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——

7- 3 EXE RCI S ES See www.CalcChat.com for worked-out solutions to odd-numbered EXerCises, -

VOCABULARY: Fill in the blanks.

1. When solving a trigonotnetric equation, the preliminary goal is to the trigonometric

‘function involved in the equation.
ki

2. The equation 2 sin § + 1 = 0 has the solutions ¢ = + 2nmand @ = Hm + 2nr, which are

called solutions. 6 6
3. The equation 2 tan? x — 3 tanx + 1 = 0 is a trigonometric equation that is of type.
4. A solution of an equation that does not satisfy the original equation is called an solution,
SKILLS AND APPLICATIONS
In Exercises 5-10, verify that the x-values are solutions of the ‘*Ejﬁ) Jtan’x = tanx 28. 2sinx =2 + cos x
equation. ' :2;9 sec?x — secx = 2 30, secxcscx = 2csex
P
. S.E,ZCosku:O 31, 2sinx+cscx =0 32. secx + tanx = |
5 a3 2 —1=
(a)x:E ) x =T 7933“2005 x+cosx—1=40
3 3 {ejl/..-’Zsinzx+3sinx+1=0
6. secx —2=10 35. 2sec?x + tanlx — 3 =0
(a)x=3 (b x = o 36. cosx +sinxtanx = 2
3 7. cscxteootx =1 38. sinx—2=cosx -2
7. 3tan’2x—1 =0
. 5 In Exercises 3944, solve the multiple-angle equation.
(a) x = — by x=— . '
12 12 39, 2—1 40 'Zx*—ﬁ
8. 2cos?4x— 1 =10 L:_-\' coser=5 P E T
T iw 41 tan3x = 1 42, secdx =2
= — b = — \_-/
R T: RRRT: o x_ i 3
[ 43 cos - = —— 4. sin= = ——=
9, 2sin?x — sinx —~ 1 = 0 VST 2”2
s T
(a) x = Py () x = & In Exercises 45-48, find the x-intercepts of the graph.
4, _ 2, =
10. csefx — dese?x = 0 4S.y:sinf—c+1 46. y = sin wx + cos wx
T 5w : 2
(@ x=— () x=—
6 6
In Exercises 11--24, solve the equation.
N
{(11i 2cosx +1=0 12. 2sinx +1=10
@ﬁcgcx—2=o 4. tanx + /3=0
18/ 3sec?x —4 =0 16. 3co?x —~ 1 =0
Q_.')f sinx(sinx + 1) =0
T ; —
8. (3tan®x —- 1}{tan2x — 3) = 0
@ deos2x—1=0 28, sin®x = 3 cos?x
720 2sin?2x = 1 22. tan?3x =13
S

23. tan 3x(tanx — 1) = 0 24, cos 2x(2cosx + 1) = 0

In Exercises 25-38, find all solutions of the equation in the
interval [0, 2).

V!
728,/cos* x = cosx 26. sec’x—1=0




Section 7.3 Solving Trigonometric Equations

@ i Exercises 49-58, use a graphing utility to approximate the
solutions (to three decimal places) of the equation in the

interval {0, 27,
49, Jsiny —oCoix = 0

20, 4sinfx - 2sinty - 2sinx — 1 =0

- sinx COs X _. cosycoly
a1 CLIE =4 5 /=3
- cos X 1 —smx I —sinx

53, vtanxy — 1 =90 Aovcosxy — 1 =10
35, sectr ~ 03 ny — 1 =0
36, cscox = 0S5cotx —3=0
57, 2tan x — Jwnx — 15 =10
38, 6sin"x — Tsiny ~2=0
ﬁz In Exercises 5962, use the Quadratic Formula to solve the
equation in the interval [0, 2+7). Then use graphing utility
to approximate the angle x.
59, [2sin"x— 13siny—3=0
60. 3tan"x ~ dtany ~ 4 =0
61, tan*xy — 3tanc + 1 =0
62, dcossy —deosx— 1 =10

In Exercises 63—74, use inverse functions where needed to
find all solutions of the equation in the intervai [0, 27).

63 tan-x -~ tanx — 12 =0

o

64. tan~y — tanx — 1 =
65, an"xy - 6tanxy — 3 =10
66, seciy —tanxy — 3 =10

67, 2coscx —Scosx—2=190
68. 2sinx — 7siny+3=0
69, cottx —9 =10

70. cotix — 6ecotx — 53 =0
71, secixy —dsecx =0
72, secix + 2secx— 8 =0
73, cscfx —3csex— 4 =0
74, cscfx — Sescx =0

2 In Exercises 75-78, use a graphing utility to approximate the
solutions {to three decimal places) of the equation in the
given interval.

75, 3tan"x +~ Stanx — 4 = 0.
76. cosx — 2cosx — 1 =0, [0.7]

77. dcostx — 2siny + L =0, {;:1

78. 2sectx ~tanx — 6 = 0. {ﬁ—;}

Ao In Exercises 79-84, (a) use a graphing utility to graph the
i function and approximate the maximum and minimum
points on the graph in the interval [0, 2}, and tb) sohe
the trigonometric equation and demonstrate that its
solutions are the y-coordinates of the maximum and
minimum points of f. (Calculus is required tc find the

trigonemetric equation.)
Function Trigonomemric Equation

2sinycosy —sinx =0

79, flx) = sin“x — cosx
80. flx) = cos~ v — sin X —Zsinxcosy —cosx =40
81. flx) = sin.x = cos ¥ cosx — sinx =0
82, f{x) =2sinx—cos 2x 2cosx—dsinxcosx=0
83. jlx)
84, rix)

—sin?x = costx =0

It

S X COS ¥

secy —tanxy — X

secxtanx —seccx — 1 =10

FIXED POINT In Exercises 85 and 86, find the smallest
positive fixed point of the function f. [A fixed point of a
function fis a real number ¢ such that f(c) = ]

85, flx) = tan— 86. [} = cosx

4

87. GRAPHICAL REASONING Consider the function

given by

flx) = cosE
x

and its graph shown in the Higure.

A
+
i
i

(a1 What is the domain of the function”

(b) Identify any symmertry and any asyvmptotes of the
eraph.

¢cy Describe the behavior of the function as x — 0.

(d) How many solutions does the equation

1
cos— =0
X

have in the interval [— 1. 1]? Find the solutions,

{2} Does the equation cos(l;x) = 0 have a greatest
solution? If so. approximate the sclution. If not.
explain why.
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7.4 EXERCISES
YOCABULARY: Fillin the blank.
1. sin(u — V) =
3 tan(u + V) =

5. coslu — V) =
SKILLS AND APP‘LICAT!ONS

1n Exercises 7-12, find the exact value of each expression.

4 :!‘ (a) cos(E + E) (b) cos T+ cos z
N 43 4 3
8. (a) sin(z[ + §E) (b) sin —3—1I + sin§—1’—r
4 6 4 6
9. (2) sin(zlT - 3) (®) o T - sine
6 3 6 3
10. (2) cos{120° + 45°) (b) cos 120° + cos 45°
11 (@ sin(135° 30 (b) sin 135° — cos 30°
1’2. {a) sin(315° — 60%) {b) sin 315° — sin 60°

In Exercises 13-28, find the exact values of the sine, cosine,
and tangent of the angle.

R S 11 Iy 0T Ioc T T
-\}/,.-#—=~+e 14— ==+
12 4 6 12 3 4
PR 11
:_.15,_'1#::217_21 6 -T2
17. 105° = 60° + 45° 18. 165° = 135° + 30°
}3 195° = 225° — 30° 20. 255° = 300° — 45°
13w T
2.3 2. -
2. - 27 2. 22
12 12
Vo
(25, 285° 26. —105°
27, —165° 28. 15°

In Exercises 79-36, write the expression as the sine, cosine,
or tangent of an angle.

\\29 gin 3 cos 1.2 — ¢cO8 3 5in 1.2

@ cos %r cos -g— - sin 1,;— sin%

3} sin 60° cos 15° + cos 60° sin 13°
32, cos 130° cos A40° — sin 130° sin 40°
-~ tan 45° — tan 30°

A3, o i AP

o7 1+ tan 45° tan 30

tan 140° — tan 60°

4.
1 + tan 140° tan 60°

2. cos{u + ¥)
4. sin{u + V)
6. tan{u — v)

.—=—-_____
:___‘_____.——

=___p——’

. tan2x + tanx

35,

2701 —tan2xtan X

Soe www.CalcChat.com for worked-out splutions to odd-numbered exercise

\ig cos 3x cos 2y + sin 3% sin 2y

In Exercises 37-42, find the exact value of the expressior

12

P s ,rT W .
J37, sin 75 COS Ty 4+ cos TD s
Ry 4

' 3T .
38. cos % cos 81

39, sin 120° cos

T by
12 4
n z sin 37
16 16 16

60° — cos 120° sin 60°

40. cos 120° cos 20° -+ sin 120° sin 30°

a tan(5m/6) — tan{r/6}
* T+ tan(57/6) tan{/6)
12 tan 253° -+ tan 110

tando T SN
1 — tan 25° tan 110°

in Exercises 4350, find the exact value of th;a trigono

function given that sin

are in Quadrant 1)

@ sinlu + V)

@ cos(u + V)
@l.f tan(u + V)
49. sec(v — 1)

g = gandcosy = ~5 (Bothu

@ cos{u — V)
@;\ sinlv — u)
48. csclu — V)
50. cot{u + V)

In Exercises 51-56, find the exact value of the trigon
function given that siny = —3 and oSV = =3
and v are in Quadrant i)

e

51 cos(u + V)

(53 tan(u — V)
55. csclu — v}

In Exercises 57-60, write the
algebraic expression.

57, sin(arcsin x + arccos x)

CSi sinlu + V)
4. cot(v — u}
56. seclv — )

trigonometric express

58, sin(arctan 2x — arccos x)

59, cos(arccos

60. cosfarccos

x + arcsin x)

x — arctan x)




* In Exercises 6170, prove the identity.

61. sin(g - x) = cos x 62. sjn(;—T + x) = COS X

63. sin(g + x) = é(cos x + /3sin x)

2
64, cos(f - x) = -lg;(cosx + sin x)

65. cos(m — 8) + sin(-;—r + 6) =)

T 1l —tané§
66- tan(?f - )_ L+ tan 6
67. cos(x + y)cos{x — y) = cos? x — sin? ¥
68. sin(x + y)sin{x - y) = sin2 x — sin? y
69. sin(x + y) + sin(x — y) = 2 sin x cos y
70. cos(x + y) + cos(x — y) = 2 COS X COS Y

In Exercises 71-74, simplify the expression algebraically and
use a graphing utility to confirm your answer graphically,

3
7. cos(f - x) 72. cos( + x)

3
73. sin(?w + 6) 74. tan(7 + 8)

In Exercises 75~84, find all solutions of the equation in the
interval [0, 27).

75. sin(x + 7) ~sinx+ 1 =0
76. sin{x + ) ~ sinx — 1 =0
77 cos{x+ @) ~cosx — 1 =0
78. cos(x + 7} —~cosx + 1 = 0

1
790. Sil‘l(x + g) — sin(x — %T) = E

80, sin(x + ;) + sin(x - %T) =1

81. cos(x + -}) - cos( - E) =1

82. tan(x + m) + Zsin(x + m) = 0

83. sin(x + %r) —coslx =0
84. cos( — g) + sin?x =0

& In Exercises 8588, use a graphing utility to approximate the
- solutions in the interval [0, 27).

ko k1
85. S -—]=1 g
COS(X 4) cos(x 4)

86.

