Answers

Chapter 1 Graphs
1.1 Assess Your Understanding (page 13)

7. x-coordinate or abscissa; y-coordinate or ordinate 8. quadrants 9. midpoint 10.F 11.F 12.T 13.d 14.c

15. (a) quadrant II (b) x-axis 17. The points will be on a 19. (—1,4); quadrant IT
(¢) quadrant IIT  (d) quadrant I vertical line that is 2 units 21. (3,1); quadrant I
(e) y-axis (f) quadrant IV to the right of the y-axis. 23. Xmin = — 11, Xmax = 5, Xscl = 1,
y y @4 Ymin = — 3, Ymax = 6, Yscl = 1
e ?ﬁ ?(6‘ f) st e 25. Xmin = — 30, Xmax = 50, Xscl = 10,
A= (—13?,12) };! 161’ 10) ‘(2‘,‘0) Ymin = — 90, Ymax = 50, Yscl = 10
C=(—,—‘2‘;‘ Hi ix R 2;5(;; 27. Xmi.n=—10,Xmax=110,Xscl=10,
E=0, -9t F % 3 te r*"} o ) Ymin = — 10, Ymax = 160, Yscl = 10

29. Xmin = — 6, Xmax = 6, Xscl = 2,
Ymin = — 4, Ymax = 4, Yscl = 2

31. Xmin = — 6, Xmax = 6, Xscl = 2, Ymin = — 1, Ymax = 3, Yscl =1 33. Xmin = 3, Xmax = 9, Xscl = 1, Ymin = 2, Ymax = 10, Yscl =2

35,05 37.V10 39.2V17 41.20 43.V53 45. Va2 + b 47.4V10 49.2V65

51.d(A,B) = V13 o 53. d(A,B) = V130 Mo
d(B,C) = V13 4" (-}sz }) \ wl, 3) d(B,C) = V26 A=y JEg G
d(A,C) = /26 o d(A,C) = 2\/26 e iaa o L
(V13 + (V13)2 = (V26)? § § § § § § (V26)2 + (2V26)? = (V/130) §

13 . Area = 26 square units
Area = EX square units

55.d(A.B) = 4 o 57.(4,0) 59.(3,3) 61.(5.—1) 63 (” b) 65. (0,0) is on the graph
. (4, . (3, . (5, — N . (0,0) is on the graph.
d(B,C) = Va1 ch: 4,2) 2’2 erap
dA.C) =5 67. (0,3) is on the graph. 69. (0,2) and (V/2, \/2) are on the graph. 71.(—1,0), (1,0)
’ 5 x
£+ 5 = (Va1y B0 L, T (—g, o>, (0.1), (g, o) 75.(0,2),(1,0),(0,~2)  77.(~4,0),(~1,0),(0,~3),(4,0)
O !
Area = 10 square units o
79. yp y=x+2 81. y 83. Y4 85. Y4
S A ey =28 A Sy =21 s, a
gasssEnen ERey (CUS - N
2,0, 40,2 (=4,0) ‘ \ [/a, 0 2,0/ N2, 0
% 0 =10) g CHEE
| 0.5 y=—+ 4
I [TTTT T
87. y) 89. Yi
11 TTTT1 ]
N e EE
O, 2N g 2,012, 0 -
3,08 * H0x
} } } 9y? 4y = 36
tH Yoy
91. x-intercept: 6.5 93. x-intercepts: —2.74,2.74 95. x-intercept: 14.33 97. x-intercepts: —2.72,2.72
y-intercept: —13 y-intercept: —15 y-intercept: —21.5 y-intercept: 12.33

99.(5,3) 101. \V/17;2V/5;\V/29 103.d(P,, P,) = 6;d (P>, P;) = 4; d(P;, Py) = 2\/13; right triangle

105.d(Py, P,) = 2\/17:d (P, Py) = \/34:d (P, Py) = \/34;isosceles right triangle 107. (5, —2) 109.90\/2 ~ 127.28 ft

111. (a) (90,0), (90,90), (0,90)  (b) 5\/2161 ~ 232.43ft  (¢) 30V/149 ~ 36620 ft 113.d = 50¢rmi 115. (a) (2.65,1.6) (b) ~1.285 units
117. $21,800
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AN-2 ANSWERS Section 1.2

1.2 Assess Your Understanding (page 23)
3.intercepts 4. y-axis 5.4 6. (—3,4) 7T 8F 9.a 10.c

11. (—2,0), (0,2) 13. (—4,0), (0,8) 15. (-1,0), (1,0), (0, —1) 17.(—2,0), (2,0), (0,4) 19. (3,0), (0,2)
[ y;Hy;x+2 X =2x+8 ;y* ™ y’\u\ H\y’\uu
e Bty By =v-1 FEFENG o NGIEEERT
[ A [ 2 T T N T [ I
(=2,0) /0,27 (—4,0) \_) \ 1 /a,0) (=2,0) ,0) R0, 2) N
* I * _\H, * H}l \ * (?%\)\gx
| ©.-1 i H
I [TTTT [ NN
21. (—-2,0), (2,0), (0,9) 23. yi 25. y 27. ¥} 29. y
e P FRRYSCEpASY e
4 ® =391 39 2D ® = ©=CSDHe 262 @ =341 ©=34
SasL; (ULma e fer
o g TR g *
a8 Caini @=(2-DHEO =2 -1 ®) = (=5-2)| 5,-2)
T x — (3 _a _ _ A 1111 Tt i A PRI — _
9% + 4y = 36 ©=C3-91Ti@@=@G -9 o O (=3, -4)11(b)=@3,-4
4
31. 33.(a) (—1,0), (1,0 37.(a) (0,0
3 @ Lo (10 35. (a) (—1,0), (0.1), (1, 0) won N
@ =08 (b) Symmetric with respect 2 2 (b) Symmetric with respect to the
(©) =(0,3) to the x-axis, the y-axis, (b) Symmetric with respect X-axis
(jO,j ‘—5\‘ 2k and the origin to the y-axis
b) = (0, -3) .
® = 39.(a) (~2,0), (0,0), (2,0) 41.@) (x,0), 2=x=1 43. (a) No intercepts
(b) Symmetric with respect to the origin (b) No Symmetry (b) Symmetric with respect to
the origin
45. ¥y 47. y) 49. (—4,0), (0,—2), (0,2); symmetric with respect to the x-axis 51. (0,0);
% % %‘\ i i i “@’ ZE symmetric with respect to the origin  53. (0, —9), (3,0), (=3, 0); symmetric
(=2, -5 :z T =m0 /(7 0) with respect to the y-axis  55. (—2,0), (2,0), (0, =3), (0, 3); symmetric with
:?(0?’?_‘9‘\ i H_}”) mi { ‘?ﬁ)* x respect to the x-axis, y-axis, and origin  57. (0, —=27), (3,0);no .sym.metry
EEEEEEEEEE (-%-2/\ an 59. (0, —4), (4,0), (—1,0);no symmetry 61. (0,0);symmetric with respect to
the origin  63. (0, 0); symmetric with respect to the origin
65. yi 67. T 69.6 =13 Tl.a=—4ora=1
4T AC)
SHEE i 73.(a) (0.-5). (—V/5,0). (V5,0) © y=2-5 4,
1 = (b) Symmetric with respect to the y-axis (5,00 X 2[5, 0)
(-1, -DFPN 5] x (0, 0) X ( 221 5
(0,001 LT Y e
L0, =511, —g)
HHHHHHH
75.(a) (—9,0), (0,-3), (0,3) 77.(a) (0,3),(0,-3), (=3,0), (3,0) 79.(a) (0,0), (—2,0), (2,0)
(b) Symmetric with respect to the x-axis (b) Symmetric with respect to the x-axis, (b) Symmetric with respect to the origin
) x—y2=— -axis, and origin c y
© = yor i ’ l Y & © H_H_‘_gt,,y“:‘ﬁ—‘tx
Py s © cip-y n LA
- o (0, 3) Circle, radius 3500, ‘3)&’: HH 2‘3
=9.0) > =3,0 @.0) (_}2}’}0}’ el
H s | g EEE R RO
dicdd

81. (—1,-2) 83.4 85.(a) (0,0),(2,0), (0,1), (0,—1) (b)x-axis symmetry

1.3 Assess Your Understanding (page 29)
3.ZERO (or ROOT) 4.F 5.{-221,0.54,1.68} 7.{—1551.15} 9.{-1.12,036} 1L {-2.69,-0.49,1.51} 13.{-2.86, —1.34,0.20,1.00}

46

2
15. No real solutions 17. {—18} 19.{—4} 21. {?} 23. {3} 25.{2} 27.{-4,7} 29.{—5,2}

31.{-2,-1,2} 33.{15) 35.{74,%}
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ANSWERS Section 1.4 AN-3

1.4 Assess Your Understanding (page 40)

1
1. undefined; 0 2.3;2 3.T 4.F 5.T 6.m; = my; y-intercepts;mym, = —1 7.2 8.— 5 9.F 10.d 1l.c 12.b

1 1
13. (a) Slope = 5 (b) If x increases by 2 units, y will increase by 1 unit. 15. (a) Slope = 3 (b) If x increases by 3 units, y will decrease by 1 unit.

3 1
17. Slope = 5 19. Slope = 5 21. Slope =0 23. Slope undefined
y‘uu ”HH Y4 y
[ I H:H_FBIHH 5| HH}
HH oNen | =
(2,3 (=2,3)P g (‘—‘1‘,‘2‘}
4.0 [
N : facpar poamehy -1,-2) *
Al X [ b [T
A B RRE
Rkl aS(IRRAARAER
P-a.p| 129 SOINPEC P=T13 P
)iate TN g g
HH* ™

1
33.(2,6); (3,10); (4,14) 35.(4,-7): (6, —10); (8, —13) 37 (—1,-5); (0,~7); (1,—9) 39.x —2y =0ory = —x

2
1 5
4l.x +y=2ory=—-x+2 43.2x —y=3ory=2x —3 45.x+2y=50ry=—5x+5 47.3x —y=-9o0ory =3x +9
2 1 1 5 1
49.2x+3y=—10ry=—§x—5 51.3x +y=3ory=—-3x+3 53.x—2y=—50ry=5x+5 55.x—2y=20ry=5x—1

57. x = 2; no slope—intercept form 59.y =2 6l.4x —y = —6ory =4x + 6 63.5x —y =0ory = 5x 65.x = 4; no slope—intercept form
5 3
67.6x + y=0o0ory = —6x 69.5x — 2y = —30ry=5x+5 7.y =4

1 1
73. Slope = 2; y-intercept = 3 75.Slope = 4; y-intercept = —4 77, Slope = > y-intercept = 2 79. Slope = e y-intercept = 1
y y y y
AT T 55CEgSEP T
5 / C0,24.3) o
0, 3)4 m : et
-, 0 * * @0
g S fey =
[T [TTTT [T
81. Slope = %; y-intercept = —2 83.Slope = —1; y-intercept = 1  85. Slope undefined; no y-intercept ~ 87. Slope = 0; y-intercept = 5
Y4 Y4 Y4 4
B N&5| 5 Bl
H HINGHH } 0,5
(3,007 O, DN, 0) (—4,0)
£(0, -2) x 215 x x
Beas g
T
. 3. . . .
89. Slope = 1; y-intercept = 0 91. Slope = > y-intercept = 0 93. (a) x-intercept: 3; y-intercept: 2 95. (a) x-intercept: —10;
¥ 71 (b) " y-intercept: 8
S i S R
,,‘( ,‘ ) 2‘,2 mar ,‘0‘) %3 —(0,2) L i i 0,8
aki 5 x (3, 0N * (—10, 0)
i ik :
HHH tH
. . 21 . .
97. (a) x-intercept: 3; y-intercept: 5 99. (a) x-intercept: 2; 101. (a) x-intercept: 5; 103.y =0
() y-intercept: 3 y-intercept: —2 105. Parallel
SERL\RIEY (b) 4 b 107. Neither
(0 21) NS FHSHH 109.x —y= —2ory=x+2
(o, 2] Tt T T y y
2N O, 3N i
: e 0, 1
x x 6 x 111.x+3y=30ry:—§x+1
. st

2 3
113. P = (-2,5),P, = (1,3),m; = ,g; P=(1,3),=(-1,0),m= E; because mym, = —1, the lines are perpendicular and the points
(—=2,5), (1,3),and (—1,0) are the vertices of a right triangle.
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AN-4 ANSWERS Section 1.4

115'1)1 = (_170)7})2 = (213)1m = 1’P3 = (17 _2)7P4 = (4‘31)sm = 1,P1 = (_1’0)’1)3 = (17 _2)7m = _17P2 = (273)’1)4 = (4’1)’m = _13
opposite sides are parallel, and adjacent sides are perpendicular; the points are the vertices of a rectangle.
117. C = 0.60x + 39; $105; $177 119. C = 0.16x + 1461

5 2
121. (a) C = 0.0757x + 15.14,0 =x =800  123.°C = 9 (°F — 32); approximately 21.1°C  125.(a) y = — 255t 30 (b) x-intercept: 375; The
b
®) c =‘;’-g7:7: ;};5-14 ramp meets the floor 375 in. (31.25 ft) from the base of the platform. (c¢) The ramp does not meet
_ ¢ - h_} a==m design requirements. It has a run of 31.25 ft. (d) The only slope possible for the ramp to comply with
£ lgg (800, 75.70) the requirement is for it to drop 1 in. for every 12-in. run.
g 6 L 1
S ey 127.(a) A = 5x + 20000 (b) $80.000 (¢) Each additional box sold requires an additional $0.20 in
< L
c advertising. 129. All have the same slope, 2; the lines are parallel.
0 100 300 500 700 x
kW-h yp2x—y=0
T
.9 /7
(c) $30.28 (d) $52.99 '(‘0‘, 0) ‘Zi‘f oy= 2
(e) Each additional kW-h used adds 2e—y= — 5 x
$0.0757 to the bill, TR

131. (b), (¢), (e), (g) 133. (c) 139.No;no 141.They are the same line. 143. Yes, if the y-intercept is 0.

