

7.71
-94

17.979
—-21.606
36.4

25.974