87.

88.

89.

90.

tan(x + ) — Cos(x + %T) =90
sin(x + g) +cos’x =0
cos(x — -275) —sin?x =0

HARMONIC MOTION A weight is attached to a
spring suspended vertically from a ceiling. When a
driving force is applied to the system, the weight moves
vertically from its equilibrium position, and this motion
is modeled by

1 1
y =§sin2r+zcc)52t

where y is the distance from equilibrium (in feet) and ¢
is the time (in seconds).
(a} Use the identity

asin BO + bcos B6 = /a? + bZsin(BO + C)

where C' = arctan(b/a), a > 0, to write the model
mn the form y = /a? + b sin(Br + ().
(b) Find the amplitude of the oscillations of the weight.
(¢) Find the frequency of the oscillations of the weight.

STANDING WAVES The equation of a standing wave
is obtained by adding the displacements of two waves
traveling in opposite directions (see figure). Assume
that each of the waves has amplitude A, peried T, and
wavelength A. If the models for these waves are

X

r 1
¥ = Acos 277(} - }\—) and y, = A cos 217(} + ﬁ)
show that

2t 2mx
+ vy, = 24 cos —cos ==,
¥+, S T 08 Y

A £
AR
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R

7. 5 EXE RC i S ES see www.CalcChat.com for worked-out solutions to odd-numbered exercises.

VOCABULARY: Fill in the blank to complete the trigonometric formula.

A 1 +cos2u
1, sin =it - . —-————2
s 2u = 1—cos2u _
3. cos - — "1+ cos2u
3, sin%: 6. tan—;-=
7. coSUCOSV = 8. sinucosv =
0, sinu +sinv = 10. cosu — cosv =
SKILLS AND APPLICATIONS
In Exercises 11-18, use the figure to find the exact value of 397 1 3 0 T
the trigonometric function. tanu =g, b<usy
/1/’_%1 40. cotu = /2, 71-<u~<EE
] 2
4
. 41, secu = —2, £<u<7r
1. cos 28 12. sin 28
\13. tan 26 14. sec 20 42. cscu.= 3, m cu<a
15, csc 26 16. cot 20 z
17. sin 49 18, tan 49 fiiIn Exercises 43-52, use the power-reducing formulas to
. i ) . rewrite the expression in terms of the first power of the
in Exercises 1928, find the exact solutions of the equation cosine.
in the interval [0, 247). —
. _ i 43. cos®x 44, sin® 2x
19. sin2x —sinx =0 20. sin2x + cosx = 0 - )
) , ) 45, cos® 2x 46. sin®x
21. 4sinxcosx = 1 22. sin2xsinx = COs x ]
_ 47, tan* 2x 48. sin® x cos* x
23, cos 2x —cosx = ( 24, cos2x + sinx =0 .
o ] ] 49, sin? 2x cos? 2x 5. tan® 2x cos* 2x
25, sin4dx = —2sin 2x 26. (sin 2x + cos 2x)? = 1 ) ,
51. sin* x cos®x 52. sin® xcos® x
27, tan2x — cotx =0 28. tan2x — 2cosx =0

In Exercises 53-58, use the figure to find the exact value of

In Exercises 29-36, use a double-angle formula to rewrite the the trigonometric function.

expression.
29, 6sinxcosx 30. sinxcosx
31. 6cos’x — 3 32, cos?x — 3 g
33, 4 — 8sin’x 34, 10sin’x — 5
35. {cos x + sin x)(cos x — sin x} 0
36. (sin x — cos x){sin x -+ cos x) : 15
In Exercises 37-42, find the exact values of sin 2u, cos 2u ; 6 .0
' ’ ' . = 54, sin—
and tan 2u using the double-angle formulas. 53. cos 2 R
3 3 - 0 9
37, sinu = -7, —271 <u<2mw 55. tan . 56 secy
g 0
38, cosu = AT e 57. csc 58. cot S

5 2
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In Exercises 59--66, use the half-angle formulas to determine
the exact values of the sine, cosine, and tangent of the angle.

59. 75° 60. 165°
61, 112°30° 62. 67° 30’
63, /8 64. /12
65. 3m/8 66. 7m/12

In Exercises 67-72, (a) determine the quadrant in which u/2
lies, and (b) find the exact values of sin(uf2), cos(u/2), and
tan{u/2) using the half-angle formulas.

7
6'/'}.cosu=-g, 0<u<—1z

S 2
68.sinu=ﬁ, ~272<u<w
S 5 3

__\f9. tan u = *1—2-, %T <u<mT

70, cotu = 3, W<u<7

1. cscu = ——, < <-3£
. CSC U 3 U<
3
72.secu=z, —Tr<u<2'rr
27 2

In Exercises 73-76, use the half-angle formulas to simplify

the expression.
/1 + cos 4x

73; /1 — cos 6x
2
/1 —cos8x /l—cos(x—l)
I + cos 8x

ﬂ?ﬁ In Exercises 77-80, find all solutions of the equation in

the interval [0, 24r). Use a graphing utility to graph the
equation and verify the solutions.

77. sin;—c+cosx=0 78. sin%+cosx—1:0

79. cos-;—sinx=0 80. tan%—sinx=0

in Exercises 81-90, use the product-to-sum formulas to write
the product as a sum or difference.

5
81. sin-;i-cos-g ' 82. 4cos;—Tsin—6——ﬁ
83, 10 cos 75° cos 15° 84. 6sin45°cos 15°
85. sin 58sin 34 86. 3 sin{—4q) sin 6

87. 7cos{—58) sin 38 88. cos 26 cos 48
89. sin(x + y)sin(x — y)  90. sin{x + y) cos(x — y)

———

In Exercises 91-98, use the sum-to-product formulas to write
the sum or difference as a product.

91. sin 38 + sin & 92. sin 58 — sin 38
93, cos 6x + cos 2x 94, cosx + cos 4dx
95. sin(a + B) — sin{a — B) 96. cos(¢ + 27) + cos ¢

ki m
97. cos(B + 5) — cos(a - E)
. ™ . ( T
sm(x + 5) + sin| x — 5)

In Exercises 39-102, use the sum-to-product formulas to find
the exact value of the expression.

99, sin 75° + sin 15° 100. cos 120° + cos 60°

S 3
102. sin 4 sin 4

98.

o0

3w ar
101. —_ —
cos 2 cos 2

Az In Exercises 103-106, find all solutions of the equation in the

interval [0, 247). Use a graphing utility to graph the equation
and verify the solutions.

103, sin6x +sin2x =0 104, cos2x —cos6x =0

2
105, —2 1 =0 106. sin?3x — sin*x =0
sin 3x — sinx

In Exercises 107-110, use the figure to find the exact value of
the trigonometric function.

107. sin 2«
109. cos(3/2)

108. cos 2f3
110. sin(e + 8)

In Exercises 111-124, verify the identity.

csc B sec? f
111, 28 = 112, = -
csc20 2cos 8 sec 26 2 — sec?d
1 2 3 ]
113. sin%cosg - Esin?a 114. c:;g =1 — 4sin?p

115. 1 + cos 10y = 2 cos? S5y
116. cos® x - sin* x = cos 2x
117. cos 4a = cos? 2o — sin? 2a
118. (sinx -+ cos x)2 = [ + sin2x

1
119, tani =csCu —cotu

i 2tan u
120, sec - =+ f ———
2 tan i + sin u
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Y

8.1 EX E RC I S ES See www.CalcChat.com for warked-out solutions to odd-numbered exercises, -
VOCABULARY: Fill in the blanks. Exercises with no Solultiﬂn'- 26,27,30,31
. . . ) Exercises with two solutions: 18,2
1. An triangle is a triangle that has no right angle. %34
a ¢
2. For triangle ABC, the Law of Sines is given by —— = =—.
& & Ysina sinC
3. Two and one determine a unique triangle.

4, The area of an oblique triangle is given by shesinA = %ab sin C =

SKILLS AND APPLICATIONS

In Exercises 524, use the Law of Sines to solve the triangle. 20. B =2°45", b= 62, c=58

Round your answers to two decimal places. Al A = 145°, a=14, b=4
s c 22 A=100°, a=125 c=10
: 23, A=110°15, a=48, b=16
b=20 7 105" N\g 24, C=9520° a=35 c=50
45°
A - B In Exercises 25-34, use the Law of Sines to solve (if possible)
the triangle. If two solutions exist, find both. Round your
6. C answers to two decimal places.
, ) GQs) A= 110°, =125, b=100
26. A = [10°, a= 125, b=1200
35° 40° 27JA=76° a=18, b=20
A c=10 B o
28, A=76°, a=134, b=121
R B9 A=58, a=114, b=128
- 30. A =58 a=45 b=128
31. A=120°, a=b=125
32.A=120°, a=25 b=24
(3B A=45° a=b=1
8. ¢ 34y A =254 a=95 b=2
b ° a
A 0 10° B In Exercises 35—38, find values for b such that the triangle
¢ =45 has (a) one solution, (b) two selutions, and {c) no solution.
9. A =1024°, C=167, a=2L6 3. A=36 a=5
10. A = 243°, C =546, c= 268 36. A = 60°, a=10
1. A =83°20, =546 c=181 3. A= 10°, a=108
12. A=5°40", B=815, b=48 38, A = 88°, a = 3156
(3)a =35, B=65°, c=10 ,
14. A =120°, B=45 ¢=16 In Exercises 39—44, find the area of the triangle having the
15. A=55 B=42, c=3 ijdicated angle and sides. ‘.
16. B =28°, C=104°, a=3 (39, C=120°, a=4, b=6 .
[@A=36°, a=8, b=5 40. B=130°, a=62, ¢=20
18. A=60°, a=9, c=10 41, A = 43°457, =57, ¢=285 1
19. B=15°30", a=45 b=68 42. A=5°15", b=45 c=122 3
43, B=72°30", a=103, c=64 K

4. C=84°30", a=16, b=20
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I
HEIGHT Because of pravaiiing winds, a ree grew so
that 10 was leaning 47 from the vertical. At a point
40 meters from the tree. the angle of elevation to the p
of the tree 1s 307 (see figure). Find the height i of the tree.

46. HEIGHT A flagpole at a right angle to the horizontal
is located on a slope that makes an angle of 12° with the
horizontal. The flagpole’s shadow 1s 16 meters long and
points directly up the slope. The angle of elevation from
the tip of the shadow to the sun is 207

(a) Draw a triangle to represent the situanon, Show the

known quantities on the triangle and use a variable
to indicate the height of the flagpole.

(b) Write an equaticn that can be used to find the height
of the flagpole.

(¢) Find the height of the flagpole.

47. ANGLE OF ELEVATION A 10-meter utility pole casts
a 17-meter shadow directly down a slope when the
angle of elevation of the sun is 427 (see figure). Find 6,
the angle of elevation of the ground.