1.5 Assess Your Understanding (page 49)
3.F 4.radius 5T 6.F 7.d 8.a 9. Center (2,1);radius =2; (x —2)2+ (y —1)2=4

5 3 5)? 9
11. Center (E’ 2>; radius = > (x - E) + (y—2)%= 1

13. ¥+ Y2 =4 15. x>+ (y—2)2 =4 17. (x — 4)2 + (y + 3)2 =25, 19. (x +2)2+ (y — 1)2 = 16;
¥ 4+yP—4=0 4+ yP—dy=0 4+ yP—8x+6y=0 4y +dx—2y—11=0
y y y Yy
JEaas 5110, 2] 2 20
©,0- ( - )
seeasiseh ) Bl SAvdNaES ;
[T T
1\, 1 23.(a) (h, k) = (0,0);r=2 25.(a) (h, k) = (3,0);r=2 27.(a) (h,k) = (1,2);r=3
2 (x=5) +y =4 ) n o ® ) v
[TT
Py -x=0 oo LG 0)
/
.y N/ x \ x x
2.5 1,2)-
17
11
2.5 x
Lo (©) (£2,0); (0, +2) (© (1,0); (5.0) (© (1 £V5,0); (0,2 £2V2)
/
1
29.(a) (h, k) = (=2,2);r=3 3. (h k) = (5,—1 ir=5 33.@) (hk)=(3,-2);r=5 35.(a) (h k) = (=2,0);r=2
(b) y ) (LT (b)
(32,2) HH)" 3 L
2.5 [(=2,0)
%,—1\1 *
x NG, =2) 1] X
a5 HHH
P [T T
—2 + . —
© (2 £V5,0); © (0.-1) © (3 +V21,0) (© (0,0), (—4,0)

(0,2 +V/5)

3.2 +y2=13 39. (x—2)2+ (y—3)2=9 4L (x+1)2+ (y—3)2=5 43. (x +1)2+ (y —3)>=1 45.(c) 47 (b) 49.18 units?
5102 + (y —139)2 = 15625 53. x>+ y> + 2x + 4y — 416816 =0 55. \V2x +4y —9V2 =0 57%.(1,0) 59.y =2 6L (b), (c), (e). (g)

Review Exercises (page 53)

1. (a) 2V () 2,1) (o) % (d) For each run of 2,thereisariscof 1. 2. (a) 5 (b) (— %1) (¢) —%

(d) For each run of 3, there is arise of —4. 3. (a) 12 (b) (4,2) (¢) Undefined (d) Nochangeinx 4. (a) 5 (b) (% —1) (© 0
(d) Nochangeiny 5. (-4,0),(0,2),(0,0),(0,-2), (2,0)
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ANSWERS Review Exercises AN-5

6- NORMAL FLOAT AUTO REAL RADIAN MP n . _3'87 3'8’7 7. y* 8. 9. y*
0 T IIETY I
HE L e
3,0y7 40/ \@, 0
TS \Ti0*
0,-2) [ \
5 5 HH
/ | \
]
10. x-axis 11. x-axis, y-axis, origin 12. y-axis 13. Origin 14. No symmetry
15. y 16. {—2.49,0.66, 1.83} 18. 2x +y=50ry=—-2x+5 19. y =4
EERRIT P‘v‘=‘ = 17. {—1.14,1.64} y Y4
11T T EERERET NN
(A, 1) N —e
L=DF 0,03 HEY
AR NN %
[N [T 5 x
iy
. 5 1
20. x = —3;no slope-intercept form 21. Sx +2y =10o0ry = — >t 5 22. x +5y=—10o0ry = g 2
H {b? > 4
(-3.4 \ S|
X X
= X
(4, =5) ~
\H &3
2 19 1 10
23. 5x +y=1lory=-5x + 11 24.2x—3y=—190ry=§x+? 25.x+3y=100ry=—§x+?
Y4
e il 4
5 i S
2 %
(3, —-4)
t *

26. (x+2)2+ (y—3)2=16 27. (x+1)2+ (y+2)? =1

28. Center (1,-2);radius =3 29. Center (1,-2); radius = V5
4 YA
5| 5|
5x Y
,-2) a,-2)
(0, -24+2V2), (1+V/5,0) (0,0).(0,-4),(2,0)

30. (a) d(A,B) = 2V5; d(B,C) = V145;d(A, C) = 5\/5; Since d(A, B)* + d(A, C)? = d(B, C)?, by the converse of the Pythagorean Theorem,
the points A, B, and C are vertices of a right triangle.

(b) Slope of AB = —-2;Slope of BC = %2; Slope of AC = %; Since (—2) (%) = —1, the lines AB and AC are perpendicular and hence form a right
angle.

31. myp= —l;mgc = —1 3s. "
32. Let D = (-1,2). Then d(A, D) = d(B, D) = d(C, D) = V/13. 5 .

A, B,and C lie on the circle (x + 1)> + (y — 2)? = 13 which has radius V3. @9
33. Center (1,-2); radius = 4\6; X+ y?—2x+4y—-27=0 a2
34, ~4and8 152

X
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AN-6 ANSWERS Chapter Test

Chapter Test (page 54)
1L @ 10 M) (1,1)

2. v 3. y 4. {1,051}
BEssEEneees 5. {~2.50,2.50}
95,0 (2240112240 6. {—2.46, —0.24,1.70}
—10 4 FOATf 5
H m, -1 (-2, -1/ N[/ -D
(=7, =510, -3) HH 1, -4
[TTT L1 (-1, -4 1T, —-5)
7. (@) m= —% 8. ¥4 9. Intercepts: (-3,0), (3,0), (0, 9); symmetric
sHF-HH@®, 3) ith t to the y-axi
(b) For every 3-unit change in x, (1, D23 With respect to the y-axis
: . (0,0) v \
y will change by -2 units. 1 415-;
(1,—1),,(; S
H G oY
. . 2 1
10. y = —2x +2 1. x> +y>—8x+ 6y =0 12. Center: (-2, 1); radius: 3 13. Parallel line: y = X
AT eyss dicular ine: y = x + 3
R , perpendicular line: y = >x
(0, 2) R 1,0)|
= :
3, -4
L.

Chapter 2 Functions and Their Graphs

2.1 Assess Your Understanding (page 68)

7. independent; dependent  8.[0,5] 9. #;f,g 10. (g — f)(x) 1L.F 12.T 13.F 14.F 15.a 16.c 17.d 18.a
19. Function; Domain: {Elvis, Colleen, Kaleigh, Marissa }; Range: {January 8, March 15, September 17}  21. Not a function; Domain: {20, 30, 40};
Range: {200, 300, 350,425} 23. Not a function; Domain: {—3, 2, 4}; Range: {6,9,10} 25. Function; Domain: {1, 2, 3, 4}; Range: {3}
27. Not a function; Domain: {2, 0, 3}; Range: {3,4,6,7} 29. Function; Domain: {—2, —1,0, 1}; Range: {0,1,4} 31.Function 33. Function
35. Not a function 37. Not a function 39. Function 41.Not a function 43.(a) =4 ()1 (¢) =3 (M3x>—2x—4 (e) —3x>—2x + 4

—X —X x+1
¥ +1 (e)x2+1 (f)x2+2x+2

1 1
O3+ 8+ 1 @120 +dr =4 W37+ 6xh + 307 + 2+ 20— 4 45 @0 B ©— @

2x x+h
h 47.(a)4 ()5S (©S5S @d)|x| +4 (e)—|x| —4 x+1/+4 2x| +4 (h) |[x +hl +4
@, 5 W s @ B)5 © (@) [x| (e) —|x| ® |x + 1] (2 2|x| () | |
1 3 1 2x — 1 —2x—1 2x + 3 4x + 1 2x +2h + 1
49. —— —= - h 1. All real . All real
9. (a) 5 (b) > (c)8 (d) s (e) i —5 ® 2 (® =5 ()3x+3h—5 5 real numbers 53, real numbers

55. {x|x # —4,x # 4} ST {x|x # 0} 59.{x|x =4} 6L {x|x >1} 63.{x|x >4} 65 {t|t=4,t+# 7}

67.(a) (f+ g) (x) = 5x + 1; All real numbers (b) (f — g) (x) = x + 7; Allreal numbers (c) (f-g) (x) = 6x> — x — 12; All real numbers
i _3x+4

@ (E) ™) =% =% {"

®) (f—g) (x) = —2x* + x — 1; All real numbers (¢) (f+g) (x) = 2x* — 2x% All real numbers (d) <f>(x) _xot

®-29 @8 Mo & 26t
TL(a) (f+g) (x) = Va+3x =5 {x[x =0} ®) (f-g)(x) = Va-3x+5{xlx=0} (© (fg)(x)=3xVx—5Vx{xlx =0}

(@) (g) (x) = 3;/_;5; {x

x # %} (e)16 (H11 (g 10 (h) =7 69.(a) (f+g)(x) = 2x* + x — 1; All real numbers

{x|]x # 0} (e)20

xz(),x;ég} ©@V3+d -5 (V2 (h)—% 73.(a)(f+g)(x):1+%;{x|x750}

1 1 5 3
® (f-8) (x) = Lixlx # 0} (@ (Fg)(x) =+ 5 {xlx # 0} (d)<§>(x):x+1;{x|x750} @3 ®1 @, 0?2
6x +3 2 —2x+3 2 8x? + 12x 2
B (e =5 xks 5 o0 = T s ) 0o = 4
2x +3 2 1 7 5 7
(d)(g)(x)= x4: ;{xx#O,xség} (e)3 (f)—E (g)E (h)Z 77.g(x)=5—5x 79.4 81.2x+h 83.2x+h—1
—(2x + h) 6 1

7 1
. A 89. 91.{—2,4} 93.A=—— 95.A=—-4 97.A(x) ==x> 99.G(x) = l4x
Carn? Tarnarhty) U Nirh—aevioz Y 2 *) =3 )
101. (a) P is the dependent variable; a is the independent variable. (b) P(20) = 231.427 million; In 2012, there were 231.427 million people
20 years of age or older. (¢) P(0) = 327.287 million; In 2012, there were 327287 million people.
103. (a) 15.1 m, 14.071 m, 12.944 m,11.719 m (b) 1.01 sec, 1.43 sec, 1.75sec  (¢) 2.02sec 105. (a) $222 (b) $225 (c¢) $220 (d) $230
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ANSWERS Section 2.3  AN-7

L(x
107. R(x) = % 109. H(x) = P(x) -I(x) 111 (a) P(x) = —0.05x> + 0.8x% + 155x — 500 (b) P(15) = $1836.25
X
(¢) When 15 hundred cellphones are sold, the profit is $1836.25. 113. (a) D(v) = 0.05v> + 2.6v — 15 (b) 321 feet (c) The car will need 321 feet to
stop once the impediment is observed. 115. No; domain of fis all real numbers; domain of gis {x|x # —1}
3x — X 3
107 H(x) = % 118. Intercepts: (—16,0), (—8,0); x-axis symmetry 119. (4,32) 120. (75’ —2) 21 (x —4)%+ (y+1)2=9

2.2 Assess Your Understanding (page 76)

3.vertical 4.5;-3 S5.a=-2 6.F 7F 8T 9.c¢ 10.a 11.(a) f(0) =3;f(—=6) = =3 (b) f(6) = 0;f(11) =1 (c) Positive
(d) Negative (e) —3,6,and10 (f) -3 <x<610<x=11 (g {x|[-6=x=11} M) {y|-3=y=4} () -3.6,10 ()3 (k)3 times
(1) Once (m) 0,4 (n) —5,8 13.Nota function 15.Function (a) Domain: {x|—7 =< x < m}; Range: {y|-1 =y = 1}

(b) <_§ , 0), (g , 0), (0,1) (¢)y-axis 17.Nota function 19.Function (a) Domain: {x|0 < x < 3};Range: {y|y <2} (b)(1,0) (c) None

21. Function (a) Domain: all real numbers; Range: {y|y =2} (b) (—3,0),(3,0),(0,2) (c) y-axis 23. Function
(a) Domain: all real numbers; Range: {y|y = =3} (b) (1, O), (3,0),(0,9) (¢) None 25.(a) Yes (b) f(—2) =9;(-2,9)

(¢) 0, %; (0,-1), (%, —1) (d) All real numbers (e) ——,1 () —1 27.(a)No (b) f(4) = —3; (4,-3) (¢)14;(14,2) (d) {x|x # 6}
(e)—2 @ —% 29. (a) Yes (b) f(2) = 187 (2, %) (¢)—1,1; (—-1,1), (1,1) (d) All real numbers (e)0 (f)0

1
3.@3 ()2 (-1 @1 (e)2 (f)*g

33. (a) Approximately 10.4 ft high 35. (a) About 81.07 ft (b) About 129.59 ft (¢) About 26.63 ft
(b) Approximately 9.9 ft high (d) About 528.13 ft
©) n (d) The ball will not go through 1] (f) About 115.07 ft and 413.05 ft
(S, 10.4)%1 the hoop; 2 (15) =~ 8.4 ft. If 150 (g) 275 ft; maximum height shown in
1o ﬂ' ;‘1‘51 : :u: v = 30 ft/sec, h (15) = 10 ft. the table is 131.8 ft  (h) 264 ft
510,61\ (20, 3.6)
i(zz 6, )L
0 510152025 * 0 550
37. (a) $223;$220 (b) {x|x > 0} 39. (a) $30; It costs $30 if you use 0 gigabytes. (b) $30; It costs $30 if you

HAL FLOAT nuvn REAL RADIAN HP:

(d) PRESSS FOR ATh
Y

use 5 gigabytes. (¢) $90; It costs $90 if you use 15 gigabytes.