48. FLIGHT PATH A plane flies 300 kilometers with a

bearing of 316° from Naples to Elgin (see figure). The’

plane then flies 720 kilometers from Elgin to Canton
(Canton is due west of Naples). Find the bearing of the
flight from Elgin to Canton.

N .Elgin \
Weabe E IR
; 720 km 500km
S

. ~

Ry --
Canton Naples
Nor drawn 1o scale

19. BRIDGE DESIGN A bridge is to be built across a
small lake from a gazebo to a dock (see figurel. The
bearing from the gazebo to the dock is S 417 W. Froma
ree 100 meters from the gazebo. the bearings to the
gazebo and the dock are S 747 E and S 287 E. raspec-
tively. Find the distance from the gazebo © the dock.

:. B ‘\"
Tree ;\/“45\-‘“_1 00m W _,,(:)_ E
JQ\" e " % g

:,.; :280‘\ = 1
i N ~ " Gazebo
PN a1

ﬁD’(-)ck e

n
=

RAILROAD TRACK DESIGN The circular arc of a
railroad curve has a chord of length 3000 feet
corresponding to a central angle of 40°.

(a) Draw adiagram that visually represents the situation.
Show the known quantities on the diagram and use
the variables r and s to represent the radius of the
arc and the length of the arc, respectively,

(b} Find the radius » of the circular arc.
¢c) Find the length s of the circular arc.

51. GLIDE PATH A pilot has just started on the glide path
for Janding at an airport with a runway of length
9000 feet, The angles of depression from the plane to
the ends of the runway are 17.5% and 18.8".

() Draw a diagram that visually represents the
situaton.

b} Find the air distance the plane must fravel until
touching down on the near end of the runway.

(c) Find the ground distance the plane must travel until
touching down.

¢d) Find the altitude of the plane when the piiot begins
the descent.

LOCATING A FIRE The bearing from the Pine Knob
fire tower to the Colt Station fire tower is N 657 E, and
the Lwo towers are 30 kilometers apart. A fire spotted by
rangers in each tower has a bearing of N 807 E from
Pine Kpob and § 70° E from Colt Station (see figure).
Find the distance of the fire from each tower.

th
[

N
L'W'-a-(:;a- E COl[S[alion/%:’"“‘ R
- ST ..’1_;;"' a'%o T
L. 80°  30km L
. 65° _,"‘ __,_.-»"’:"

) ‘Pine Knob

Not drawn to scale




Section 8.2 Law of Cosines 601

8.2 EXE RC]SES See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

VOCABULARY: Fill in the blanks.
1. If you are given three sides of a triangle, you would use the Law of 1o find the three angles of the triangle.

-2

. If you are given two angles and any side of a triangle, you would use the Law of to solve the triangle.
at+ 2 - B
— 1

3. The standard form of the Law of Cosines forcos B = 2ac

s

4. The Law of Cosines can be used to establish a formula for finding the area of a triangle called
Formula.

SKILLS AND APPLICATIONS

in Exercises 5-20, use the Law of Cosines to solve the a b ¢ d 9 ¢
triangle. Round your answers to two decimal places. 21, 5 8 45°
5. c 6. c 22. 25 35 120°
b=12 a=10 =3 a=7 23. 10 14 20
A c=8 P 24. 40 60 80
A c=16 B 25. 15 25 20
3 c 8. c 26. 25 50 35
4= B In Exercises 2732, determine whether the Law of Sines or
c=30 4 ¢ B the Law of Cosines is needed to solve the triangle. Then solve
9. a=11, b=15 c=21 the triangle. A
10.2=55 b=25 c=T72 27.a=8, c=5 B=40
1. a=754, b=52 c=52 28.a=10, b=12, C=70°
12. a = 142, b =105, = 1.25 20, A=24°, a=4, b=13
13 A=120°, b=6, c=17 A0, a=11, b=13, ¢=7
4. 4=48, b=3, c=14 Bloa =42 B=35 c=12
15. B=10°35, a=40, ¢=30 3R2.a=160, B=12°, C=7°
16. B = 75°20, a=62, c=935

(n Exercises 33—40, use Heron’s Area Formula to find the area
of the triangle.

;@azs, b=12, ¢=17

M, a=233 b=136, ¢c=125

35, a=25 b=102, ¢=9

In Exercises 21-26, complete the table by solving the 36, =754, b=252, ¢=1352
parallelogram shown in the figure. (The lengths of the 37, a= 1232, b =846, c= 1505

diagOna[S dare given by C and d-) 38, g = 305 b=075 c =245

39.a=1, =l, c =

40.a=1% b=

17. B =125°40", a=737, c=37
18, C= 15°15), a =171
19. C=4%, a=3 b=3}
20, C=101° a=3 b=3

ool s
eI u

c =
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41. NAVIGATION A boat race runs along a triangular
course marked by buoys A, B, and C. The race starts
with the boats headed west for 3700 meters. The other
two sides of the course lie to the north of the first side,
and their lengths are 1700 meters and 3000 meters.
Draw a figure that gives a visual representation of the
situation, and find the bearings for the last two legs of
the race.

42, NAVIGATION A plane flies 810 miles from Franklin
to Centerville with a bearing of 75°. Then it flies
648 miles from Centerville to Rosemount with a
bearing of 32°. Draw a figure that visually represents
the situation, and find the straight-line distance and
bearing from Franklin to Rosemount,
‘Z.;:\ SURVEYING To approximate the length of a marsh, a
" surveyor walks 250 meters from point A to point B, then
turns 75° and walks 220 meters to point C (see figure).
Approximate the length AC of the marsh.

44, SURVEYING A triangutar parcel of land has 115 meters
of frontage, and the other boundaries have lengths of
76 meters and 92 meters. What angles does the frontage
make with the two other boundaries?

45. SURVEYING A triangular parcel of ground has sides
of lengths 725 feet, 650 feet, and 575 feet. Find the
measure of the largest angle.

46, STREETLIGHT DESIGN Determine the angle 8 in the
design of the streetlight shown in the figure.

47. DISTANCE Two ships leave a port at 9 AM. One
travels at a bearing of N 53° W at 12 miles per hour, and
the other travels at a bearing of S 67° W at 16 miles per
hour. Approximate how far apart they are at noon
that day.

48.

49,

50.

P

LENGTH A 100-foot vertical tower is to be erected gy
the side of a hill that makes a 6° angle with e %
horizontal (see figure). Find the tength of each of .
two guy wires that will be anchored 75 feet uphill ang 3
downhill from the base of the tower. '

NAVIGATION On a map, Orlando is 178 millimeters
due south of Niagara Falls, Denver is 273 millimeters
from Orlando, and Denver is 235 millimeters from
Niagara Falls (see figure).

“Irlando

(a) Find the bearing of Denver from Orlando.
{(b) Find the bearing of Denver from Niagara Falls.

NAVIGATION  On a map, Minneapolis is 165 millimeters
due west of Albany, Phoenix is 216 millimeters from
Minneapolis, and Phoenix is 368 millimeters from
Albany (see figure).

(a) Find the bearing of Minneapblis from Phoenix.
{b) Find the bearing of Albany from Phoenix.

{ 51; BASEBALL On a baseball diamond with 90-foot sides,

the pitcher’s mound is 60.5 feet from home plate. How
far is it from the pitcher’s mound to third base?
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"

8-5 EXERC’ S ES See www.CalcChat.com for worked-out solutions to odd-numbered exercises,
VOCABULARY: Fill in the blanks.
1. The of a complex number a + bi is the distance between the origin (0, 0) and the point {a. b).
2. The of a complex number z = a + bi is given by z = r(cos 0 + isin @), where r is the
of z and @ is the of z.
3 Theorem states that if z = r{cos 6 + i sin 6) is a complex number and # is a positive integer, then
7" = r™{cos n@ + isin nf).
4. The complex number u = a + biis an of the complex number z if z = u" = (a + bi}:.
SKILLS AND APPLICATIONS
In Exercises 5-10, plot the complex number and find its In Exercises 33-42, find the standard form of the complex
absolute value. number. Then represent the camplex number graphicaliy.
5. —6+8i 6. 5 — 12i (33.2(cos 60° + isin60°) 34, S(cos 135° + isin 135°)
T =T L 8 7 ég/\ J48[cos(—30°) + isin{—30%)]
9. 4 — 6i 10 -8 + 3 36. /3(cos 225° + isin 225°)
. . . oty 9 3w T 5w 57
In Exercises 11—14, write the complex number in trigonometric 375 - cos vy + isin 2 38. 6] cos It + i sin T
form.
i 1 39, 7(cos O + isin 0) 40, 8(cos T+ isin ﬂ)
11, Imaginar 2. Imagin g tsin AU — T -
L g A > Prseomg Ty

41. S[cos(198° 45%) -+ i sin(198° 45°)]
42. 9.75[cos(280°30") + i sin(280° 307)]

B 1 Exercises 43-46, use a graphing utility to represent the
complex number in standard form.

.:-.13.? Imaginary .14, Imaginary P .7 2 2
T axis ~— axis 43. 5{cos — + isin = 44, 10{cos — + isin—
Real 9 9 5 5

axis 45. 2(cos 155° + isin 155°) 46, 9(cos 58° + i sin 58°)

Real In Exercises 47-58, perform the operation and leave the
I axis result in trigonometric form.

|
|
|
i
|
|
i

P kh
fn Exercises 15-32, represent the complex number (47 [2((:034 + isin )][ (cos— + isin E)]
graphically, and find the trigonometric form of the number.

3 3
: 15, 1+ 16. 5 — Si 48. [ (cosg + isin Z)][él cos%’r + isin—fﬂ
17. 1= ﬁif 18. j:;ﬁf (49, [B(cos 120° + i sin 120°)][X(cos 30° + i sin 30%)]
C =21+ V3 VA -
}f:-.gf 2(1 31) ig 21(2 3 l) 50. [z(cos 100° + i sin 100° ][g (cos 300° + isin 300")]
‘;3) 7£+ " 24' ; ! . ’\_5} (cos 80° + i sin 80°)(cos 330° + i sin 330%)
25'. 5 l 26. X ' 52. (cos 5° + i sin 5°)(cos 20° + i sin 20°)
) o 3(cos 50° + i sin 50°) cos 120° + isin 120°
2. 2/2 - 28, -3 —i 53) :
’ . S22 9{cos 20° + i sin 20°) 2(cos 40° + i sin 40°)
29 5+2 . 30. 8 + 3 . c cos -+ isin 5{cos 4.3 + isin4.3)
31. -8 - 5/3i 32. -9 - 2J/10i " cos(w/3) + isin{w/3) " 4(cos 2.1 + isin2.1)
#77 12(cos 92° + i sin 92°) 6(cos 40° + i sin 40°)

N2l Dlcos 122° + isin 1229) " T{cos 100° + i sin 100°)
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|n Exercises 59-64, (a) write the trigonometric forms of the
complex numbers, {b) perform the indicated operation using
the trigonometric forms, and (o) perform the indicated
operation using the standard forms, and check your result
with that of part (b).

39, 12 =21 = D) 60. (/3 + i)(1 + 9)

g1, - 2L+ 1) 62. 3i(1 — +/2i)
34 1+ J3i
e 4, —=
63 T 84 75 3

In Exercises 65 and 66, represent the powers z, 72, 2, and z*
graphically. Describe the pattert.

66. z :%(1 + J3i)

In Exercises 6/-82, use DeMoivre's Theorem to find the
indicated power of the complex number. Write the result in
standard form,

(67, (1 + i)’ 68. (2 + 2i)f

69, (=1 + 70. (3 — 2i)8

712V i) 72. 41 — V3i)

73, (3(eos 20° + isin 200 74, [3(cos 60° + isin 60°) ]
73, L‘cos T+ isin z)lz 76. |:2(cos-qI + isin E)]S
N 4 4 2 2

77, [3(cos 3.2 + isin3.2)]* 78 {cos 0 + isin 0y

79. (3 — 2i)° 80. (/5 — 4i)°

;'81. [3(cos 15° + isin 15°)}}¢ ""8—_2':'[2(c0s T +isin E)]é
8 Sz 8 8

In Exercises 83-98, {a) use the formula on page 634 to find
the indicated roots of the complex number, (b} represent
each of the roots graphically, and (c) write each of the roots
in standard form.
83. Square roots of 5{cos 120° + i sin 1209

84. Square roots of 16(cos 60% + i sin 60°)

- 27 .. 2w
85. Cube roots of 8| cos —3—— + isin ?

5
86. Fifth roots of 32(cos -g + {sin S?W)

87. Cube roots of —%5(1 + \/I;z)

88. Cube roots of —4/2(—=1 + &)
90. Fourth roots of 625

92. Fourth roots of §
94. Cube roots of 1000
96. Fourth roots of —4
98. Sixth roots of 64i

89. Square roots of —25i
91, Fourth roots of 16

93. Fifth roots of 1

95. Cube roots of — 125
97. Fifth roots of 4(1 — i}

In Exercises 99-106, use the formula on page 634 to find all
the solutions of the equation and represent the solutions
graphically.

99, x4+ (=10 100, ¥* +1=10
101 x3+243=0 102. ¥* —27 =0
103, x* + 16i=10 104, x® + 64i = 0
105. *—(1—-9) =0 106. x*+ (1 + =10

EXPLORATION

TRUE OR FALSE? In Exercises 107 and 108, determine
whether the statement is true or false. Justify your answer.

107. Geometrically, the nth roots of any complex number z
are all equally spaced around the unit circle centered at
the origin.

108. The product of two complex numbers is zero only when the
modulus of one {or both) of the complex numbers is zero.

109. Given two complex numbers z, = ry{cos 6, +isin 8,)
and z, = ry(cos 8, + isin 8,), z, # 0, show that

2= Ncos(s, - 8) + isin(6, — 6,)].

Z; N

110. Show thatz = r{cos(—6) + 1 sin{— 6)] is the complex
conjugate of z = r(cos § + isin 6).

111. Use the trigonometric forms of zand Z in Exercise 110
to find (a) 2Z and (b) 2/Z,Z # 0.

112. Show that the negative of z = r(cos 8 + isin 8 is
—z = rlcos(@ + @) + isin{f + ]

113. Show that (1 — +/3i) is a ninth root of —1.

114. Show that 2744(1 — i) is a fourth root of —2.

115. THINK ABOUT IT Explain how you can use
DeMoivre’s Theorem to solve the polynomial
equation x* + 16 = 0. [Hinx Write —16 as
16(cos 7 + i sin m).]

116. CAPSTONE Use the graph of the roots of a complex
number.

(2) Wiite each of the roots in trigonometric form.

(b) Identify the complex number whose roofs are giver.
Use a graphing utility to verify your results.

(i} - Imaginary (i) Imaginary
axis S axis

Real
axis

Real
axis
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9. 1 EXE Rf I S ES See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

VOCABULARY‘ ill in the blanks Exercises containing systems with no solutions: 29, 30, 33,45, 45, 57, 58

1. A set of two or more equations in two or more variables is called a of
2, A of a system of equations is an ordered pair that satisfies each equation in the system.
3, Finding the set of all solutions to a system of equations is called the system of equations.
J. The first step in solving a system of equations by the method of is to solve one of the equations
for one variable in terms of the other variable.
5. Graphically, the solution of a system of two equations is the of of the graphs of the two equations.
6. In business applications, the point at which the revenue equals costs is called the point.

SKILLS AND APPLICATIONS

In Ex‘ercises 7-10, determine whether each ordered pair is a J_; Ly = -3

solution of the system of equations. [ 2y = 25

@{h—w‘4 @ 0, -4 ® (-2,7) y
Bry=9 @G- @ ()

8, {4x2 ty= 3 (a) (2, ~13) (b) {2, —9)
-3-3 @ (-4 -9

(4,00 (@) (0,-49)
Tx—y= 4 @y (0,-2) (@ (—1,-3)
(

w{ﬂ%x+3=y @ (9.%)  ®(10,2)
pry=% © 03 @24

In Exercises 11-20, solve the system by the method of y y

substitution. Check your solution(s) graphically. i

. [2x+y=6 12, (x — 4y = —11 AV

7 '7'C+y=0 X+3y: 3 x!|7[|l e x 1+
¥ y 2 /AN 2
6 - 4 P
) ot 4t / |

44 ><_/
2+
i 19,[y—x3—3x2+1 =x—3x*+ 4
. BUSREEE

20, |y
y=x*—3x+1 {y

in Exercises 21-34, solve the system by the method of

2 LT \2\ ‘ substitution.
“é 21.{;:— y= 2 zz.{x+4y: 3

P 6x — 5y = 16 2x —Ty=-24
23/ [ —y+2=0 24. [6x—3y—-4=0
dx +y—5=0 x+2y—4=0
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L 25. [L5x + 0.8y = 2.3
0.3x — 0.2y = 0.1

27[x+2y—

: x+ y=20
29. [ 6x+ 5y = -3
{x_s)"_Ff
: 1 xt—y=10

; 2Zx+y=20

4 [x—yf—l

; X - y=—4

:
E' 35 [—x+2y= -2
! x4+ y= 20

{ 37{x-—3y——-3
‘ 5x+ 3y = —6
39. x+y=4
{x2+y —4x =0
41. | x—y+3=0
{ P—d4x+ 7=y
43, (Tx+ 8y =24
{x-Sy“
45. [3x -2y =0
{xz—yz“‘l

47. [ 2+ y2 =25
32 - 16y = 0

49, y=e*
x—=y+1=0

51 [x+ 2y =8
[ y =log, x
53, x4+ y2 =169
{xz — 8y =104

In Exercises 55-64,

26. [05x+32y = 9.0
02x — L6y = —3.6

28. [3x+3y=10

- oy=4
30. {ﬁ%x-!- y=
2x — 3y =

32, | x—2y=10
{3x—y2:

Moiy=—x
y=x> 4+ 3x2 4+ 2x

tn Exercises 35— 48, solve the system graphically.

x—2y=35

*x+2yﬁ—7
x— y=

36.[x+ y=0
38.

—x+y:3
=6 —27T+yr =
42. y2—4x+11— 0

M
44[x— y=0

[
e

5x —2y=6
46. [ 2x—y+3=0
[x2+y —4x =0
48, x2 +y2 =125
[(x“8)2+y = 4]

25 In Exercises 49-54, use a graphing utility to solve the system of
equations. Find the solution(s) accurate to two decimal places.

50 y= —4e F
ly+3x+8=0

52 y+2=In{x - 1)
{3y+2x:9

54, [x2+y2 =4
{sz—y:Z

solve the system graphically or
algebraically. Explain your choice of method.

] 55. |y =2x 56. [x* 4+ y> =125
| {y=x2+l {2x+y=10
§7. [x—2y=4 58, [y=(+1)
{xz*y=0 {y:m
| 59 [y—ex=1 60. [x2+y=4
{y—]nx=3 {e"—y=0
|

62, [y=x> -2+ x -
[y=—x2+3x—1
xy—1= 64, [x -2y =1

0 [ y=Jx—1

BREAK-EVEN ANALYSIS In Exercises 65 and 66, find the
sales necessary to break even (R = C) for the cost € of
producing x units and the revenue R obtained by selling x
units. (Round to the nearest whole unit.)

65. C = 8650x + 250,000, R = 9950x
66. C = 55-/x + 10,000, R = 3.29%

\67 ' BREAK-EVEN ANALYSIS A small software company
invests $25,000 to produce a software package that wiil
sell for $69.95. Each unit can be produced for $45.25.

(a) How rnany units must be sold to break even?
(b) How many units must be sold to make a profit of
$100,000?
08. BREAK-EVEN ANALYSIS A small fast-food restaurant

invests $10,000 to produce a new food item that will sell
for $3.99. Each item can be produced for $1.90.
{a} How many items must be sold to break even?
{b) How many items must be sold to make a profit of
$12,0007

69. DVD RENTALS The weekly rentals for a newly
released DVD of an animated film at a Tocal video store
decreased each week. At the same time, the weekly
rentals for a newly released DVD of a horror film
increased each week. Models that approximate the
weekly rentals R for each DVD are

R =360 — 24x
R= 24 + 18x

Animated film

Hortor film

where x represents the number of weeks each DVD was
in the store, with x = 1 corresponding to the first week.

(a) After how many weeks will the rentals for the two
movies be equal?

(b) Use a table to solve the system of equations numer-
ically. Compare your result with that of part (a).

70. SALES The total weekly sales for a newly released
portable media player (PMP) increased each week.
At the same time, the total weekly sales for another
newly released PMP decreased each week. Models that
approximate the total weekly sales § (in thousands of
units) for each PMP are

PMP 1
PMP 2

§= 15x+ 30
§=-20x + 190
where x represents the number of weeks each PMP was

in stores, with x = 0 corresponding to the PMP sales on
the day each PMP was first released in stores.

i

;
| ?
. 4
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9 2 EXE RC I S ES See www.CalcChat.com for worked-out solutions to odd-numbered exercises.
Exercises containing systems with no solutions: 9,10,21,34

VOCABULARY Fill in the blanks. Exercises containing systems with infinitely many solutions: 11,1 2,22,23,24,33
{, The first step in solving a system of equations by the method of is 1o obtain coefficients
for x {or ¥) that differ only in sign.
3, Two systems of equations that have the same solution set are called systems.
3, A system of linear equations that has at least one solution is called , whereas a system

of linear equations that has no solution is called

4. In business applications, the is defined as the price p and the number of units x

that satisfy both the demand and supply equations.