(d) {g|0 = g = 60}.There are at most 60 gigabytes in a month.

41. The x-intercepts can number anywhere from 0 to infinitely many. There
is at most one y-intercept.

B.@IU GBIV @I @V (e)ll

00 1000 o
(e) 600 mi/h
4. v _— 47. (a) 2 hr elapsed during which Kevin was between 0 and 3 mi from home (b) 0.5 hr elapsed during which

% SH22, 52+ Kevin was 3 mi from home (¢) 0.3 hr elapsed during which Kevin was between 0 and 3 mi from home

% :, ] ,i \ (d) 0.2 hr elapsed during which Kevin was 0 mi from home (e) 0.9 hr elapsed during which Kevin was between
E 2 ’;;{’} / 0 aTld 2.8 II.li from home (f) 0.3 hr ela.psed during which Ke.vin was 2..8 mi from home (g) 1.1 hr elapsed during
2 1 /-L/ }7" ‘0)"”\“29’ 0 which Kevin was between 0 and 2.8 mi from home (h) 3mi (i) Twice

010 20 x

49. No points whose x-coordinate is 5 or whose y-coordinate is 0 can be on the graph.

Time (minutes) 2
0 52.—x2 +5¢ -9 53.2V10 54.y=§x+8 55. (=00, )

2.3 Assess Your Understanding (page 90)

6. increasing 7.even;odd 8.T 9.T 10.F 1l.c 12.d 13.Yes 15.No 17.[-8,-2];[0,2];[5,7] 19.Yes;10 21.-2,2;6,10
23. f(—8) = —4 25.(a) (—2,0), (0,3), (2,0) (b) Domain: {x|—4 = x =4} or [ —4,4]; Range: {y|0 =y =3} or [0,3]

(¢) Increasingon [ —2,0] and [2,4]; Decreasingon [ —4, —2] and [0,2] (d) Even 27 (a) (0,1)

(b) Domain: all real numbers; Range: {y|y > 0} or (0,00) (c) Increasing on (—00,00) (d) Neither

29. (a) (—,0), (0,0), (7,0) (b) Domain: {x|—7 = x =<7} or [—7,7];Range: {y|-1=y=1}or [—1,1]

(¢) Increasing on { ERE) } Decreasing on { g } and {g, 77] (d) Odd 31. (a) (O, % >, (%,0), (%,O)

(b) Domain: {x|-3 = x =3} or [—3,3]; Range: {y|-1 =y =2}or [—1,2] (c) Increasingon [2,3];
Decreasing on [ —1,1]; Constant on [ =3, —1] and [1,2] (d) Neither 33.(a)0;3 (b) —2,2;0,0

35. (a) z; 1 (b) _E; —1 37.0dd 39.Even 41.0dd 43.Neither 45.Even 47.0dd

49. Absolute maximum: f(1) = 4;absolute minimum: f(5) = 1;local maximum: f(3) = 3;local minimum: f(2
51. Absolute maximum: f(3) = 4; absolute minimum: f(1) = 1;local maximum: f(3) = 4;local minimum: f(1
53. Absolute maximum: none; absolute minimum: f(0) = 0:local maximum: f(2) = 3;local minimum: f(0) =
55. Absolute maximum: none; absolute minimum: none: local maximum: none; local minimum: none

) =2
) =1
Oand f(3) =2
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AN-8 ANSWERS Section 2.3

3 0 2
Increasing: [ -2, —-1],[1,2] Increasing: Increasing: [ —3.77,1.77 ] Increasing:
Decreasing: [ —1,1] [-2,-0.77],[0.77,2] Decreasing: [—1.87,0],[0.97,2]
Local maximum: f(—1) = 4 Decreasing: [ —0.77,0.77 [—6,-3.77],[1.77,4] Decreasing:

Local minimum: f(1) = 0
Local minimum: £(0.77)

65.(a) —4 (b) -8 (¢) —10

]
Local maximum: f(—0.77) = 0.19
= -0.19

Local maximum:
f(1.77) = =191
Local minimum:
f(=3.77) = —18.89

[—3,-1.87],[0,097]

Local maximum: f(0) =3
Local minima: f(—1.87) = 0.95,
f(0.97) = 2.65

67.(a)17 (b) -1 (c)11 69.(a)5 (b)y=5x—2

@ Average rate 71.(a) -1 (b) y=-x 73.(a)4 (b)y =4x —8
of change = —4 (C) NORMAL FLOAT AUTO REAL RADIAN MP 7]
) Average rate 4
0. 4247 2, -4) ~ of change = -8 \] /

X
(3, —14) _ Average rate
L+— of change = —10 '

=
-0

75. (a) Odd (b) Local maximum value: 54 at x = —3 77.(a) Even (b) Local maximum value:25 atx = —2 (c) 50.4 sq. units

79. (a) 81. (a), (b) y 83. (a) On average, the 85.(a)1 (b)0.5 (c¢)0.1 (d)0.01
7 400 population is increasing at (e).0001
f :ig a rate of 0.036 g/h from
Z 160 ’ 0to2.5h. (b) On average,
o 80 from 4.5 to 6 h, the
% i 0 1020304050 * population is increasing at
Gigabytes
(b) 10 riding lawn mowers (c) $5/gigabyte arate of 0.1 g/h. () The

(¢) $239/mower (d) $6.25/gigabyte

(e) $750/gigabyte

(f) The average rate of change
is increasing as the number

of gigabytes increases.

average rate of change is
increasing over time.

(g) They are getting closer to the
tangent line at (0,0).
(h) They are getting closer to 0.

87. (a) 2 89.(a)2x + h +2 91. (a) 4x + 2h — 3 3. (a) ——
(b) 2;2;2;2 (b) 4.5:4.1:4.01;4 (b) 2:1.2:1.02; 1 T e h)x
(©y=2x+5 (©)y =401x — 101 () y = 1.02x — 1.02 210 100
() (d) ) (b) BERETHERTIR !
U
© 100 201
Y=o Xt
g e 101 101
2 4
5 3 /1
=il =2 =0

97. At most one  99. Yes; the function f(x) = 0is both even and odd. 101. Not necessarily. It just means f(5) > f(2).
103. f(=3) = —9; (=3,-9) 104.C(x) = 0.80x + 40 105.y = —gx +4 106.6x — 5 + 3h

2.4 Assess Your Understanding (page 102)

4. (—00,0] S5.piecewise-defined 6.T 7.F 8F 9.b 10.a 11.C 13.E 15.B 17.F
19. y 21. y 23. y 25. y4
[Ty A T ] 5k1,1)7 1T
e e LY P
ceqo, )’25(4,4 ,,‘( ,‘ ¥ A\ 2 u"ﬁl=‘
g AT s Eecitin oz
HA 1 28 - CL-DHH
T [ T T T
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ANSWERS Section 2.4 AN-9

27. (a4 (2 (©5 29.(a)—4 (b)—2 ()0 (d)25

31. (a) All real numbers 33. (a) All real numbers 35.(a) { x| x=-2};[-2,00) 37. (a) All real numbers
(b) (0,1) (b) (0,3) (b) (0,3), (2,0) (b) (—1,0), (0,0)
(c) y (c) y (©) y (©) y

S H W‘r‘\-x“‘z““)‘ F 51 eh FH2S A
COTTA,2 I d (0,321 4) o, O/
g/ ESUK) Vs PeieeSanbia i CiokAan

H 25 x * 25

(-1,-2) =
[Snuve 0,0)
T 1T
@ {y[y # 0}; (=00,0) U (0, %) @ {yly =1} [1, 00) @ {yly <4,y =5}; (—o0,4)U{5} (d) All real numbers

39.(a) {x|x = —2,x # 0}; [—2,0) U(0, co0) 41. (a) All real numbers 5 [—x if-1=x=0 ofh ol
(b) No intercepts ®) (x,0) for0=x <1 . f(x) = %x 0 <x=2 (Other answers are possible.)
¢ (c) .
© H 5 HH 5 Jeaas 45. f(x) = {:x ) l?(; i 0 _ , (Other answers are possible.)

-2,2) ) HH x if0<x=
25 sald 47.(a)2 (b)3 (c) -4
|
| 49. (a) - };‘; @6
() {y|ly > 0}; (0, ) (d) Set of even integers HH
[17(0, 1)
111 (1]1 i %
dotan ¥,
T ]
T |
() [0,6]
(¢) Absolute maximum: f(2) = 6; absolute minimum: f(6) = —2
(d) Local maximum: f(2) = 6; local minimum: f(1) =0

51. (a) $34.99 (b) $64.99 (c) $184.99 0.10x if 0<x= 9225

53. (a) $44.80  (b) $128.51 _ 922.50 + 0.15(x — 9,225) if 9225 < x = 37,450
© C(x) = { 1.26486x + 19.50 if 0 = x = 30 515625 + 0.25(x — 37,450) if 37,450 < x = 90,750
) 0.5922x + 39.6798 ifx > 30 55. f(x) = 18.481.25 + 0.28(x — 90,750) if 90,750 < x = 189,300

L S 46,075.25 + 0.33(x — 189,300) if 189,300 < x = 411,500
2100 (s, 1285098 _» 119.401.25 + 0.35(x — 411,500) if 411,500 < x = 413,200
é: 0 119,996.25 + 0.396(x — 413,200) if x > 413,200
=
& HHt 57. (a) (b) C(x) =10 + 0.4x () C(x) = 70 + 0.25x
& *HA o0 i'ﬁsisi) RRAR _ 27y5 [ (800, 270y 7

O 1050 £ D060 270)

0 50 100 150 * = 200 A 17“))‘7

Usage (therms) = T \’
IR
3 Zf 100, 50) -
©, 0% 5001000 ¥
Distance (miles)
9000 if s =659 098 if 0<x=1
7500 if 660 = s = 679 120 if 1< wx=2
5250 if 680 =s = 699 142 it 2<x=3

59. (a) C(s) = (b) $1500  (c) $7500

3000 if 700 =s =719 164 if 3<x=4 c .
1500 if 720 s =< 739 1.86 if 4<x=5 7 362 L}‘”@

750 if s = 740 208 if S<x=6 % b Sadl

63.C(x) =9 230 if 6<x=7 3,230
61. (a) 10°C (b) 4°C (c¢) —3°C (d) —4°C 25 if T<x<8 % }-gg oS
(e) The wind chill is equal to the air temperature. 274 if 8<x=9 & Ozg&f;‘z‘r; H
. . . . 4 x
(f) At wind speed greater. than 20 m/sec, the wind chill factor 206 if 9<x=10 Welght (ouaczs)
depends only on the air temperature. 318 if 10<x=11

340 if 11<x=12
362 if 12<x=13

65. Each graph is that of y = x2, but shifted horizontally. If y = (x — k)2, k > 0, the shift is right & units;if y = (x + k)2, k > 0, the shift is left

k units.  67. The graph of y = —f(x) is the reflection about the x-axis of the graph of y = f(x). 69. Yes.The graph of y = (x — 1)3 + 2 is the graph
of y = x° shifted right 1 unit and up 2 units. 71. They all have the same general shape. All three go through the points (—1, —1), (0,0),and (1,1).
As the exponent increases, the steepness of the curve increases (except near x = 0). 74. £ V13 75, (h, k) =(0,3);r=5

76.% 77. local max: f(—0.26) =~ 0.41; local min: f(—1.93) ~ —10.04
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ANSWERS Section 2.6 AN-11

N |
~
=
&
~
-
-
=
~
-

79. (a) (—2,2) 81. (a) y (C)
e PR b) (3.5 13 6,015 RISE
\’\\ - a, 1)f’21 (-1, D@, 1):}21 ( ) ( s ) (C) (_ 5 ) [Toe :ja,.(k\
=21 2,0) (=2,0) 2,0) R
2.5 x 2.5 x x > 1 5]x
ihoSun| Yﬁ’
s \\;; 7%
83.(a) »n 85. (a) 72°F; 65°F (c) The time at which the temperature adjusts between the daytime
H 1T . . . . .
5 1 (b) The temperature decreases by 2° to 70°F and overnight settings is moved to 1 hr sooner. It begins warming
T
6,01/ during the day and 63°F overnight. up at 5:00 am instead of 6:00 am, and it begins cooling down at
OO AT~ T 8:00 pm instead of 9:00 pm.
[ 3,-3 :[:
EH T ~ 76 - T
. 572 g
(b) 9 square units § 68— ! S 76
2 ald 1 E0
Eol F g 8L s
& 26
0 510152025 ¢ £ 60
Time (hours after = 0 510152025 7
midnight) Time (hours after
midnight)
87. °F °F 89. =2 y3 =0
T T A A =3
s s Ve
256[--(100, 212) 256|373, 212y N\
192 192 "
128 128 A LYY /
#40.32) O 73,32 x
020406080100 °C 0280310 350 K

1
91. The graph of y = 4f(x) is a vertical stretch by a factor of 4. The graph of y = f(4x) is a horizontal compression by a factor of —
93. 3 - units  95.The domain of g(x) = Vixis [0, 00). The graph of g(x — k) is the graph of g shifted & units to the right, so the domain of
3
g(x —k)is [k, o). 96.m = 3 b=-6 97.odd 98.3 99.Intercepts: (0, —2),(0,2), (—4,0); x-axis symmetry

2.6 Assess Your Understanding (page 120)

1. (a) d(x) = Vx* — 155> + 64 @dx)=Vxl-x+1 5.A(x) =%x4 7.(a) A(x) = x(16 — x?)
(b)d(0) =8 (b) Domain: {x|0 < x < 4}
(©d(1) = V50 = 7.07 (¢) The area is largest when x ~ 2.31.
(d) EAL

0 2
10 10 (¢) d is smallest when x = 0.5. " 7
-5 5 4
(e) d is smallest when x = —2.74 or x = 2.74
, 25— 20x + 4x?
9.(a) A(x) = 4x\V4 — x2 () p(x) =4x +4V4 - 2 M@Ax) =x"+——

T
(c) Ais largest when x = 1.41. (d) p is largest when x =~ 1.41. (b) Domain: {x|0 < x < 2.5}

(¢) A is smallest when x = 1.40 m.