SKILLS AND APPLICATIONS
In Exercises 5-12, solve the system by the method of @J Jx—2y= 5 12. 9x — 3y = —15
elimination. tabel each line with its equation. To print —6x + 4y = —10 %+ y= 5
an enlarged copy of the graph, go to the website
www.mathgraphs.com. y
(5.{2x+y=5 6. [ x+3y=1 6
x—y=1 —x+2y=4 4
: y
T s A ek
PRy AR
__/
‘;-H;»x In Exercises 13-30, solve the system by the method of
-4 -2 .1 2 elimination and check any solutions algebraically.
+ (13: {x 2y =6 14. {3): —5y= 8
N
8. [2x — -3 x—-2y=12 2x + 5y =122
. | 2x y = e
{4):_'_3)):#21 (\_]5. 5¢c+3y=6 16.{){4‘ Sy = 10
3x— y=35 3x — 10y = =5
\ /u (17 {Bx + 2y = 10 18. [ 2r+ 4s= 5
>||=|l- 2«'C+5y:3 16r+503=55
19. {5u + 6v = 24 20. 3+11y:4
3u+ 5v =18 —-2x = =9
21 (L + =4 22. [3x + y=§
9x + 6y = 3 S + 3y =3
10, [3x+2y= 3 @ 21,
6x + dy = 14 —-5x+ 6y=—3 7x+ By= 6
20x — 24y = 12 dx — 1oy = —12
25. (02x — 0.5y = —27.8 26. [0.05x — 0.03y = 021
03x+ 04y = 687 0.07x + 0.02y = 0.16
. ’5)4b+ 3m= 3 28, 2x+5y——8
R
3b+11m:13 5x+8y
H +
: R 3‘__2 _ 4

2x—y—12 x—-2y—5
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In Exercises 31-34, match the system of linear equations with
its graph. Describe the number of solutions and state
whether the system is consistent or inconsistent. [The graphs
are labeled (a), (b}, (0 and (d).]

@ {1

s e

(d ’

@[n— 5y =0

x— y=3
eTyY = _ J _ -
@ —Tx + 6y 4 34 [ Tx — Gy 6

14x — 12y 8 —Ix + 6y = —4

@/{h ~Sy= 0
S’

2x —3y=—4

In Exercises 35-42, use any method to solve the system.

(35 [3x sy =7 36. {x +3y =17
3s.

2x+ y=9 dx + 3y = 7
37. [y=2x— 5 38, [7x+ 3y =16
{y:Sx—ll [ y=x+2
39 [ x—-5y=21 40. |y=—2x— 17
{6x+5y=21 {y=2—3x
4. {—~5x+9y =13 42. [ 4x-3y= 6
{ y=x—4 {—5x+7y=—1

43, AIRPLANE SPEED An airplane flying into a
headwind travels the 1800-mile flying distance between
Pittsburgh, Pennsylvania and Phoenix, Arizona in 3 hours
and 36 minutes. On the return flight, the distance is
traveled in 3 hours. Find the airspeed of the plane and the
speed of the wind, assuming that both remain constant.

44, AIRPLANE SPEED Two planes start from Los
Angeles International Airport and fly in opposite
directions. The second plane starts % hour after the first
plane, but its speed is 80 kilometers per hour faster. Find
the airspeed of each plane if 2 hours after the first plane
departs the planes are 3200 kilometers apart.

——

SUPPLY AND DEMAND In Exercises 45-48, find th
equilibrium point of the demand and supply equations. The
equilibrium point is the price p and number of units x thay
satisfy both the demand and supply equations.

Demand Supply
45, p = 500 — 0.4x p =380 + 0.lx
46. p = 100 — 0.05x p=25+01x

47. p = 140 — 0.00602x
48. p = 400 — 0.0002x

p = 80 + 0.0000Lx
p = 225 + 0.0005x

495 NUTRITION Two cheeseburgers and one small order

of French fries from a fast-food restaurant contain a
total of 830 calories. Three cheeseburgers and two small
orders of French fries contain a total of 1360 calories,
Find the caloric conteat of each item.

50. NUTRITION One eight-ounce glass of apple juice and
one eight-ounce glass of orange juice contain a total of
177.4 milligrams of vitamin C. Two eight-ounce glasses
of apple juice and three eight-ounce glasses of orange
juice contain a total of 436.7 milligrams of vitamin C,
Hew much vitamin C is in an eight-ounce glass of each
type of juice?

51. ACID MIXTURE Thirty liters of a 40% acid solution is
obtained by mixing a 25% solution with a 50% solution.

{a) Write a system of equations in which one equation
represents the amount of final mixture required and
the other represents the percent of acid in the final
mixture. Let x and y represent the amounts of the
25% and 50% solutions, respectively.

4 (b) Use a graphing utility to graph the two equations in
part (2) in the same viewing window. As the amount
of the 25% solution increases, how does the amount
of the 50% solution change?

(c) How much of each solution is required to obtain the
specified concentration of the final mixture?

52. FUEL MIXTURE Five hundred gallons of 89-octane
gasoline is obtained by mixing 87-octane gasoline with
92-octane gasoline.

(a) Write a system of equations in which one equation
represents the amount of final mixture required
and the other represents the amounts of 87- and
92-octane gasolines in the final mixture. Let x and y
represent the numbers of gallons of 87-octane and
92-octane gasolines, respectively.

%4 (b} Use a graphing utility to graph the two equations in
part (a) in the same viewing window. As the amount
of 87-octane gasoline increases, how does the
amount of 92-octane gasoline change?

(¢} How much of each type of gasoline is required to
obtain the 500 galions of 89-octane gasoline?




INVESTMENT PORTFOLIO A totl of S24.000 is
invested in two corporate bonds that pay 3.5% and 3%
simple interest. The investor wants an annual interest
income of S930 from the nvestments. What amount
should be invested in the 3.3 bond?

z4, INVESTMENT PORTFOLIO A total of $32.000 is
imested in two municipal bonds that pay 3.75% and
6.25% simple interest. The investor wants an annual
interest income of 1900 from the investments. What
amount should be invested in the 3.73% bond?

PRESCRIPTIONS The numbers of prescriptions P (in
thousands) filled at two pharmacies from 2006 through
2010 are shown in the table.

Tn
L7 11

R

2006

19.2 20.4
2007 19.6 203 '
2008 20.0 , 21.1
2009 20.6 213 :
2010 213 220 ’

 E—

f._b, (a) Use a graphing utility (o create a scatter plot of the
data for pharmacy A and use the regression feature
1o find a linear model. Let 7 represent the year, with
¢ = 6 corresponding to 2006. Repeat the procedure
for pharmacy B.

Assuming the numbers for the given five vears are
representative of future vears, will the number of
prescriptions filled at pharmacy A ever excead the
pumber of prescriptions filled at pharmacy B? If so,
when?

demand for a product as a functien of the price. The
daily sales for different prices of the product are shown
in the table.

$1.00 45
51.20 37
$1.50 23

(2} Find the least squares regression line y = ax + b
for the data by solving the syvstem for a and b.

103.00
12390

g 3.006 + 3.70a
3706 = 4.69a

Il

il

(b) Use the regression feature of a graphing utility to
confirm the result in part (a),

Section 9.2 Two-Variable Linear Systems

t¢y Use the graphing utilicy to plot the data and graph the
linear model from part (a1 in the same viewing window.

(dy Use the linear model from part (u) to predict e
demand when the price s 5173

FITTING A LINE TO DATA In Exercises 57-60, find the
least squares regression ling y = ax + b for the points

O v, D, v - (X, )

by solving the system for a and b.

nb + (i xj)a

Il
—,

(

Then use a graphing utility to confirm the result. (If you are
unfamiliar with summation notation, look at the discussion
in Section 11.1 orin Appendix B at the website for this text at
academic.cengage.com.)

57.

hl
E XI-VE)

i=1

—
A=
R

e
o
+
T
[v]=
Ra
N
s
(=¥}
I

N
4

=23

] -

[ N LTI S]]

.
-+

(08 0,60 2,40, (50D
(1,000 02, 1.0, (3,230, (4 381

(5. 4,00, (6,3.3),17.6.71.18,6.9]
61. DATA ANALYSIS An agricultural scientist used four
test plots 1o determine the relationship between wheat
vield v (in bushels per acre} and the amount of fertilizer
x (in hundreds of pounds per acre). The results are
shown in the 1able.

1

1.

20 48

25 53

{a) Use the technique demonstrated in Exercises 37-60
to set up a svstem of equations for the dara and 1o
find the least squares regression line y = ax = &.

(b) Use the linear model t¢ predict the vield for a
feriilizer application of 160 pounds per acre.
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10.1  EXERCISES

vOCABULARY: Fill in the blanks.

See www.CalcChat.com for worked-out solutions to odd-numbered exercises.
Exercises containing systems with no solutions: 81,82; Exercises containing
systams with infinitely many solutions: 70,78, 79, 80, 85, 86, 89, 90

. A rectangular array of real numbers that can be used to solve a system of linear equations is called a

entries.

1

2. A matrix is if the number of rows equals the number of columns.
3. For a square matrix, the entries @, @y, g3, . - - » G, are the

4, A matrix with only one row is called a

a matrix.

5. The matrix derived from a system of linear equations is called the

6. The matrix derived from the coefficients of a system of linear equations is called the

7. Two matrices are called
elementary row operations.

8. A matrix in row-echelon form is in

matrix, and a matrix with only one column is called

matrix of the system.
matrix of the system.

if one of the matrices can be obtained from the other by a sequence of

if every column that has a leading 1 has zeros

in every position above and below its leading 1.
SKILLS AND APPLICATIONS

In Exercises 9—14, determine the order of the matrix.

9.7 0l a0)[5 -3 8 7]
a2 _[-3 7 150
AL | 36 /120 0 0 3 3
T3 g 11 6 7
33 45 -7 6 4
13. [—9 20] 14'[ 0 -5 J

In Exercises 15-20, write the augmented matyix for the
system of linear equations.

=;1—§;\’{4x—3y:—5 16. {7x+4y=22

e+ 3y =12 S5x~ 9y =15

(17, [x+10y-2=2 18 [-x-8+ S2= 8
Sx — 3y+4z:0 —Tx — 157 = —38

o+ oy = § 3x— y+ 8z= 20

(\iE,{?x—Sy%- =13 20. {9x+ 2y — 3z= 20
19x - 8=10 —25y + iz = -5

In Exercises 2126, write the system of linear equations
represented by the augmented matrix. (Use variables x, y, z,
and w, if applicable.)

=12 8T 7 -5 10
e -3 4} 2y 73 zxz]
20 5 & -12
23|10 1 -2 7
— 163 0 2

[ 4 -5 -1 : 18
24, |—11 0 25

| 3 8 0 -29

9 12 3 0 0
~|—2 18 5 2 10
€ B R S S
3 0 2 0 : —10

6 2 -1 -5 =25

-1 0 7 3 7
26. 4 —1 —10 6 23
0 8 1 -1 i =2t

In Exercises 27-34, fill in the blank(s) using elementary row
operations to form a row-equivalent matrix.

~(1 4 3 3 6 8
5 10 5] 28. 4 -3 6]
B 4 3 ' %
K] —1] 4 -3 6
1 11 -3 3 12
215 -2 4] 0| 15 -3 4]
(1 11 1 -1
K —1] 18 —8 4]
(1 5 4 -1 1 0 6 1
.lo 1 -2 2 32.10 -1 0 7
o0 1 -7 o 0 -13
1 0 (1 0 6 1
01 -2 2 0 1.0
00 1 -7 0 01




-2 05 1
'@[3—1—3}

730 Chapter 10 Matrices and Determinants

11 4 —1 2 4 8 3
33, 3 8 10 3| 34(1 -1 -3 12
L—z 1126 2 6 49
1 4 —1] 1 7
0 1 -1 -3
03 | 12 6 9 |
11 4 -1} 1 2 3
2 6
0 1 -3 5 0 -7 %
0 3 | 02

In Exercises 35-38, identify the elementary row operation(s)
being performed to obtain the new row-equivatent matrix.