2
13.(a) C(x) =x (b) A(x) ::TT 15.(a) A(r) =2r2 () p(r) =6r 11.A(x) = (W \/g)xz

3 4
19. (a) d(1) = /2500 — 360t + 13 21.V(r) = 7H(R —r)r’ 2.6 T(x) = 225 4 Val+4  25.(a) V(x) =x(24 - 2x)?
(b) d is smallest when ¢ =~ 0.07 hr. ) R - @ 5 3 () 972in?  (¢) 160 in
(b) {x|0 =x =12} d) VlS largest when x = 4.

(¢)3.09hr (d) 3.55 hr

0 12
0
27. (hk) = (=1,-1);r= V41 28.y= (x+4)2 -2 29.m = —4 30.(—00,~2) U (~2,5]
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AN-12 ANSWERS Review Exercises

Review Exercises (page 125)

1. Function: domain {—1,2, 4}, range {0,3} 2.Nota function 3.@2 (b) -2 (&) ——>— (@) —>— (o) 3= 2) ox
) ’ P4 Tang ’ ) ) -1 ¥ -1 x> —4x +3 4x* — 1
5 5 5 5 x? - x*—4 x(x —4) =1
4.(a)0 (b0 (©Vx—4 d-Vx—4 (e Vx? - dx (f)2\/x -1 5.0 (O (o 5 d)—— (e) ( 2)? ® 5
X x x - X
6. {x|x # —3,x # 3} T{x[x =2} 8 {x|]x #0} 9. {x[x# —-3,x# 1} 10.[-1,2) U (2,00) 1L {x|x > —8}
12. (f + g) (x) = 2x + 3; Domain: all real numbers 13. (f + g) (x) = 3x? + 4x + 1; Domain: all real numbers
(f-g)(x) = —42x + 1; Domain: au real numbers (f—g) (x) = 3x* — 2x + 1; Domain: all real numbers
(f-g) (x) = —3x* + 5x + 2; Domain: all real numbers (F-2) (x) = 9% + 3 + 3x: Domain: all real numbers
z)()c)—27}"Domain‘{xx;é—l} f 3¢+ x+ 1
g 3x+1° ’ 3 <7> (x) = 22T Domain: {x|x # 0}
g 3x
¥ +2x—1 . 15. —4x + 1 — 2k 16. (a) Domain: {x|—4 = x = 3}; Range: {y|-3 =y =3}
M (f+g)(x) = 7)(()5 Y ; Domain: {x|x # 0,x # 1} ® (0,0) © -1 @ -4 (& {x]0<x=3}
)C2 +1 . (f) y (g) YA (h) y
(f—g)(x)=7x(x_1);Domaln:{x\x#O,x;ﬁl} JHM‘&) i WF“GLE)E (1_14\1\3 5
( ] T I L1
el je s et
. _ ) ) Ak —4,-1) 3 T©.0 X
(frg)(x) x(x_l),Domaln. {x|x # 0,x # 1} 1AL -D A } as
S (=8,-3) I G, —3)
f x(x+1) OO Lt \ T 110
(g) (x) = ﬁ;Domam: {x]x # 0,x # 1}
17. (a) Domain: {x|x = 4} or (— 0, 4] (d) Absolute maximum: f (4) = 3
Range: {y|y = 3} or (=00, 3] Absolute minimum: none
(b) Increasing on (—c0, —2] and [2,4]; Decreasing on [ —2,2] (e) No symmetry
(¢) Local maximum value is 1 and occurs at x = —2. (f) Neither
Local minimum value is —1 and occurs at x = 2. (g) x -intercepts: —3, 0, 3 y -intercept: 0

18.0dd 19.Even 20.Neither 21.0dd

24.(a)23 (b)7 (¢)47 25.—5 26.—17 27.No 28.Yes

' 2. T L} LA 30. \Hyb} [T
N pram 1T T
: { / 3 4.9 o a2
I I
a : : e
-2 -6 - =
Local maximum value: 4.04 at x = —0.91 Local maximum value: 1.53 at x = 0.41
Local minimum value: —2.04 at x = 0.91 Local minima values: 0.54 at
Increasing: [ —3, —0.911]; [0.91, 3] x = —034 and —3.56 at x = 1.80
Decreasing: [ —0.91, 0.91 ] Increasing: [ —0.34,0.41]; [1.80, 3]
Decreasing: [ —2, —0.34]; [0.41,1.80 ]
31. y4 32. ¥4 3.y 34. y
S B L TETH
untuat ies Rar: e R D
N ]E.0) DANHHH * ¥is =32 K(1L,0)
R 5 x (=2,-4 (2, -4) 1,0) 11X x
2N it SR
[0, P 0 A HH
Intercepts: (—4,0), (4,0), (0, —4) Intercept: (0,0) Intercept: (1,0) Intercepts: (0,1), (1,0)
Domain: all real numbers Domain: all real numbers Domain: {x|x = 1} or [1, o) Domain: {x|x = 1} or (—00,1]
Range: {y|y = —4} or [ —4, ) Range: {y|y = 0} or (—00,0] Range: {y|y = 0} or [0, ) Range: {y|y = 0} or [0, )
35. TS 36. e 37. (a) {x|]x > =2} or (=2, ) 38. (a) {x|x = —4} or [—4, )
o g (b) (0.0) ) (0,1)
a,2) (=3,-6) ¥ (0 (©)
akd (=2, =87/ R0, -24) % a3 T \}; 1T
-1,-10) {\ 22 EREN REE|
EEEEmEsmEmEE HHHHRH 2 o ny bR
Intercept: (0, 3) Intercepts: (0, —24), / cald (=4, 4)1 ¥
Domain: all real numbers (=2 —\3/1, 0) or about (—3.6,0) (-2, -6)7/ T
) . y: i
Range: {y|y = 2} or [2, ®0) Domain: all real numbers @ {yly > —6} or (=6, ) @ {y—4=y<O0ory>0}
Range: all real numbers or [—4,0) U (0, )
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ANSWERS Cumulative Review AN-13

39.4 =11 40. (a) A(x) =22 + 40 41. (a) A(x) = 10x — x°
) o (b) The largest area that can be enclosed by the
(b) 42 ft . . .
2 rectangle is approximately 12.17 square units.
(c) 28 ft

(d) NORMAL FLOAT  AUTO"REAL RADIAN' MP ]
CALC MINIMUH

0 Hinimum
X=2.1544352 ¥=27.849533

A is smallest when x = 2.15 ft.

Chapter Test (page 127)

1. (a) Function; Domain: {2, 4, 6, 8}; Range: {5, 6,7,8} (b) Not a function (c) Not a function (d) Function; Domain: all real numbers; Range: {y \ y=2}

4 1
x= f};f(—l) =3 3.Domain: {x|x # —2};g(—1) =1 4.Domain: {x|x # —9,x # 4};h(—1) ==

2. Domain: {x 5 3

5. (a) Domain: {x|—5 = x = 5}; Range: {y|-3 =y =3} (b)(0,2), (—2,0),and (2,0) (¢) f(1) =3 (@ x=—-5Sandx =3
(e) {x|-5=x<-2o0r2<x=5}or[—5,—-2) U (2,5] 6.Local maxima values: f(—0.85) ~ —0.86;f(2.35) =~ 15.55;local minimum value:
f(0) = —2;the function is increasing on the intervals [ —5, —0.85] and [0, 2.35] and decreasing on the intervals [ —0.85,0] and [2.35,5].

7. (a) y (b) (0,—4),(4,0) 8.19 9.() (f-g)(x)= 2x* —3x + 3 10. (a) y (b) y
©g(=5) = -9 ®) (f-g) (x) = 6 — 4 + 3x =2 2 EeRECIAaEEE
5 (@) g(2) =2 © f(x + h) — f(x) = 4xh + 21* Ly, 1 (-6 ONFT=(-2,9)
N Z5% (4.3 Ttp?';
\ HH |
1T I

11. (a) 8.67% occurring in 1997 (x = 5) (b) The model predicts that the interest rate will be —10.343%. This is not reasonable.

5x  arx?
e 1297.61 ft3
7w (b) 1297.61 ft

2
12. (a) V(x) = %

Cumulative Review (page 128)

vo 2 o3} acron o5} a{-33) o f]

4 4 3
7.{xx<—§};(—oo,—§> 8. (x|l <x<4};(1,4) 9.{xx$—20rx27},(— ,—Z]U{E,oo>
<€ ) ¢ } < 1 F >
_4 1 4 -2 3
3 2
. . 1 2
10. (a) distance: V29 (b) midpoint: > —4) (c)slope: — 5
11. 12. 13. 14. 15. Intercepts: (0, —3), (—=2,0), (2,0);
iees TrEa 03 o Aan P (_h ) ( h) (2,0)
EESRNCN)yaun 1 4,2) s } } i 4,2) symmetry with respect to the y-axis
C1(0, 0) L4~ Iy (0, Al 1
* ; % 43 @3 Sdud s ia 16.y = 3 +5
\
m @, -2)
@9 a, -1 0,—-1) *
17. ¥4 18. y) 19. yi
S e N
(_4’11\\ I\( ,‘1‘yi 1,1 :\0\’\2;\ 7 (4,4)
R ™ 7 \* 203 F
[ i | i |
| I\ 1
(_\ i \) <_2’ _E},,,, ‘35% } } }
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AN-14 ANSWERS Section 3.1

Chapter 3 Linear and Quadratic Functions

3.1 Assess Your Understanding (page 137)
7.slope; y-intercept 8. positive 9.T 10.F 1l.a 12.d

13.(aym=2;b=3 15.(aym = -3;b =4 17.(a)m=%;b=—3 19.(a)m=0;b=4 21. Linear; f(x) = —3x — 2
® ®) ®) (b) y 23. Nonlinear
A A8 y HHS 25. Nonlinear
:::3;5175 mum o\ 5 o9 27. Linear; f(x) = 8
©,3)F . x
: @D
} x TH 3 o0 —E D
4 [ XTI =l
2
(¢)2 (d) Increasing (¢) =3 (d) Decreasing I —— (&0 (d) Constant

(c) 7 (d) Increasing

x> %} or (%, oo) 31.(a) 40 (b) 88 (¢) —40 (d) {x|x > 40} or (40,00) (e) {x|x = 88} or (—0, 88]
() {x]—40 < x < 88} or (—40,88) 33.(a)—4 (b) {x|x < —4} or (—o0, —4) 35.(a) —6
®) {x| -6 =x<5}or[-6,5) 37.(a)$59 (b)180mi (c)300mi (d) {x|x =0} or [0, 00)

29. (a)% (b) {x
©1 @@ {x|x=1}or(—00,1]

© 2 rimmm (e) The cost of renting the car for a day increases $0.35 for each mile driven, or there is a
RN charge of $0.35 per mile to rent the car in addition to a fixed charge of $45. (f) It costs $45 to rent
[ i = the car if 0 miles are driven, or there is a fixed charge of $45 to rent the car in addition to a charge that
/ yTE &) depends on mileage. 39. (a) $24; 600 T-shirts (b) $0 = p < $24 (c) The price will increase.
YW X
41. (a) {x|9225 = x = 37,450} or [ 9225, 37,450 ] 43. (a) x = 5000 47. (a) C (x) = 90x + 1800
(b) $2538.75 (b) x > 5000 (b))  cw
(¢) The independent variable is adjusted gross income, x. 45. (a) V(x) = —1000x + 3000 2 3000
The dependent variable is the tax bill, 7. (b) {x]0 =x=3}or[0,3] E an00 B
(d) (20,000, 2538.75) () Vi(x) Z
r (37,450, 5156.25) 3000 S 1000
hoo P 0 4 8 12 *x
'E :zggg ‘E é 2000 Number of bicycles
Z 2000 £ % 1000 .
1,000 979225, 922.50) 2 (¢) $3060 (d) 22 bleCleS
0 1Z000 30000 X TS 49.(a) C(x) = 0.89x + 39.95  (b) $13785; $244.65
Adjusted gross income ($) Age
(e) $27500 (d) $1000
(f) For each additional dollar of taxable income between (e) After 1 year

$9225 and $37450, the tax bill of a single person in 2015
increased by $0.15.

51. (a) L € g n
£ 16,000 £ 16,000
3 12,000 312,000
g 8,000 g 8,000 o
E 4000 E 4000
Z 0 16324864 m Z 0 16324864 m
Memory (gigabytes) Memory (gigabytes)

(b) Since each input (memory) corresponds to
a single output (number of songs), we know
that number of songs is a function of memory.
Also, because the average rate of change is a

(f) If memory increases by 1 GB, then the
number of songs increases by 218.75.
53.(d),(e) 55.b = 0;yes, f(x) =b

constant 218.75 songs per gigabyte, the function ! 2 I gg g
is linear. j )
107 60.
(¢) n(m) =218.75m (d) {m|m = 0} or [0, 0) s
AR EEE H
H=2, 3 HT
\ -1, DN @3
NETEIEEE
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ANSWERS Section 3.2 AN-15

3.2 Assess Your Understanding (page 144)

3. scatter diagram 4. decrease; 0.008 5. Linear relation,m > 0 7. Linear relation,m < 0 9. Nonlinear relation

11. (a) NORMAL FLOAT AUTO REAL RADIAN MP

1
(b) Answers will vary. Using (=2, —4) and (2,5),y = gx + >

~

15. (a) NORMAL FLOAT AUTO REAL RADIAN MP

(b) Answers will vary. Using (—20, 100) and (—10, 140),y = 4x + 180. (d) y = 3.8613x + 180.2920

17.(a) , » (c) Answers will vary. Using the d , v (e) 269 calories
'E 280 points (39.52,210) and (66.45, 280), é 280 (f) If the weight of a candy
g ;jg y = 2.599x + 107.288. g ;0 bar is increased by 1. gram,
222 B2 the number of calories will
£ 200 £ 200 increase by 2.599, on average.
% ga6sacz7o ¥ “  Tagasaczm ¥
‘Weight (grams) Weight (grams)
(b) Linear with positive slope
19. (a) The independent variable is the number (©) G(h) = —0.0942h + 3.2763
of hours spent playing video games, and (d) If the number of hours playing video games in a
cumulative grade-point average is the week increases by 1 hour, the cumulative grade-
dependent variable, because we are using point average decreases 0.09, on average.
number of hours playing video games to (e)2.52
predict (or explain) cumulative grade- (f) Approximately 9.3 hours
point average.
21. (a) No (¢) d = 3.3641s + 51.8233 23. y
(b) g d (d) If the speed off the bat increases by 2_ 50
%:;g 1 mile per hour, the homerun distance § § ;g
g 410 increases by 3.3641 feet, on average. '§ g 20 i
e (e) d(s) = 3.3641s + 51.8233 20 e
£ 350 ®) {s|s >0} or (0, ) 3 40«
% 370 (g) Approximately 398 feet Age of mother .
= T00 104 108 No, the data do not follow a linear pattern.
Speed off the bat (mph)

25. No linear relation  27. 34.8 hours; A student whose GPA is 0 spends 34.8 hours each week playing video games. G (0) = 3.28. The average GPA of
a student who does not play video games is 3.28. 28.2x + y =3o0ry = —2x +3 29. {x|x # —5,x # 5} 30. (g —f) (x) =x*>—8x + 12
3y=(x+3)>—4
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AN-16 ANSWERS Section 3.3

3.3 Assess Your Understanding (page 156)

5. parabola 6. axis or axis of symmetry 7. —— 8.T 9.T 10.T 1l.a 12.d 13.C 15.F 17.G 19.H
L TS B 25. f(x) = (x +2)2 -2 27.f(x) =2(x —1)2 =1  29.f(x) = —(x+1)2+1
N 3 4
Y 1 i) = | I
(_4’\4\"\\1 / $4\’4) -4, 24 o [k y‘A\ T T \}; 411 [mam \y T
2N Al A LT S HH Lo
00 * S SREEEE I Ra e (Lre —ontden (=2, 00[(0,0)
T RO SR A 3 -DNAL 5 F HEE N 5*
111 o LT (=2,-2) I ‘l‘,“l‘),
FEEEHC 2D HHH Lmmm.
1
3L f(x) == (x+1)2== 33.(a) ¥ 35. (a) y 37. (a) y 39. (a) y
2 o 3 Atigeo A
R —4,0) [NER WRE Y S
y 2o\ o0 /0N CAE 2iNHon
e i irgi ) ‘ ™ il
; e Ny e (01 JERIARERE mus
27 % HH HH 2]x =L =W HH
(- » =D \l‘,“—‘l.)‘i x=-1 x=-3 x=- x=-1
3\ [T
(‘1’ g (b) Domain: (—00, ) (b) Domain: (— 00, 00) (b) Domain: (—00, c0) (b) Domain: (—00, c0)
Range: [—1, o0) Range: (— 0, 9] Range: [ -9, o) Range: [0, 00)
(¢) Decreasing: (—o0, —1] (¢) Increasing: (— 00, —3] (¢) Decreasing: (¢) Decreasing: (—o0, —1]
Increasing: [ —1, ) Decreasing: [ —3, ©0) (—o00,—1] Increasing: [ —1, 00)
Increasing: [ —1, 00)
41. (a) yi 43. (a) vy (15 45. (a) y 47. (a)
Y e g3 e S e
iz yame 3y L P i (U5 e
im| - W —1.78,0) N
S ‘,‘2‘31!51(1’1_5> 0, 3' ‘li’m) (=158, 0170, 2) F 3
Cfi\e 8 . R " unEw (0.28, 0)
H it o CLoDTRCoazo P
=1 el x=-1 x=-q

(b) Domain: (—00, )
Range: [ —1, )

(¢) Decreasing: (—00, —1]
Increasing: [ —1, 00)

(b) Domain: (—00, c0)

15
R i
ange [8’00)
l}
4

(b) Domain: (—00, c0)

Range: (— 00 H}

(b) Domain: (—00, c0)

5
Range: (—OO, —5}

(¢) Decreasing: (— 00, . 1 .
(¢) Increasing: { —c0, > (¢) Increasing: | —o0, ==
Increasing: {%, oo)

. 1 . 3
Decreasing: [5, 00 ) Decreasing: { T (o] )

49.f(x) = (x+1)2—-2=x*+2x—1 5Lf(x)=—(x+3)2+5= —x>—6x—4 53.f(x) =2(x—-1)>2-3=2%—4x—1
55. Minimum value; —18 57. Minimum value; —21 59. Maximum value;21 61. Maximum value; 13
63. (a) y 65. (a) Mo\ 67. (a) 79

(=3,0\ .0 5'[5’0) f FHa m)

a0 ‘
1* i
: I B
1, -16) (0, =5) (0, -16) (6, =16)

(b) Domain: (—00, c0)
Range: [—16, 00)

(¢) Decreasing: (—00,1]
Increasing: [ 1, o)

69. (a)

V¥

1
‘5’1), o,

T
2~
mE

(b) Domain: (—00, c0)
- )

— 00

L8

1
(¢) Decreasing: (— 00, ——}

Range:

4
o -4 )
Increasing: _Z’Oo

(b) Domain: (—00, c0)
Range: (— 00, )
(¢) Increasing: (— 00, 00)

71. (a)

(b) Domain: (—00, c0)
Range: (—00, )
(¢) Decreasing: (—00, 00)

(b) Domain: (—00, c0)

(©)

73. (a) a .
(s

Range: (—0,2]
Increasing: (—00, 3]
Decreasing: [ 3, o)

(b) Domain: (—00, c0)

1
(¢) Increasing: <— 00, —f}
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ANSWERS Section 3.4 AN-17

75.a =6,b=0,c=2

77. (a), (c), (d) 79. (a), (c), (d) 81. (a), (¢), (d) 8.(@a=1fx)=(x+3)(x—1)=x>+2x-3
LA R ii%“““ a=2f(x)=2(x+3)(x—1)=2>+4x—-6
16,5 ‘—‘1‘,‘3‘“ \ ”A\ {2 ‘6):: a=-2f(x)=-2(x+3)(x—1)=-2>—4x+6
\- A 11 N \‘%‘ a=5f(x)=5(x+3)(x—1) =52+ 10x — 15
HHEHS > [ HH \ : v (b) The value of a does not affect the x-intercepts, but it changes
(_‘1" ‘_‘Sw J }:ﬁ; ;_5) (_;];’;_;?' \ i the y-intercept by a factor of a.
(c¢) The value of a does not affect the axis of symmetry. It is
®) {~1.3} ®) {~1.3} ®) {~1.2} x = —1 for all values of a.
(d) The value of a does not affect the x-coordinate of the vertex.
However, the y-coordinate of the vertex is multiplied by a.
(e) The mean of the x-intercepts is the x-coordinate of the vertex.
85.(a) (—2, —25) 87.(2,2) 89.$500;$1,000,000 91. (a) 70,000 digital music players (b) $2500
(b) -7,3 93, (a) 187 or 188 watches; $7031.20 (b) P(x) = —0.2x* + 43x — 1750
(c) —4,0; (—4,-21), (0,-21) (¢) 107 or 108 watches; $561.20 95. (a) 171 ft (b) 499 mph (c) Reaction time
(d) 4 97. If x is even, then ax? and bx are even and ax® + bx is even, which means that ax?> + bx + ¢ is odd.
| If x is odd, then ax? and bx are odd and ax? + bx is even, which means that ax> + bx + c is odd.
=704 {m %—; In either case, f(x) is odd.
. Um ; 99, e 101. 5% — dac < 0 103. No
(—"2,‘ _‘25, ‘ﬁ’ 1_12111 \ [oy=xtt2r+l 105. Symmetric with respect to the x-axis, the y-axis, and the origin.
h =¥ +2-3 106. {x|x = 4} or (—o0,4] 107 Center (5, —2); radius =3
\ /. l 108.y =V — x
y=at2

3.4 Assess Your Understanding (page 165)
3.@R(x) = — %x2 +100x  (b) {x|0=x =600} (c)$1333333 (d)300;$15000 (e)$50 5. (a) R(x) = %x? +20x  (b) $255
(¢) 50;$500 (d) $10 (e) Between $8 and $12 7. (a) A(w) = —w? + 200w (b) A is largest when w = 100 yd. (c) 10,000 yd®> 9. 2,000,000 m’

11. (a) % ~ 39t (b) % ~ 2195t (c) About 170 ft

(d) NORMAL FLOAT AUTO REAL RADIAN MP (t’) When the height is 100 ft, the 13. 18.75 m 15. (a) 3 in. (b) Between 2 in. and 4 in'
e projectile is about 135.7 ft 750
from the cliff. 17 e 238.73 m by 375 m
a 38 248
19.x=- 21.— 23.—/—
x=3 3 B3
% 200

(b) I(x) = —44.759x% + 4295.356x — 55,045.418 (e)
(c) About 48.0 years of age
. (d) Approximately $48,007

0 75 0 75

The data appear to follow a
quadratic relation with a < 0.

n 29. (a) NORHAL FLOAT AUTOREAL RADIAN HP n
: 120- i
iy e % 43
The data appear to be linearly related with positive slope. The data appear to follow a quadratic relation with a < 0.
(b) R(x) =1.229x +917.385  (c) $1993 (b) B(a) = — 0.547a* + 31.190a — 342.218 (¢) 79.357

2 4
R.2x+3y=—4 or y=—"x—= 3313 34.(x+6)2+y?=7 35(0,—12), (—4,0), (4,0
3 3
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AN-18 ANSWERS Section 3.5

3.5 Assess Your Understanding (page 172)

3.(a) {x|x < —2orx>2}; (—00,—-2) U (2,00) (b) {x|-2=x=2}[-2,2]

5. {x]|2=x=1}[-2,1] ) {x|]x < —2o0rx>1};(—00,-2) U (1,0) 7 {x|-2<x<5};(-2,5)

9. {x|x <0orx>4};(—00,0) U (4,00) 1L {x|-3<x<3}(-3,3) 13.{x|x < —4orx>3};(—00,—4) U (3,)

2 3 2 3
15. {x x<—§orx>5}, (—oo, _E)U(E’O">

23. {x|x = —dorx =4}; (—oo,—4] U [4, 0)
25.a) {-1,1} ) (-1} (©{-14} (@ {xlx<-Torx>1};(=00,—1)U(1,0) (e) {x|x=—1}; (=00, 1]
(B {x|x < —Torx >4} (-0, -1)U 4 o) (g {x|x=-V2orx=V2}; (—00,-V2] U[V2, )

nw 11 O © 40 @p-1<i<i Ly @ittt o r-ici <000 @0

29.(a) {—2,2} (b) {—2,2} (©){-2,2} (@) {x|]x< -2 orx>2};(—00,-2) U (2,0) (e){x|]x=—-2o0rx=2};(—00,-2]U[2, )
) {x|x < —20rx>2}; (00, —-2) U (2,0) (g) {x|]x = ~V50rx= \@}, (—o0, —\@} U [\/g, )
3L.(a) {—1,2} () {-2,1} (© {0} (@) {x|]x<—-lorx>2};(—00,—1)U(@2,00) (e){x|-2=x=1}[-2,1] () {x|x <0}; (—00,0)
{ - V13 1+\/E}< 1—\/6} [1+\/B )
@« orx= [ —oo, U o0
2 2 2 2
33. (a) Ssec (b) The ball is more than 96 ft above the ground for time ¢ between 2 and 3 sec,2 < ¢t < 3.