New Row-Equivalent Matrix

[13 0 —39]
3 -1 -8

Original Matrix

Original Matrix New Row-Equivalent Matrix
[ 3 -1 —4 3 -1 —4
36. | —4 3 7] |5 0 - 5]
Original Matrix New Row-Equivalent Matrix
0 -1 -5 s} -1 3 -7 6
37. | -1 3 -7 6 0 -1 -5 5
4 -5 1 3/ [ o0 7 -27 2

QOriginal Matrix

New Row-Equivalent Matrix
-1 -2 3-2] [-1 -2 3 =2
38. 2 -5 1 =7 0o -9 7 —-11
5 4 -7 6 | 0 —6 g —4

"\'___39 Perform the sequence of row operations on the matrix.

g

What did the operations accomplish?

1 2 3
2 -1 —4
3 1 -1

(a) Add —2times R, to R,
(b) Add —3times R, o R,.
{c) Add —1times R, to R,
(d) Multiply R, by —5.
(e) Add —2times R;to R,.
49. Perform the sequence of row operations on the matrix.
What did the operations accomplish?

7 1
0 2
-3 4
4 1

(a) Add R,to R,.
(b} Interchange R, and R,.

{c) Add 3 times R to R;.

{d) Add —7times R to R,.

(¢) Multiply R, by .

(f) Add the appropriate multiples of R,to R, Ry,and R
In Exercises 41-44, determine whether the matrix is i

row-echelon form. 1f it is, determine if it is also in reduce
row-echelon form.

(1 0 0 0 (1 3 0 0]
41.l0 1 1 5 42 01 8
0 000 0 0 0 O]
(1 0 0 1 1 0 1 0]
43.l0 1 0 -1 4. /0 1 0 2
0 0 0 0 0 1 O]

In Exercises 45-48, write the matrix in row-echelon forn
(Remember that the row-echelon form of a matrix is n
unique.)

(1 1 0 5 1 2 -1 3
45.1-2 -1 2 -10| 46.{ 3 T -5 14
| 3 6 7 14 -2 -1 -3 8
1 —~1 -1 1 1 -3 0 -7
47.] 5 -4 1 8| 48 (-3 10 1 23
-6 8 18 0 4 —10 2 -2

2% |n Exercises 49-54, use the matrix capabilities of a graphir

utility to write the matrix in reduced row-echelon form,

3 3 3 1 3 2
49.1-1 0 —4 50, |5 15 9
2 4 -2 2 6 10
1T 2 3 -5
1 2 4 -9
SLl_, 4 —4 3
4 8 11 —14
[ -2 3 -1 -2
4 -2 5 8
. 5 =2 0
L 3 g 10 -30
-3 5 1 12 5 1 2 4
53'[ 1 -1 1 4] 5. [—1 5 10 —32]

In Exercises 55-58, write the system of linear equatio
represented by the augmented matrix. Then use bac
substitution to solve. {Use variables x, y, and z, if applicablt

| -2 i 4 I 5 i 0
55'[0 1 1—3] 56'[0 1 5—1]
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1 -1 2 4 1 2 -2 : -1 84. x—4dy +3z—2w= 9
57|01 -1 2] 5810 1 | 9 3x—2y+ z—4w=—13
0 0 L i -2 0o 1 i -3 —d4x+ 3y -2+ w= -4

In Exercises 59—62, an augmented matrix that represents
a system of linear equations {in variables x, y, and z, if appli-
cable) has been reduced using Gauss-Jordan elimination.
Write the solution represented by the augmented matrix.

P o0 i3 10 i -6
59. [o P —4} 60. [0 1 10]
1 00 4 100 : 5
6lo 10 : —10| e2lo 10 t--3
00 1 4 0 0 1 0

In Fxercises 63-84, use matrices to solve the system of
equations (if possible). Use Gaussian elimination with
back-substitution or Gauss-jordan elimination.

x+2y=17 64. [2x + 6y = 16
2x+ y=38 {2x+3y:7
3x— 2y =27 66. [—x+ y= 4
x+3y= 13 {2}:—4);:—34
—2x+ 6y = —22 68. 5x— 5= -5
x+2y= -9 {2x—3y— 7
Bx — 4y = 70. x—3y= 5
Sx+2v=1 {2x+6y——10
X —3z=-2 T2 [2x— y+3z=124
3x+ y—2z= 5 [ 2y — z=14
x+2y+ z= 4 Tx — 5y 6

—x+ y—z=-14 T4
2x— y+z= 21 x—3y+z=—28
3x+ 2y +z 19 -x+ ¥ = 14

7{ x4+ 2y - 3= —28 76.i3x—2y+ 2= 15

x+2y—z= 2

dy+2z= 0 ~x+ y+22=-10
—x+ y— z= —5 x— y—4z= 14
x+2y=0 78.
—x— y=0
79. x+2y+ z= 8 80,
3x+7y+62226

x+y+4z=5
2x+y— z=9

—x+ y= =22 2. x+2y=20
3x + 4y = 4 x+ y=6
4x — 8y = 32 3x— 2y =8

x+2y— z+ w=
x — y+4z+2w—'25

-2+ y+22— w= 12
x+ y+t z+ w= 6

—2x+ y—4:+3w=-10

5 In Exercises 85-90, use the matrix capabilities of a graphing

utility to reduce the augmented matrix corresponding to the
system of equations, and solve the system.

85. (3x +3y+12z= 686 [ 2x+10y+2z=
} x4+ y+ dz= 2 x+ S5y + 2z
2x + 5y + 20z =10 x+ Sy+ z
|—x+2y+ 8= 4 —3x — 15y — 3z
87. [2x+ y - z+2w=—6
3x + 4y + w= 1
x+ 5y +2z+6w= -3
Sx+2y — z—- w= 3
88, [ x+2y+2+ dw= 11
3x+ 6y + 5z + 12w = 30
x+3y—3z+ 2Zw=-5
ox— y— z+ w=—9
89, { x+ y+tz+ w=20
24+ 3y+z—-2w=0
3x +5v+z . =0
9. [x+2y+z+3w=0
xX— ¥y + w=10
y—z+2w=0

I

i
=R VLI Mo

ln Exercises 91-94, determine whether the two systems
of linear equations yield the same solution. If so, find the
solution using matrices.

91. (@) {x —2y+ z=-6 () {x+y—2z= 6

y-—3z= 16 y+3z= -8

z=-3 z= -3

92. (a) [x—3y +4z=-11 () [x+ 4y = -1
y— z= —4 y+3z= 4

7= 2 z= 2

93, (a) [x—dy+5z= 27 (b) [x—6y+ z=15
y—Tz=-54 y + 5z =42

z= 8 z= 8

9, (a) [x+3y—- z= 19 (b x—y+3z=-15
y+6z=—18 y—12z= 14

z= —4 z= —4

In Exercises 95-98, use a systemn of equations to find the
quadratic function f(x) = ax? + bx + ¢ that satisfies the
equations. Solve the system using matrices.

95, f(1) = 1,f(2) = ~1,f(3) = -
96. f(1) = 2,f(2) = 9,/(3) = 20
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a——

1 0.2 EXE RCI S ES See www.CalcChat.com for worked-out solutions to odd-numbered exescises,
Exercises in which the operation is not possible: 17{a), 17(b}, 17(dy

VOCABULARY 18(a), 18(b), 18(d), 33, 40, 44,45, 51(c), 52(c), 79, 80,81, 84

In Exercises 1-4, fill in the blanks.

\/— Two matrices are if all of their corresponding entries are equal.

;i'. When performing matrix operations, real numbers are often referred to as

_;"3: A matrix consisting entirely of zeros is called a matrix and is denoted by .

~ - P . . . y .

/&,. The n x n matrix consisting of 1’s on its main diagonal and 0’s elsewhere is called the

e

matrix of order n X n.

In Exercises 5 and 6, match the matrix property with the correct form. A, B, and C are matrices of order
m x n, and ¢ and d are scalars.

S.(ay lLA=A . (i) Distributive Property
MHA+B+C)=@A+ B+ C (i) Commutative Property of Matrix Addition
(c} (c + A = cA + dA (iii) Scalar Identity Property
(d) (cd)A = c(dA) (iv) Associative Property of Matrix Addition
(e) A+ B=B+A (v) Associative Property of Scalar Multiplication
6. (a) A+ O=A (i) Distributive Property
(b) c(AB) = AlcB) (i) Additive Identity of Matrix Addition
(c) A(B + C) = AB + AC (iii} Associative Property of Matrix Multiplication
(d) A(BC) = (AB)C (iv) Associative Property of Scalar Multiplication ;
SKILLS AND APPLICATIONS i
In Exercises 7-10, find x and y. - 4 5 —1 3 4
1. A:[1 2 -2 -1 0]’
. [x 42] _ {—4 —2] 3. [—5 x] _ [_5 13} B
7y 7 22 y 8 12 8 B:{IOIIO]
[ 4 54 (16 4 2x+1 4 -6 8 2 -3 -7
e/,‘ -3 13 15 6|={—-3 13 15 3x -1 4 0 -3 5 1
o 2 40 L0 2 3-5 0 . 3 -2 2 2 -4 7
x+2 8 -3] [z+e6 8 -3 Q‘}-‘A\ s 4 -1 B=| 10 -9 —1
10. 1 2y 2| = 1 18 -8 0 8 -6 3 02 —4
7 -2 y+2) 7 -2 11 -4 -1 0 ot -2
. S 17.A—[6 0 3] B=[8 —1]
In Exercises 11-18, if possible, find a} A + B, () A — B, -1 -4 0Ff 4 -3
(c) 34, and (d) 3A — 2B. 3
y 1 —1 2 -1 18. A=| 2|, B=[-4 6 2
@‘Azp —1]’ BZ[—I 8] -1 :
12. 4= L‘l? 21] B = [ ?i %] In Exercises 19-24, evaluate the expression.
g —1 1 6 -5 0 7 1 -10 —8
B.oA=| 2 3| B=|-1 =5 |7 —6]+[—2 —1]+[ 14 6]
| —4 5 1 10 20, [ 6 8] + [ 0 5] n [—11 —7]
1 -1 3 -2 0 -5 -1 0 -3 -1 2 -1
u A=[0 6 9]’ 32[43 4 —7} - 4([44 0 1]_[2 1 —2])
0 2 3 3 -6 0
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M5 -2 4 0]+[14 6 ~18 9] 00 5 6 —11 4
0 -3 -6 3 4 -4 3. A=|0 0 -3 B=18 16 4
2 ’3([7 2] ' [ 8 1]) B 2[7 —9] 0 0 4 0 00
4 11 1 -5 -1 7 5 139 A= ig} B=[6 -2 1 6]
R R - | R R = L
9 3 0 13 6 —1 _[t 0o 3 -'2] _ [1 6]
WA=lg 3 g-17) BTle 2
% In Exercises 25-28, use the matrix capabilities of a graphing o, ) ) o ]
utility to evaluate the expression. Round your results to three — In Exercises 41-46, use the matrix capabilities of a graphing
decimal places, if necessary. utility to find AB, if possible.
7 5 -4 2 -2 3
232 5 -3 0
2m§L4 _J+6[2 J 41.A=|-2 § 1|, B=| 8 1t 4
T 14 -11 -2 20 L 10 —4 =7 428
26.5:([";22 19] +-{ 13 6]) (11 -12 4 12 10
[ 3211 68297 [-1630 ~3.090 A A E I
27. —i —1.004 4914 | — 5.256 8.335 -
0055 —3889] |-9.768 4251 (3 8§ -6 8 316
10 15 1 —-13 i1 -3 13 43. A =|—-12 15 9 6|, B= ?2 1(5) ;‘
28 —| —20 10 +§ 7 0|+ -3 8 L 5 -1 1 5
12 4 6 9] [-14 15 8 —4 10
—2 4 8 2 0
In Exercises 29-32, solve for X in the equation, given 44, A = _ -7 15
-2 7 0 3 Bz 6 3& f6
A=1] 1 0] and B=1] 2 0). ' ' ‘
3 -4 —4 -1 - 10 —38 IS:I :
L 45. 4 [IOO —-50 250 75) i
(29, X =34 - 2B 30. 2X =24 — B _52%32745 g
31.2X +34=8 32. 2A + 4B = —2X B =140 -135 22
In Exercises 3340, if possible, find AB and state the order of 16, A lj B ;2 3 [—7 ! — 1}
the result. A= » b=
] ) 9 71 7 15 26
- 21 0 -1 0
33 A=1-3 4] B= 4 2 In Exercises 47-52, if possible, find (a) AB, (b} BA, and () A%
L 1 6 8 -1 7] {(Note: A? = AA) i
0 -1 2 2 —1] . 7
o~ 12 T2 -1
M4.4=16 0 3|, B=[4 -5 d?A—L 2}3—[4 8
o -16 . [2 3] : —2 -4} 2 4]
5 = —4 = T
’ 09 P 1 -3
L 03 ] .4 L 3}B‘E 1]
10 0] 3 00 N L3
%.A4=|0 4 0] B=|0 -1 0 S&A=h J B—[__3 |
0 0 -2 0 05 ; :
r 1 r1
- 5 00 s 000 s.A=| 8| B=1 1 2]
3.A=[0 -8 0, BE=|0 -5 O 1
0o 0 7] o o 3