35. (a) $0,$1000 (b) The revenue is more than $800,000 for prices between $276.39 and $723.61, $276.39 < p < $723.61.
37.(a) {c | 0.112 < ¢ < 81.907}; (0.112,81.907)  (b) It is possible to hit a target 75 km away if ¢ = 0.651 or ¢ = 1.536. 44. {x|x = 5}

—% <x< 3}; (—%, 3) 17. No real solution 19. No real solution 21. {x

X =

45. (a) (9,0), (0,-6) 46. Odd
(b) ¥ 47. Neither
9,0)_~
X
A0, —6)

Review Exercises (page 175)

1 1
L@m=2b=-5 (b)2 2.(a)m:—§;b=1 (b)—g 3.(agm=0;b=4 (b)0 6. y
1T
© s © oy © 5 Sy
y =0 5 T \VANY
5 2 T NP 43,3
ud T AT (0. 4) At
- 0. -39 H® ) @yl
1,-3 a0 x HH
(0, —5) i
T |
1A 1
T
(d) Increasing (d) Decreasing (d) Constant
4. Linear; f(x) = 5x + 3
5. Nonlinear
VA y 8. y 9. (a) y 10. (a) y
m TR AT [ T BT
P N HH H-HH HHJ/‘O‘Z‘)F
n‘t,‘ )] (_;2;’;6;) K[ 0,6)" .6 \ 1/ (\4 9 (‘_‘2‘ N ’2’0,
N 3 (=LY A ;_Jgi:: 5
G DEHEAG D T,
LT ¥ i /
x=2

(b) Domain: (—00, 00)
Range: (—0,2]

(¢) Increasing: (—00,0]
Decreasing: [0, 00)

(b) Domain: (—00, 00)
Range: [2, 00)

(¢) Decreasing: (—00,2 ]
Increasing: [2, 00)
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ANSWERS Review Exercises AN-19

11. (a) RTWIIA 12. (a) 7y 13. (a) T 14. (a) T
EEEE i EEEE (0 A2 2 N i auaa.
I [ 1] yil_ [T1 LT /! [
0,0/, 0) C2 1) i 14,0) (_1}5\5’\ \) gy
) 3 an —0.4,0) 2
e R S it ey
CLofi s HEHE (-2 It
-1 Y -1 =2
X = E x =_3 X = 2 xX= 3
(b) Domain: (—00, 00) (b) Domain: (—00, 00) (b) Domain: (—00, 00) (b) Domain: (—00, 00)
Range: (—00,1] Range: [0, 00) 3 7
Range: | — oo, n Range: 3 00
1 1
(¢) Increasing: (— 0, 5} (¢) Decreasing: (— 00,—5} 1 . 2
1 1 (¢) Increasing: (— 0, 5} (¢) Decreasing: { — oo, 3
Decreasing: {5, OO) Increasing: [_5’ 00) 1 ) 2
Decreasing: {5, oo) Increasing: 3 o0

15. Minimum value; 1 16. Maximum value; 12 17. Maximum value; 4 18, {x| -8 < x < 2}; (-8, -2)

19. {x

1
22.(a) S(x) = 0.01x + 25,000 (b) $35,000 (c) $7,500,000 (d) x > $12,500,000 23.(a) R(x) = —Exz +150x (b) $14,000 (c) 750;$56,250 (d) $75
24. 4,166,666.7 m*  25. (a) 63 clubs  (b) $151.90 26. (a) A (x) = —x? + 10x; 25 units® 27.3.6 ft

xs—éoerS};(—OO,—%}U[S,OO) 20y=x>+2x+3 2L.y=x>—4x+5

28. (a) y 29. (a) Quadratic,a < 0
2 38 E
g 37 23 6500
< 36 5 S 6400 .
E 35| e £ 2 6300
Eoagle ZEcw0f °
2425262728 * = § 6100 H
Humerus (mm) g 20 25 30
(b) Yes Advertising
( ) 13092 + 1.1140 (thousands of dollars)
cy=1 X .
(d) 3795 mm (b) About $26.5 thousand

(¢) $6408 thousand
Chapter Test (page 177)

1. (a) Slope: —4; y-intercept: 3 2. Linear;y = —5x + 2 4. (a) Opensup (b) (2,-8) (¢)x =2
Eb)) Decreasing > [ \i T (d) x-intercepts: 6— 2\/6 6+ 2\/6.
" e anf  fer TS
©.3) SaR\coubinas y-intercept: 4
\H-H \/ /4D
5 8> (e) yrx=2
T Sem e
R
A INEE| 77‘(?"4‘ “, T')/ (.63,0)
37,0 10
[ |
e -8
(f) Domain: All real numbers; (—00, ©0)
Range: {y|y = —8}; [ -8, 0)
(g) Decreasing: (— 00, 2 ]; Increasing: [2, c0)
5.(a) Opensdown (b) (1,-3) (¢)x=1 (e) N (f) Domain: All real numbers; (— 00, 00)
(d) No x-intercepts: y-intercept: —5 2 Range:{y|y = —3}; (—00,=3]
EEeasssn] ——?x (g) Increasing: (—o0, 1]; Decreasing: [ 1, c0)
{ \_\
0, -5) 2,-5)
NN | Y
Y \
NN 4 A NI

| |

I ]

I ]
6. f(x) = 2x* — 4x — 30 7. Maximum value;21 8. {x|x = 4orx =6}; (—00,4] U [6,00) 9. (a) C(m) = 0.15m + 129.50 (b) $258.50
(¢) 562 miles 10. (a) R(x) = —%xz +1000x  (b) $384,000 (c) 5000 units; $2,500,000 (d) $500

(b) y = —4.234x — 2.362 (¢) y = 1.993x% + 0.289x + 2.503

Linear with negative slope Quadratic that opens up
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AN-20 ANSWERS Cumulative Review

Cumulative Review (page 178)

1.5V72; <%, %) 2. (—2,—1) and (2, 3) are on the graph.

3 3 1 13
3'{")‘2_5}“{—5,00) 4y=—-"2x+2 5.y:—5x+7 6. (x—2)2+ (y+4)2=25
[ > y y y
3 N5 0 R
s -1,4 H Sas
3.5 21
nl
2 i;; (=3, —a{ [, )
N 3 FHH N, —4)
X T 2, -9)-

7.Yes 8.(a)—3 (M)x>—4x—2 (@©x*+4x+1 d—-x*+4x—-1 (e)x>*—-3 H2x+h—4 9.{217&%} 10. Yes

11. (a) No (b) —1; (=2, —1) is on the graph. (¢) —8; (—8,2) is on the graph. 12.Neither 13. Local maximum value is 5.30 and occurs at

x = —1.29. Local minimum value is —3.30 and occurs at x = 1.29. Increasing: [ —4, —1.29] and [1.29, 4 ]; Decreasing: [ —1.29,1.29 ]

14.(a) —4 (b) {x|x > —4} or (—4,00) 15.(a) Domain: {x| -4 = x = 4}; Range: {y|-1 =y =3} (b) (—1,0), (0,—1),(1,0) (c) y-axis
@1 (e)—4and4 (P {x|-1<x<1}

(€] y (h) y (i y (j) Even (k) [0,4]
_4’5\L\ 5 HL/_A"S [T 5 1] ,m 1]
(-1,2)¥i(1,2) (=2,1) (3)] (=2,2) 2,2)
-0, 1y x —1,0) ¥\ x —1,0) 5 x
}(}H’ \(HH'/‘I‘,‘O:* \(HH,/ 1‘,‘0)‘:
T HO, — 1) HO, —2) 1+
T T O T

Chapter 4 Polynomial and Rational Functions
4.1 Assess Your Understanding (page 196)

7. smooth; continuous 8. touches 9. (—1,1); (0,0); (1,1) 10. ris a real zero of f; r is an x-intercept of the graph of f; x — ris a factor of f.
11. turning points  12. 00; 00 13, 00; —0c0  14. As x increases in the positive direction, f(x) decreases without bound. 15.b 16.d

3 2

1 1 1 1
17. Yes; degree 3; f(x) = x> + 4x;leading term: x*; constant term: 0 19. Yes; degree 2; g(x) = ) X2+ > leading term: 5% constant term: >

3 1 1
21. No; x is raised to the —1 power 23. No;x is raised to the 7 power 25. Yes; degree 4; F(x) = 5x* — x> + > leading term: 5x*; constant term: 5

27. Yes; degree 4; G (x) = 2x* — 4x® + 4x? — 4x + 2;leading term: 2x*; constant term: 2

29. i 31 ) 33. ) 3s. y 3. )
ot 1 ot LI 5
T | Fo IR 3) A e
(-2,D% 0.1 | mns —1, 140, 0 0. D701,

. BRI guEar: . e
’\(T\I’\ 4 ol (0, -3) 17_2x (\’\v\’ * u,—l)x *
o Lot = n
T Y 111 T 111
39. ¥4 41. y 43. f(x) = (x + D)(x = 1)(x = 3) 45. f(x) = x(x + 3)(x — 4)
X [TTT TT [TT]
2.9 40,3 49 {2;3")) =x -3 -x+3fora=1 =x —x*—12xfora=1
(=L 1) . 47 f(x) = (x + H)(x + D)(x — 2)(x — 3) 49. f(x) = (x + 1)(x — 3)?
| v =x*—15x> + 10x + 24 fora = 1 =x3—5x2+3x +9fora=1
Y

51, f(x) = 2(x + 3)(x — 1)(x — 4) 53. flx) = 1bx(x + )(x = 2)(x = 4) 55, flx) = 5(x + 1)*(x — 1)
=2x% —4x2 — 22x + 24 = 16x* — 80x® + 32x% + 128x =5x* — 1062 + 5

57. (a) 7, multiplicity 1; —3, multiplicity 2 (b) Graph touches the x-axis at —3 and crossesitat7 (¢)2 (d)y = 3x3
1
59. (a) 2, multiplicity 3  (b) Graph crosses the x-axis at2. (¢)4 (d)y = 4 61. (a) 5> multiplicity 2; —4, multiplicity 3
1
(b) Graph touches the x-axis at - and crosses at —4. ()4 (d)y = —2x° 63.(a) 5, multiplicity 3; —4, multiplicity 2

(b) Graph touches the x-axis at —4 and crossesitat5. (¢)4 (d)y = x> 65. (a) No real zeros  (b) Graph neither crosses nor touches the x-axis.
©5 (@) y=23x" 67 (a)0, multiplicity 2; —\/2, \/2 , multiplicity 1 (b) Graph touches the x-axis at 0 and crosses at —\/2 and V2. (¢) 3
(d) y = —2x* 69. Could be; zeros: —1, 1, 2; Least degree is 3. 71. Cannot be the graph of a polynomial; gap at x = —1 73. f(x) = x(x — 1) (x — 2)

75. f(x) = —lz (x+1)(x—1)2(x—=2) 7TLf(x) =02(x+4)(x+1)%(x—3) 79.f(x) =—x(x+3)*(x—3)?
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81.Step 1: y = x°
Step 2: x-intercepts: 0, 3;
y-intercept: 0
Step 3: 0: multiplicity 2; touches;
3: multiplicity 1; crosses

Step P: TR NORHAL FLOAT  AUTO} REAL RADIAN HP:

Step 5: (2, —4); (0, 0)

Step 6: y
i
(4, 16)
N
B0 see 6N
-1, —-4), 5]
R

Step 7: Domain: (— 00, 00);
Range: (— 00, 00)

Step 8: Increasing on (— o0, 0] and [2, o)

Decreasing on [0, 2]

87.Step 1: y = x°
Step 2: x-intercepts: —4, —1,2;
y-intercept: —8

Step 3: —4, —1,2: multiplicity 1, crosses

Step 4:

Step 5: (—2.73,10.39); (0.73, —10.39)

Step 6: y
@ =8 S0 1]
(—2.73,10.39) (3, 28)
(—4,0) i
(-5,-28 5%
’ } / /I ‘( b
¥ ’ (0.73, —10.39)
(=1,0)

Step 7: Domain: (— 00, 00);
Range: (— 00, 00)

Step 8: Increasing on (— 00, —2.73]
and [0.73, 00)
Decreasing on [—2.73,0.73]

93. Step 1: y = x*
Step 2: x-intercepts: —1, 0, —3; y-intercept: 0
Step 3: —1, —3: multiplicity 1, crosses;

0: multiplicity 2, touches

ANSWERS Section 4.1 AN-21

83.Step1: y = —x° 85.Step I:y = —2x*
Step 2: x-intercepts: —4, 1; Step 2: x-intercepts: —2, 2;
y-intercept: 16 y-intercept: 32
Step 3: —4: multiplicity 2, touches; Step 3: —2: multiplicity 1, crosses;
1: multiplicity 1, crosses 2: multiplicity 3, crosses

Step 5: (—4,0); (—0.67,18.52) Step 5: (=1, 54)

Step 6: (-0.67,18.52) y Step 6: (1,54 0,32)
NEANEY (=2,0 /2.0

.10 g
(—5,6) 1,0) | (3, —10)
s IR F)
Bl S ol Lyl
1T In} T I

Step 7: Domain: (— 00, 00); Step 7: Domain: (— 00, 00);
Range: (— 00, 00) Range: (— 0, 54]

Step 8: Increasing on [ —4, —0.67 ] Step 8: Increasing on (— o0, —1]
Decreasing on (—00, —4] and Decreasing on [—1, 00)
[—0.67,00)

89. Step 1: y = x* 91. Step 1: y = x*
Step 2: x-intercepts: —2, 0, 2; Step 2: x-intercepts: —1, 2;
y-intercept: 0 y-intercept: 4
Step 3: —2, 2: multiplicity 1, crosses; Step 3: —1, 2: multiplicity 2, touches

0: multiplicity 2, touches

3 3
i Step 5: (—1, 0); (2, 0); (0.5, 5.06)
Step 5: (—1.41, —4); (1.41, —4); (0, 0) Step 6: N
Step 6: y (—zu,f#;?‘” "3,‘ 1‘6)
904 [EEEA ‘0.2
(U | (=1, 0)\ —-—l»»(‘U.S, 5.06)
(=3,45 (3,45) [RER/ AT 31
(.41, 4y ©.0) H@ A A
2,0\ 42,0 HHHHH
(141, —4)= F5{x
Step 7: Domain: (— 00, 00);
Step 7: Domain: (— 00, 00); Range: [0, 00)
Range: [—4, 00) Step 8: Increasing on [—1, 0.5] and [2, 00)
Step 8: Increasing on [—1.41,0] and [1.41, o0) Decreasing on (— 00, —1] and [0.5, 2]

Decreasing on (— o0, —1.41], and [0, 1.41]

Step 5: (—2.37, —4.85); (—0.63, 0.35); (0, 0) Step 7: Domain: (— 00, 00);
Step 6: y Range: [—4.85, 00)
(—4,489) 8 - Step 8: Increasing on [ —2.37, —0.63 ] and
Cp 401 (—0.63,0.35) P & )
1 J/ [0, o)
rogl b -
i 1.8) Decreasing on (— 00, —2.37] and
(=3,0) T
15N Z5[(0,0) 5« [—0.63, 0]
(~2.37,-4.85)
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AN-22 ANSWERS Section 4.1

95. Step 1: y = 5x* 97.Step 1: y = x° 99.Step 1: y = x°
Step 2: x-intercepts: —3, =2,0,2; Step 2: x-intercepts: 0, 2; y-intercept: 0 Step 2: (O
y-intercept: 0 Step 3: 0: multiplicity 2, touches;
Step 3: —3, —2, 0, 2: multiplicity 1, crosses 2: multiplicity 1, crosses
Step 4: 4 2
-2

3 3
Step 3: x-intercepts: —1.26, —0.20, 1.26;
y-intercept: —0.31752
=70 —30
Step 4: AT ]
Step 5: (—2.57, —14.39); (—0.93,30.18); Step 5: (0,0); (1.48, —5.91)
(1.25, —64.75) Step 6: y
Step 6: (—093,30.18) ¥ EESCUDEEE iaN
h a0l g (3, 108)
(-3 0‘\‘\ Q. 2,0) ‘1.‘4;8, —591)
XA T 004 J2.0) amxro. 2:¢-1. s876x-0. 31752
VNN (-1, -12) x
(-257,-1439) 7 2O\ [EEEE\AERRSES Step 5: (—0.80,0.57); (0.66, —0.99)
ECIAVE Step 6
- . ins (— . p 0: A7)
(1.25,-64.75) Step 7: I}zomam(. ( OOOOC;OO;)’ (-0.5, o%nt;o;)J{hBL——ﬂ“_‘o.m, 0)
. ange: (— 00, o
Step 7: D 1 (—00,00); R :[—64.75, 0o . (—0.80, 0.57). (1.5, 1.13)
°p omalr.l ( - ©0); Range: [ ) Step 8: Increasing on (— 00, 0] and [1.48, 0) m ,\\} ! ﬂ"
Step 8: Increasing on [ —2.57, —0.93 ] . (~1.26,0) 25 %
Decreasing on [0, 1.48] (~1.5, —0.86) (1.26, 0)
and [1.25, o) (0, —0.32)) (0.6, —0.99)
Decreasing on (— 00, —2.57 ] and
[—0.93,1.25] Step 7: Domain: (— 00, 00); Range: (—00, o)
Step 8: Increasing on (—o0, —0.80] and [ 0.66, o0)
Decreasing on [ —0.80, 0.66 |
101. Step 1: y = x° 103. Step 1: y = x* 105. Step 1: y = 2x*

Step 2: SlEP P JRNORHAL FLOAT AUTO REAL RADIAN HP ] StEP 2 RKGRHAL FLOAT: AUTO! REAL: RADZAN: M a
0 0
2

/Wl/ 2 | 2 2

Step 3: x-intercepts: —3.56, 0.50; Step 3: x-intercepts: —1.5, —0.5, 0.5, 1.5; Step 3: x-intercepts: —1.07, 1.62;
y-intercept: 0.89 y-intercept: 0.5625 y-intercept: —4
Step 4: m

Step 4 NORMALYFLOATYAUTONREALTRADIANTHP
PRESS ENTER TO EDIT

SteP 4: NORMALYFLOATYAUTONREALTRADIANTHP

R NORMALYFLOATYAUTO REALTRADIANTHP
PRESS ENTER TO EDIT

PRESS ENTER TO EDIT

|11ax’+2. 56X%-3. 31X+0. 89 |11EX"—2. 5X°+0.5625 v 182X -nx’+5x-4

Step 5: (—2.21,9.91); (0.50,0) Step 5: (—1.12, —1); (1.12, —1), (0,0.56) Step 5: (—0.42, —4.64)
Step 6: y Step 6: H(?, 0.56)(0 o Step 6: )
[T - .5, [Tk |
-221,9907 1051, 5.76) (~05, 04 5[4/ (-125,422)} | Ji1.75, 1.83)
(~3.56,0) (175, 2290 ] s a f.01.62,0)
10, 0.89 )/ 1« (1504 PN (~1.07,0) 3
— —_ TTTTI/A] X T
396 0s g 110 1z |, - IPREVA ritr)
(-1, —0.94) (1, —0.94) e
Step 7: Domain: (— 00, 00); Step 7: Domain: (— 00, 00); Step 7: Domain: (— 00, 00);
Range: (—00, ) Range: [ -1, o) Range: [ —4.64, )
Step 8: Increasing on (—00, —2.21 ] Step 8: Increasing on [—1.12, 0] and [1.12, 00) Step 8: Increasing on [ —0.42, c0)
and [ 0.50, c0) Decreasing on (—o0, —1.12] Decreasing on (—00, —0.42]

Decreasing on [ —2.21,0.50 ] and [0, 1.12]
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ANSWERS Section 4.1 AN-23

107. f(x) = —x(x + 2)(x =2) 109. f(x) = x(x +4) (x = 3) 111. f(x) = 2x(x + 6)(x — 2)(x +2)
Step1: y = —x° Step1: y = x° Step 1: y = 2x*
Step 2: x-intercepts: —2, 0,2; Step 2: x-intercepts: —4, 0, 3; Step 2: x-intercepts: —6, —2, 0, 2;
y-intercept: 0 y-intercept: 0 y-intercept: 0
Step 3: —2, 0, 2: multiplicity 1, crosses Step 3: —4, 0, 3: multiplicity 1, crosses Step 3: —6, —2,0,2: multiplicity 1, crosses
Step 4:
14 3
—225
Step 5: (—1.15, —3.08); (1.15, 3.08) Step 5: (—2.36, 20.75); (1.69, —12.60) Step 5: (—4.65, —221.25); (—1.06, 30.12);
Step 6: y Step 6: y (1.21, —44.25)
X 20{(0,0) ] 50 H Step 6:
(=3, 19% 1T (1.15, 3.08) (—2.36,20.75) ,32) P (-106, 3012
(=2,0)\ 2,0 (—=4,0)/ /-3, 0) H-opHH
F e I AL et
(—1.15, =3.08) [\ > 0)(1.69, —12.60) ez i
[N (3, —15 (-5, —40) i A (=2,0)| ¢
Rt N B oo\ S Jeo
X
Step 7: Domain: (— 00, 00); Step 7: Domain: (— 00, 00); (—4.65, —221.‘2‘5)‘#( ,‘0) ——(1.2‘1, —44.25)
Range: (=00, c0) Range: (- 00, o) Step 7: Domain: (— 00, %0);
Step 8: Increasir.lg on [—1.15,1.15] Step 8: Increasing on (— o0, —2.36] Range: [—221.25, 00)
Decreasing on (— 00, —1.15] and and [1'6?> ) Step 8: Decreasing on (— o0, —4.65] and [—1.06, 1.21]
[1.15, 00) Decreasing on [~2.36, 1.69] Increasing on [—4.65, —1.06] and [1.21, o)
- _ 2 2 _ Ste 4: NORMAL FLOAT AUTO REAL RADIAN MP n Ste 6:
113. f(x) x“(x -;— 1)°(x - 1) P P o= :M
Stepl:y = —x (~1.5,1.40625) | (0,74, 0.43)
Step 2: x-intercepts: —1, 0, 1; (—‘1,‘ 0“ ‘1 ;)‘)J
y-intercept: 0 2 3 (—0.54, 0.10) ‘ﬂ”'; 1.39392)
Step 3: 1: multiplicity 1, crosses; —1, H(‘o‘, L
0: multiplicity 2, touches =i Step 7: Domain: (— 00, 00);
Step 5: (—1,0); (—0.54, 0.10); (0, 0); (0.74, 0.43) Range: (— 00, 0)

Step 8: Increasing on [—1, —0.54] and [0, 0.74]
Decreasing on (— 00, —1], [-0.54, 0],
and [0.74, c0)

115, f(x) =3(x +3) (x — 1) (x —4) WLf(x) = —2(x+5)2(x —2) (x —4) 119.(a) 3,2 (b) —6, 1

121. (a) H 123.(a) T
50 70 -
40 62 0
30 54
20 46| e
10 38
30,
0 246 10 ~ &

0 6 12 18 24
The relation appears to be cubic.

(b) H(x) = 0.3948x — 5.9563x% + 26.1965x — 7.4127 (¢) ~ The relation appears to be cubic.

(b) 6°/h (¢) 0.17°/h
(d) T(x) —0.01992x? + 0.6745x> — 4.4360x + 48.4643; 70.1°F

(e) = 54; no. The end behavior of the model indicates that as time goes on,
the number of major hurricanes will continue to increase each decade
without limit. This is unrealistic. End behavior should not be used to
make predictions too far outside the data used to create the model.

(f) The predicted temperature at midnight is 48.5°F.

125 (a) NORMAL FLOAT AUTO REAL RADIAN MP NORMAL FLOAT AUTO REAL RADIAN MP n (b) NORMAL FLOAT AUTO REAL RADIAN MP n NORMAL FLOAT AUTO REAL RADIAN MP n
. PRESS ENTER T0 EDIT PRESS ENTER T0 EDIT PRESS ENTER TO EDIT PRESS ENTER TO EDIT
X Y Yz X Y1 X Y1 Y2 X Y1
=5 [) [) 1 F | [) 1
-3 181 i 11111 . ] .8371 X 11111 &
=N .328 2 .25 -8 7376 2 1.25
it § 47 3 1.4286 -7 6871 3 14286
-6 = b, 1.6667 -6 6736 N T 1.6667
b 625 F 3 B 6875 5 2
= 696 6 19 L, ] 7216 6 25 %
- ] 763 7 3.3333 3 27711 P 3.3333 X
] .832 .8 = .8336 8 5
=1 .909 9 10 L% 9091 9 10
] 1 1 ERROR |4 L] 1 ERROR | 5
[y181/(1-X) 2B1+X+X24+XC [y1B1/(1-X) 2B+ XX+ +X
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AN-24 ANSWERS Section 4.1

(¢) [ Er o EE ws sy (1] [ e IR iR W 7] (d) As more terms are added, the values of the polynomial function get
£y - T L‘H 3 closer to the values of f. The approximations near 0 are better than
3 H1305 R T b those near —1 or 1.
:.E 59584 N 6667 | 1.
E ESSEE E Soas |2
181/(1-X) 281 +X X2 x5
2 11 -2-V7 2+ V7
131. (a)—(d) 135.y = 5Ty 136. {x|x # -5} 137.———— 7 T 138. (-7,3)
Historical Problems (page 213)
b\? b\? b
1. (x—§> +b<x—§) +c(x—§>+d=0 3. 3HK=—pp
pPx b 2b%x b3 be Y72
bt = oAb Tt ex— —+d=0 3H
S S B T \
3 L
b? 26 be HE <—* =q
S5 ;
X c 3 )x 77 3 d 0 ;
b 2w b e
Letp =c— 3andq—f—?c+d Then x* + px + g = 0. 27H?
\ 27HS — p* = —27qH’
2. H+K)yY+pH+K)+qg=0
( e ) ta 27TH® + 27qH> — p* = 0
H? +3H°K +3HK* + K>+ pH+pK+q =0 . .
—27q £ 27q)" — 427)(—
Let3HK — . o ~204 % V@IgP 4@ (-p)

2:27
H*-pH-pK+ K +pH+pK+q=0, H+ K =—¢q

s_ "4, 27%¢> 47
= 2 T\ 272 2972
2027%) 22277
2 3
-4 q
H=—+ |- +5s
2 4
p3
27

Choose the positive root for now.
4. H3+K3=—q S.x=H+K

K= —q- 1 xzj;qﬂ/fﬁ \/7_ C v
. s 2 4 27

3 - qa P
K 9= R + 4 + 27 (Note that had we used the negative root in 3 the result would be the same.)
5 5 6.x=3 7.x=2 8x=2
—-q qa P
K3=—21_ [, 2
2 4 27
K= -4 _ 12 p73
2 4 27

4.2 Assess Your Understanding (page 213)
5.a 6.f(c) 7b 8F 9.0 10.T 11.R=f(2)=8no 13.R=f(2)=0;yes 15.R=f(-3)=0;yes 17 R =f(—-4)=1;no

1
19.R=f (*) = 0;yes 21.7;3 or 1 positive; 2 or 0 negative 23. 6;2 or 0 positive; 2 or 0 negative 25. 3;2 or 0 positive; 1 negative
1
27.4;2 or 0 positive; 2 or 0 negative  29. 5;0 positive; 3 or 1 negative 31. 6;1 positive; 1 negative 33.4; +1, £— 35.5; £1, +3

3
;£1, £2, £3, £4, £6, £12, + i%

+1
T

49. -9 and 3
AUTO REAL RADIAN MP

=50
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ANSWERS Section 4.3

(2x — 1)(x — 3)> 55.— %;f(x) =
-1,1L,1;f(x) =

51. -3, -1,2;f(x) = (x + 3)(x + 1)(x — 2) 53.- Gx+DE*+x+1)

57.4,3 — /5,3 + V5, fx) =

33ﬂw

x—4)(x—3+\/)(x—3—\/) 59, -2, (x + 2)(x + 1)(x — 1)?