2
52.4=[3 2 1], B=|3
0
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In Exercises 53-56, evaluate the expression. Use the matrix
capabilities of a graphing utility to verify your answer.

slo e ok 4

0 3
54. 3 [? _; —é]—1 -3
4 1
) 4 0 -2 3
55.2 T_i] 0 —1{+|-3 5
- -1 2 0 -3
[ 3
56. *; (5 -6]+[7 —1]+{-8 9]
7

In Exercises 57-64, (a) write the system of linear equations
as a matrix equation, AX = B, and (b) use Gauss-Jordan
elimination on the augmented matrix [A ¢ B] to solve for the
matrix X.

57 —x +x,=4 58. [2x, + 35, = 5

o [—le +x, =0 x, +dx, =10

59, |—2x, —3x,= -4 60, |—dx +9x,=—13
O6x, + x,= —36 n— 3= 12

X — 2o+ 3x, = 9
-x +3x - x=-0
2%, — 5xy + 5x, = 17

62.[ 0t x—3x,= -1

~-x, + 2x, = 1

X~ xt x,= 2
63. X —  Sx, + 2%, = 20
=3x,+ x - x= 38

64, [x, —
3x, = -11
—6x, + 5x; = 40

f@ MANUFACTURING A corporation has three factories,
each of which manufactures acoustic guitars and
electric guitars. The number of units of guitars produced
at factory j in one day is represented by a;; in the matrix

4|70 50 25
135 100 70

Find the production levels if production is increased by
20%.

66. MANUFACTURING A corporation has four factories,
each of which manufactures sport utility vehicles and
pickup trucks. The number of units of vehicle i produced
at factory j in one day is represented by a,; in the matrix

i a\)

68.

A_[IOO 9 70 30
Tl 40 20 60 60)

Find the production levels if production is increased by
10%.

. AGRICULTURE A fruit grower raises two crops,

apples and peaches. Each of these crops is sent to three °
different outlets for sale. These outlets are The Farmer's
Market, The Fruit Stand, and The Fruit Farm. The |
numbers of bushels of apples sent to the three outlets are
125, 100, and 73, respectively. The numbers of bushelg |
of peaches sent to the three outlets are 100, 175, anq
125, respectively. The profit per bushel for apples is °
$3.50 and the profit per bushel for peaches is $6.00. :

(a) Write a matrix A that represents the number of
bushels of each crop i that are shipped to each outlet |
J- State what each entry a;; of the matrix represents,

(b) Write a matrix B that represents the profit per -
bushel of each fruit. State what each entry b,; of the
matrix represents.

(¢) Find the product BA and state what each entry of the
matrix represents.

REVENUE An electronics manufacturer produces three
models of LCD televisions, which are shipped to two
warchouses. The numbers of units of model § that are
shipped to warehouse j are represented by a;;in the matrix

3,000 4,000
A =}16,000 10,000 |.
8,000 5,000

The prices per unit are represented by the matrix
B = [$699.95 $899.95 $1099.95}

Compute BA and interpret the result.

. INVENTORY A company sells five models of computers

through three retail outlets. The inventories are repre-
sented by S.

Model
f—Aﬁ

[}

]
2O W o
R R T
— L3 p
W o ow g
MW o I

1
21 Outlet
3

The wholesale and retail prices are represented by 7.
Price ’
Ty
Wholesale Retail
$840 $i100
$1200 $1350
$1450 $1650
$2650 $3000
$3050  $3200

Modei

mo 0w »

Compute ST and interpret the result.
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10.3 EXERCISES

vOCABULARY: Fill in the blanks.

1. Ina

X =
SKILLS AND APPLICATIONS

In Exercises 5—12, show that B is the inverse of A.

: 21 3 -1
54715 3]’3 = [—5 2]
1 -1 2 1
6.A=1_1 2]’3 [1 1}
12 -2 1
1 -1 3 1
8.4=1) 3]’}3:[_; j
- 3 3
2 —17 11 11 2
9, A=!-1 11 _7,B=[24-3
o 3 -2 3 6 -5
_ [ 1 1 3
-4 1 5 2 2
10.4=|-1 2 4 B=| 3 -1 -4
0 -1 -1 Loy 1
ol 4 4
(-2 2 3 1'—4 -5 3
L.a=| 1 -1 0 B=3/—-4 -8 3
0 1 4 | 1 20
-1 10 -1
- 1 -1 1 0
- AZAE 2 o)
0 -1 1 1
-3 11 -3
11-3 -1 2 -3
B30 11 0
B -3 =21 0

In Exercises 13—24, find the inverse of the matrix (if it exists).

. If there exists an # x »n matrix A~! such that A4~" = [, = A7!A, then A7 is called the

2
3. If a matrix A has an inverse, it is called invertible or
4

See www.CalcChat.com for worked-out solutions to odd-numbered exercises.
Exercises in which the inverse matrix does not exist: 21,22,30,37; Exercise containing system

with no solution: 53; Exercises containing systems with infinitely many solutions: 59,60

matrix, the number of rows equals the number of columns.

of A.

. if it does not have an inverse, it is catled

. If A is an invertible matrix, the system of linear equations represented by AX = B has a unique solution given by

o 1 2 2
19003 5 4 20.{ 3 7 9
T3 6 5 -1 -4 -7
(-5 0 0 1 0 0
21,1 2 0 0O 22.13 0 0
-1 5 7 2 5 5
(-8 0 0 © (1 3 -2 0
010 0 0 2 4 6
BV 04 0 Ml o -2 1
| 000 -5 0 0 0 5

7 In Exercises 25-34, use the matrix capabilities of a graphing

utility to find the inverse of the matrix (if it exists).

20 T 2
. w[l 7]
L =2 [—7 33
13 [2 —3] 161 4 —19

3 1 | 4 -1
w )] ] 4]

1 2 -1 (10 5 7
25.| 3 7 -10 2. -5 1 4
-5 =7 -15 | 3 2 -2
11 2 3 2 2
27.1 31 0 28.| 2 2 2
-2 0 3 -4 4 3
(1 3 1 [ 3 Eoou
S 6 3 6
3 s
2.0 1 0 —3 .l 0 5 2
1
[0 -1 2 AR
[ 01 02 03 (06 0 -—03
3.1 -03 02 02 32107 -1 0.2
05 04 04 1 0 -09
-1 0 1 0 1 -2 -1 -2
0 2 0 -1 3 -5 -2 =3
B2 0 -1 o Mo, 5 22 =5
0 -1. 0 1 -1 4 4 11

In Exercises 35-40, use the formula on page 763 to find the
inverse of the 2 x 2 matrix (if it exists).

2
3s. [_1

_:?:7 [ —4

2

]
B

36.

ol

-

—12

5

H

3
2

]
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39. [ - } 40. [* }
In Exercises 41—44, use the inverse matrix found in Exercise
15 to solve the system of linear equations.

Ll BIfd
[T TP S ()
N=1[--I A=

Lafih g p—

41 x—2y= 3 2. x—2y=0
2x — 3y =10 2x -3y =3
43.{xf2y=4 4, [ x—2y= 1
Ix — 3y =2 2x—3y=-2

In Exercises 45 and 46, use the inverse matrix found in
Exercise 19 to solve the system of linear equations.

x+ v+ z=-1
Ix+ S5y +4z= 2
3x+6y+5.= 0

@ x+ y+ z=0 46.
Ix+5y+4z=735
Ix+ 6y +5z=2

In Exercises 47 and 48, use the inverse matrix found in
Exercise 34 to solve the system of linear equations.

7. 5, —2,— 55— 2= 0
3x, — 5%, — 2%, — 3y =
2x, — S5xa, — 23— 5%
—x, + dx, +dxy + 1x, = 2

f
I
—_

48, X, — 2= X 2= 1
3x, — 5xy — 2x, — 3= —2
12x1—5x2~2x3— 52,= 0

—x, + dxy +dxy + 1lx, = 3

A 0 Exercises 49 and 50, use a graphing utility to solve the

vrr—t

system of linear equations using an inverse matrix.

49. x + 2x; — Xyt 3x, — x5 = =3
X, =3+ Xyt 2 —xs =3

26+ Gt X3k tis= 6
X~ Xt 2t ox, x5 = 2
2%, + x, — xy+ 2, + x5 = =3
50 x, +x,— x3+3x—x= 3
e, bt ot oxtxg = 4
Xt Xy b2 T x5 T 3
2%, + xy b dxy + oxy—xs = 1
3ty oxy 2yt = S

In Exercises 51--58, use an inverse matrix to solve (if possible)
the system of linear equations.

51, [3x+4y= -2 52, [18x + 12y =13
[Sx +3y= 4 {30): + 24y =23

53. (—04x + 08y =16 54. [02x—06y= 24
{ 2x— 4dy=15 {—-x+1.4y:—8.8

'[.\577," dx - y+ z=-5

—_
55. [—ix+3y= -2 56. |3x — y=—20
o Axtdy=-12 ix -3y = —51

58, [dx — 2y + 3z = -2
2x+ 2y + 5z2= 1g
x5y —2z= 4

2x+ 2y +3z= 10
5x —2y+6z= 1

Y7 1n Exercises 5962, use the matrix capabilities of a graphing

utility to solve (if possible) the system of linear equations.

50, (5x—-3y+2z= 2 60 [2x+3y+ S5z= 4
2x+2y—3z= 3 x+ S5y + 92= 7
x—Ty+8=-4 Sx+ 9% + 172=13

61 3x—2v+ z=—29
—dx+ y-—3z= 37

x—5y+ z=—-24

62. [—8x + Ty — 10z = —151
12x+3y— 5z2= 86
15x — 9y + 2z= 187

In Exercises 63 and 64, show that the matrix is invertible and
find its inverse.

sin cos 8]

tan § sec

63. A = [—cos @ sind

64'A=[sec9 tanﬂ]

INVESTMENT PORTFOLIO in Exercises 65-68, consider 2
person who invests in AAA-rated bonds, A-rated bonds, anc
B-rated bonds. The average yields are 6.5% on AAA bonds, 7%
on A bonds, and 9% on B bonds. The person invests twice a
much in B bonds as in A bonds. Let x, ¥, and z represent the
amounts invested in AAA, A, and B bonds, respectively.

X+ y+ z = (total investment)
0.065x + 0.07y + 0.09z = (annual return)
- z=10
Use the inverse of the coefficient matrix of this system to finc
the amount invested in each type of bond.

_ Total Investment Annual Return

{65/ $10,000 $705
66. $10,000 $760
67. $12,000 $835

68. $500,000 $38,000

PRODUCTION In Exercises 69-72, a small home busines:
creates muffins, bones, and cookies for dogs. In addition ¢
other ingredients, each muffin requires 2 units of beef, 3 unit
of chicken, and 2 units of liver. Each bone requires 1 unit o
beef, 1 unit of chicken, and 1 unit of liver. Each cookie require:
2 units of beef, 1 unit of chicken, and 1.5 units of liver. Find th
numbers of muffins, bones, and cookies that the company cai
create with the given amounts of ingredients.
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10.4 EXERCISES
VOCABULARY: Fill in the blanks.

1. Both det(A) and |A| represent the of the matrix A.

See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

2. The M, of the entry a; is the determinant of the matrix obtained by deleting the ith row and jth
column of the square matrix A.

3. The C,; of the entry a; of the square matrix A is given by (—=1)""/M,;.

4, The method of ﬁndmg the determinant of a matrix of order 2 x 2 or greater is called by

SKILLS AND APPLICATIONS

In Exercises 5-20, find the determinant of the matrix.

5. [4] (6)[-10]
(53] [ 7% 3
353 w3 7
s =l
13 Lé g] 14. Lﬂé —g]
] i I L
17. ”Z g] 18 _3 2]
;9\\[—% ] 20| 3 %]
R AR AR

% In Exercises 21-24, use the matrix capabilities of a graphing

utility to find the determinant of the matrix.
03 02 02 01 02 03
21. 02 02 02 22.1—-03 02 02
| -04 04 03 05 04 04
09 07 0 01 01 —43
23,101 03 13 24. |75 62 0.7
|-22 42 6.1 03 06 —12
In Exercises 25-32, find alt (a) minors and (b} cofactors of the
matrix.
4 5 0 10
25. [3 B ] 26. [3 _4}
3 1 -6 5
n 2] [ ]
4 0 2 1 -1 0
@ -4 2 1 0.3 2 5
1 -1 1 4 -6 4

-4 ] 3 -2 9 4
31 7 -2 8 32 7 -6 0
1 0 -5 6 7 -6

In Exercises 33-38, find the determinant of the matrix by
the method of expansion by cofactors. Expand using the
indicated row or column.

-3 2 (-3 4 2
33, 4 5 6 34. 6 3 1
- 2 -3 1 L 4 -7 -8
(a) Row 1 (a) Row 2
{b) Column 2 (b) Column 3
5 0 -3 (10 =5 5
35, |0 12 4 36. 130 0 10
1 6 3 | 0 10 1
{a) Row 2 (a) Row 3
(b) Column 2 {b) Column 1
6 0 -3 5 10 8 3 -7
a4 13 6 —8 4 0 5 -6
33/’ -1 0 7 4 38. 0 3 2 7
g8 6 0 2 |1 0 -3 2
(a) Row 2 {a) Row 3

(b) Column 2 (b) Column 1

In Exercises 39-54, find the determinant of the matrix.
Expand by cofactors on the row or column that appears to
make the computations easiest.

2z -1 0 -2 2 3
\9/ 4 2 1 4. 1 -1 0
4 -2 1 Lo 1 4
(6 3 -7 11 2
4.0 0 O 2.1 310
4 -6 3 -2 0 3
-1 8 -3 [ 1 0 O
3.1 0 3 -6 M. l-1 -1 0
0 0 3 4 15




;i
i . 774 Chapter 10 Matrices and Determinants Tg!
oo K
t R B
4 T
b " g T 1 4 =2 v -1 3 In Exercises 63—70, find @) |A{, (b} | B, () AB, and (d} | AB| i
il | ! i
!!!‘ ‘ 45, 3 2 0 46, (1 4 4 [— | 2 0 i
" -1 4 3 1 0 2 63. A=} ] [0 _1] '
2 4 6 (-3 0 0 (-2 1 )
47. |0 3 1} 8. 7 1L 0 6. 4=1 4 ] :[0 _1]
2.6 6 2 3 6 -5 4] ATy o) —2 2
2 7 3 6 -2 0 6 0 B
49. 50. _[5 4] . [o 6]
15 01 11 2 2 6.A=]3 1 B71 2
E3 7 0 7 L 0 3 -1 —1: "0 i 2} 3 -2 0
5 3 0 6 1 4 3 2 @ A=1-3 -2 1|, B=|1 -1 2
51, 4 6 4 12 s, -5 6 2 1 |0 4 1] 13 1 1
o 1 -2 2 L3 -2 15 68. A=|-1 -3 4| B=| 0 2 -1
, 3 2 4 -1 5] -2 0 1] -2 -1 1
| -2 0 b 3 2 -1 2 1] -1 0 0
: s/ 1 0 0 4 0 6.4=| 1 o 1 B={ 0 2 0
6 0 2 -1 0 0 1 0] U
! R 2 0 1 2 -1 4
5 2 0 0 -2 7.4A=|1 -1 2|, B=|0 1 3
il o 4 302 3 1L 0 3 -2 1
i <§/ 0o 0 2 6 3
o o0 3 4 1 In Exercises 71-76, evaluate the determinant(s) to verify the
B i lo o 0o 0 2 equation.
IE ' sz in Exercises 55—62, use the matrix capabilities of a graphing 7n Y = —u i 72. ‘w ';x S
, utility to evaluate the determinant. y oz y o« yoz
B 73 wooXx| _ \w x + cw
308 7 5 -8 0 by A4y 2t o
55. [0 —5 4 56. 9 7 4 w X
8 1 6 -8 7 1 74. ={
oW X
7 0 -4 3 0 0 i x x*
57. -2 5 4 58, -2 5 0
: 75. |1 = (y -0~
¢ 2 1 2 5 7 ! ); iz (y — 2 — )z =)
> o 0 s 11 6 ath a oo
h h 76. + = p*(3a +
59, 5 0 2 6 60. 4 6 0 9 a at+b a (3a + b)
a a a-+b
0 2 8 )] -7 0 0 14
3 -2 4 3 1 In Exercises 7784, solve for x.
-1 0 2 1 0 .
6. | 5 -1 0 3 2 @x 229 78| =2
4 7 -8 0 0 b= b
12 3 0 2 79; 12\;_1 g0 Ft1 Aoy
2 0 0 0 O x Lo
o 3 0 0 0 o =1 2 ‘ x-2 -1
81, =0 82 =0
621 0 o0 -1 0 0 ~1 3 x—12 -3 x
; 0 0 0 2 0 _
i x+3 2 x + 4 2 —
0 0o 0 0 -4 ol x+2\ 0 8, 570
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See www.CalcChat.com for worked-out solutions to odd-numbered exercises.
Exercise in which Cramer's Rule does not apply: 9
Exercises in which the points are not collinear: 40, 41,44

5 EXERCISES

CABUU\RY fifl in the blanks.

i The method of using determinants to solve a system of linear equations is called

, y Three points are if the points lie on the same line.

h. The area A of a triangle with vertices (x;, ¥4)s (x2: ¥5), and (x3, ¥5) is given by
, A message written according to a secret code is called a

To encode a message, choose an invertible matrix A and multiply the

(on the right) to obtain row matrices.

- If a message is encoded using an invertible matrix A, then the message can be decoded by multiplying
(on the right).

row matrices by A

b (hc coded row matrices by
I(IU.S AND APPLICATIONS

: gxercises 716, use Cramer’s Rule to solfve {if possible) the

temn of equations.
—Tx+ 1y = —1

Ix— 9y= 9
[Sx 4+ 2y = -2

k. (6x T dy = 4

@ —04x + 0.8y = 1.6
{ 0.2x + 0.3y = 2.2
) [dx — y+ z=—3
2x + 2y + 3z = 10
5x — 2y +6z= 1

—2x+ y— z+

Ix+ ytz=4

J x+2y+3z= -3 1

3x— 3y +2z=—11

8.

4x — 3y = —10
6x + 9%y = 12

24x — 13y = 14.63
—4.6x + 05y = —11.51

l4x—-2y+32.‘—‘—2

{ 6x— 5y= 17
13x + 3y = =70

2x 4+ 2y + 5z = 16
gx — 5y —2z= 4
Sx—4dy+ z=—14
—x+2y—2z= 10
Ix+ y+ z= 1

x+y— z= 3

Exercises 21—32, use a determinant and the given vertices
f a triangle to find the area of the triangle.

27. (—2,4),(2,3), (~1,5) 28. (0, -2),(~1,4),(3,5)
Exercises 17-20, use a graphing utility and Cramer’s Rule 29. (~3,5),(2,6),(3,-5 30 (=2,4),(1,5), 3, -2)
solve (if possible) the system of equations. N R
’ | 31 (-4,2,0.9.6.-3) 32 30.2.6.0 -3

x+3y+ 5z=1 18 x+2y—- z=-7

Ix+ 5y + 9z2=2 2x— 2y —2z=—8 In Exercises 33 and 34, find a value of y such that the triangle
: Sx+ 9y + 17z =4 ~x+3y+4z= 8 with the given vertices has an area of 4 square units.
@ — y+z=35 20 [3x —y—3z= 1 33, (—5,1),0,2),(=2,y) 34. (-4,2), (-3,5), (=L
' x—2y—z=1 2x+y+2r=-4

In Exercises 35 and 36, find a vaiue of y such that the triangle
with the given vertices has an area of 6 square units.

35, (-2, -3),(1, - 1), (-8,

36' (1’ 0)1 (5’ H3)1 (73! }’)

1. 7 2. 7

s e Ls) sbows) 25 37. AREA OF A REGION A large region of forest has
4l 4 been infested with gypsy moths. The region is roughly
31 3 triangular, as shown in the figure on the next page. From
e i‘q the northernmost vertex A of the region, the distances to
(0,0 M3, —— P the other vertices are 25 miles south and 10 miles east

- s -1 -F {for vertex B), and 20 miles south and 28 miles east (for

1 23 45 ~24 (5, -2 vertex C). Use a graphing utility to approximate the

number of square miles in this region.