+ +V -
61. 3 1,%, 2 f(x)=(x=2)x+1)Bx+7)(7x —2) 63.3,———— > \/7 13- \/7 fx)=(x— 3)< > 2 17>(x -3 ;/ﬁ)
5 —%, %;f(x) @2x + D)2x — )2 +2) 67 i —% 2 f(x) = (x — 2)(\6;; —1)(V2x + )22 +1) 69.-59,-03,3
1 1
71.-38,45 73.-435,1,23 75.{-1,2} 71 {5, ~1+V2,-1- \fz} 9. {5’ Vs, —\/5} 81.{-3, -2} 83. {—5}
85. f(0) = —1;f(1) = 10; Zero:0.21 87. f(—5) = —58;f(—4) = 2; Zero: —4.04 89. f(1.4) = —0.17536; f (1.5) = 1.40625; Zero: 1.41
91. Step 1: y = x° Step 4: Step 6: 7S
Step 2: x-intercepts: —3, —1,2; T (3,24)
-intercept: —6 (=2.12, 4.06) -1
Y pt: 59 J2.0)
Step 3: —3, —1, 2: multiplicity 1, crosses (1,007 5>
(-4, 1‘ ) (0.79, —8.21)
[ @ -6) NN

Step 7: Domain and range: (— 00, 00)

Decreasing: [—2.12, 0.79]

93.Step 1: y = x* Step 6: A ITEEE
Step 2: x-intercepts: —2, —1, 1; Winﬁb ,‘2‘ 1‘2‘
. (-1, 0)t 2,12)
y-intercept: 2 2\’ A | 20,2)
Step 3: —2, —1: multiplicity 1, crosses; ( Lt A1, 0)
T T8
1: multiplicity 2, touches g 2 (-1.59, - 1.62) | X.16, 2.08)
=7
Step 7: Domain: (— 00, 00);

Range: [-1.62, o)

AN-25

Step 8: Increasing: (—oco, —2.12],[0.79, o0)

Step 8: Increasing: [—1.59, —0.16], [1, o0)
Decreasing: (—00, —1.59],[-0.16, 1]

95. Step 1: y = 4x5 Step 6: (—0.30,2.23) (ﬁ )
Step 2: x-int. t'—izi2 ; ol muz
ep 2: x-intercepts: 5 5 0% (‘%5’ );0,2\ 2,0)
y-intercept: 2 2 8 i i W"
(-=1,-9 1,-3)
\/ \/ HHHHHH R
Step 3: ————, ——, 2: multiplicity 1, crosses =i S e, —10.09)
Step 7: Domain and range: (—00,00)
Step 8: Increasing: (— o0, —0.30],[1.61, 00)
Decreasing: [—0.30, 1.61]
97. Step 1: y = 6x* Step 6: y (1.}5,3;.12)
. 12 mmm (2 )
. .1z .0
Step 2: x-intercepts: >3 \ l /\ / Ay \‘3‘
y- intercept: —18 1 4 1 @, 08
(_E’0>:: io‘ ‘—‘18)
Step 3: ——, = : multiplicity 1, crosses; (—0.03, —18.0%) 111

23

3: multiplicity 2, touches Step 7: Domain: (— 00,00);

Step 5: (—0.03, —18.04), (1.65,23.12), (3, 0) Range: [ 18.04,00)

Step 8: Increasing: [—0.03, 1.65], [3, ©);
Decreasing: (— o0, —0.03], [1.65, 3]

99. k=5 101. -7 103.1If f(x) = x" — ¢", then f(c) = " — ¢" = 0;s0x — cisafactorof £. 105.5 107.7 in.
109. All the potential rational zeros are integers, so r is either an integer or is not a rational zero (and is, therefore, irrational).

1
113. No; by the Rational Zeros Theorem, 3

117. f(x) =

111. 0.215

is not a potential rational zero. 115. No; by the Rational Zeros Theorem,

116. (-1, 13) —3(x—5)2+ 71 18.(0, —2V3),(0,2V3),(4,0) 119.[—3,2] and [5, o)

4.3 Assess Your Understanding (page 220)

3 is not a potential rational zero.

3.one 4.3—4i 5T 6F T4+i 9. —ijl—i 1L—i—2i 13.—i 15.2—i -3 +i 17 f(x) =x* — 145> + 774> — 200x + 208;a = 1
1
19.f(x)=x" —dx*+ 7% -8+ 6x —4a=1 2L f(x) =x*—6x>+10x2 —6x + 90 =1 23.-2i,4 25.21',—3,5 27.3 +2i,—-2,5
2 1 V31 V3 ( 1 \/5)( 1 \/§>
29.4i, —VILVIL =5 3L1,—— — ~2i 4 ~if) =~ D(x+ -+ ~—i)(x+5 - 27
91,\/7, ,33,2 21,2 2l,f()c) (x )x2 2lx2 21

33.2,3 = 2,3+ 2i;f(x) = (x = 2)(x — 3 + 2i)(x — 3 —2i) 35.—40i,—2i,2if(x) = (x + i)(x — i)(x + 2i)(x — 2i)
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37. —50,5i, =3, 1; f(x) = (x + Si)(x = Si)(x +3)(x — 1) 39. -4, %,2 = 30,2+ 3 f(x) =3(x + 4)<x - %)(x -2+ 3i)(x —2—30)

41,130 43.@a) f(x) = (x> = V2x + 1) (22 + V2x + 1) (b) —?—?@ —% + \2/2 \f \fi, \26 + %i

45. Zeros that are complex numbers must occur in conjugate pairs; or a polynomial with real coefficients of odd degree must have at least one real zero.
47. If the remaining zero were a complex number, its conjugate would also be a zero, creating a polynomial of degree 5.

49. » 50.—22 51.6x> — 13x*> — 13x + 20  52. perpendicular

o1
7

_— g —

Py

- B

S

4.4 Assess Your Understanding (page 229)
5.F 6. horizontal asymptote 7. vertical asymptote 8.proper 9.T 10.F 1.y =0 12.T 13.d 14.a
15. All real numbers except 3; {x|x #* 3} 17. All real numbers except 2 and —4; {x|x #*2,x # —4}

1 1
19. All real numbers except 5 and 3; {x x # X # 3} 21. All real numbers except 2; {x\x # 2} 23. All real numbers

25. All real numbers except —3 and 3; {x|x # —3,x # 3}

27. (a) Domain: {x|x # 2};range: {yly # 1} () (0,0) (©)y=1 (d)x =2 (e)None

29. (a) Domain: {x\x #* 0};range: all real numbers (b) (=1,0), (1,0) (¢c)None (d)x =0 (e)y=2x

31. (a) Domain: {x[x # —2,x # 2};range: {yly =0,y > 1} (b) (0,0) (y=1 (dx=-2,x=2 (e) None

33.(a) ¥4 35.(a) y 37. (a) yi
e "t HH
1] . (=2,2
25N ﬁ:::: =
YL =5 =
A ”01*lljtl\*21) g (-1
ORI FEERIN e SR
e x=-1
(b) Domain: {x|x # 0};range: {y|y # 2} (b) Domain: {x|x # 1};range: {y|y > 0} (b) Domain: {x|x # —1};range: {y|y # 0}
(¢) Vertical asymptote: x = 0; (c) Vertical asymptote: x = 1; (c) Vertical asymptote:x = —1;
horizontal asymptote: y = 2 horizontal asymptote: y = 0 horizontal asymptote: y = 0
39. (a) y 41. (a) ¥y x=3 43. (a) y
Enmn s AR o] | I TRTTT]
55 y=0 i 1 o y=1
(_3‘_1\ Rankd i (‘?\‘*\ TT5
» ZDNN =T, -1y @3 =2, 0\ |/ 3
i @3- o
T y =l H
gy I
x=-2 x=0
(b) Domain: {x|x # —2};range: {y|y < 0} (b) Domain: {x|x # 3};range: {y|y > 1} (b) Domain: {x|x # 0};range: {y|y < 1}
(c) Vertical asymptote: x = —2; (c) Vertical asymptote: x = 3; (c) Vertical asymptote: x = 0;
horizontal asymptote: y = 0 horizontal asymptote: y = 1 horizontal asymptote: y = 1

45. Vertical asymptote: x = —4; horizontal asymptote: y = 3  47. Vertical asymptote: x = 3; oblique asymptote:y = x + 5
2
49. Vertical asymptotes: x = 1, x = —1; horizontal asymptote: y = 0 51. Vertical asymptote: x = 3 horizontal asymptote: y = 3

53. No asymptotes 55. Vertical asymptote: x = 0; no horizontal or oblique asymptote

57. (a) 9.8208 m/sec®  (b) 9.8195 m/sec’> () 9.7936 m/sec> (d)y =0 (e) D

59.(@) R 5 1
6l.(a) R(x) =2+ =5 +2 67.x=5 68.—-30
o x—1 x—1
I 69. x-axis symmetry
5 (b) Yrx=1
e ) 70. (—3,11), (2, —4)
0 510152025 R, y =20z =2
L > X
(b) Horizontal: R,, = 10; as the resistance 0, -3 |

of R, increases without bound, the total
resistance approaches 10 ohms, the
resistance R; .

(¢) Ry = 103.5 ohms

(¢) Vertical asymptote: x = 1;
horizontal asymptote: y = 2

Copyright 2017 Pearson Education




4.5 Assess Your Understanding (page 240)

2.False 3.c 4.True 5.(a) {x|[x #2} ()0 6.a

7. Step 1: Domain: {x|x # 0, x # —4}
Step 2: R is in lowest terms
Step 3: no y-intercept; x-intercept: —1
Step 4: R is in lowest terms;
vertical asymptotes: x = 0, x = —4
Step 5: Horizontal asymptote: y = 0,
intersected at (—1,0)

-4
Step 7: x=0 2
x=—4 ¥4 1, g)
; i :.ﬁ
e
= 5y =0
A 1 2
fos (4
(=1,0)
@+x+DEE—x+1)
13. Step 1: P(x) = ;

x+Dx -1 ’
domain: {x|x # —1,x # 1}
Step 2: P is in lowest terms
Step 3: y-intercept: —1; no x-intercept
Step 4: P is in lowest terms;
vertical asymptotes:x = —1,x = 1
Step 5: No horizontal or oblique asymptote
Step 6:

=0

Y KA

_x
(x+2)(x—2)
domain: {x|x # —2,x # 2}
Step 2: G is in lowest terms
Step 3: y-intercept: 0; x-intercept: 0
Step 4: G is in lowest terms;
vertical asymptotes: x = —2,x = 2
Step 5: Horizontal asymptote: y = 0,
intersected at (0, 0)

19. Step 1: G(x) =

3(x +1)

2(x +2)
domain: {x|x # —2}

Step 2: R is in lowest terms

9. Step 1: R(x) =

3
Step 3: y-intercept: Z; x-intercept: —1

Step 4: R is in lowest terms;
vertical asymptote: x = —2
3
Step 5: Horizontal asymptote: y = >

not intersected

Step [{SRNORHAL FLOAT AUTO) REAL RADIAN HP

1,
]
i

)

/—I\
|w
|
1

\
\
0

(x—DE*+x+1)
(+3)x—-3)
domain: {x|x # —3,x # 3}

Step 2: H is in lowest terms

15. Step 1: H(x) =

1
Step 3: y-intercept: Y x-intercept: 1
Step 4: H is in lowest terms; vertical
asymptotes:x = 3,x = =3
Step 5: Oblique asymptote: y = x,

1
int ted at | —, —
intersected at | 9>

Step 6:

NORMAL FLOAT AUTO REAL RADIAN HP

Step 7: vy 49
1 | P4
0, —| 1] 4|
(’ 9) 1y=x
a,0)
(-4,-9.3 o x
BN < 2, —1.4)
t% 1
1
x=-3 x=3

Copyright 2017 Pearson Education
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3
(x+2)(x —2)
domain: {x|x # —2,x # 2}
Step 2: R is in lowest terms

11. Step 1: R(x) =

. 3 .
Step 3: y-intercept: —gno x-intercept

Step 4: R is in lowest terms;

vertical asymptotes: x = 2, x = —2
Step 5: Horizontal asymptote: y = 0, not
intersected

Step [ NORMAL FLOAT  AUTO"REAL" RADIAN) MP

x2

(x+3)(x—2)
domain: {x # —3,x # 2}

Step 2: R is in lowest terms

Step 3: y-intercept: 0; x-intercept: 0

Step 4: R is in lowest terms; vertical

17. Step 1: R(x) =

asymptotes:x = 2,x = —3
Step 5: Horizontal asymptote: y = 1,
intersected at (6, 1)

Step 7: <33>
1) ] z >

1,—| [ 2 i

A

(0, 0)-=5 s
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3
(x—Dx+2)(x-2)
domain: {x|x # 1,x # —2,x # 2}
Step 2: R is in lowest terms

21. Step 1: R(x) =

. 3 .
Step 3: y-intercept: 7m0 x-intercept
Step 4: R is in lowest terms; vertical
asymptotes:x = —2,x = 1,x =2
Step 5: Horizontal asymptote: y = 0,
not intersected

x+1Dx-1)
&+ +2)(x—2)
domain: {x|x # —2,x # 2}
Step 2: H is in lowest terms

23. Step 1: H(x) =

1
Step 3: y-intercept: % x-intercepts: —1, 1

Step 4: H is in lowest terms;
vertical asymptotes:x = =2, x =2
Step 5: Horizontal asymptote: y = 0,
intersected at (—1, 0) and (1, 0)

Step 7: (0 1)
PRAET
e
(=3,0.2) J1 N3, 0.12)
] i)
=i il =0
(-1,0) N3y
(-1, —0.11) a,0)
i (1.5, ~0.11)
x==-2 x=2

x+4H(x-3)
x+2 :
domain: {x|x # —2}
Step 2: F'is in lowest terms
Step 3: y-intercept: —6; x-intercepts: —4, 3
Step 4: Fis in lowest terms;
vertical asymptote: x = —2
Step 5: Oblique asymptote:y = x — 1,
not intersected

29. Step 1: F(x) =

Step 7:

4 4
N
=
e+ Dx—4)
25. Step 1: F(x) = 12 ;

domain: {x|x # —2}
Step 2: F'is in lowest terms
Step 3: y-intercept: —2; x-intercepts: —1, 4
Step 4: Fis in lowest terms;
vertical asymptote: x = —2
Step 5: Oblique asymptote:y = x — 5,
not intersected

: 7
-20
Step 7: y
e y=a-s
5 4,0 Y =¥~
( 1‘5‘,‘5‘.5‘) 49 (5, 0.86)
—LOBZ 0 x
©-2»
(=3,-14)
[ TTTT]

. Step 1: Domain: {x|x # —3}
Step 2: R is in lowest terms
Step 3: y-intercept: 0; x-intercepts: 0, 1
Step 4: Vertical asymptote: x = —3
Step 5: Horizontal asymptote: y = 1,
not intersected

—0.01
Step T: See enlarged
¥4 view at right. y
W/ e
aas S
ey =1 10,0
(\’\0\): (1,0) * | 2
| T |
T NN 1
[T T
x=-3

Enlarged view

Copyright 2017 Pearson Education

Step 7: x=-2y
S S
<_3’ _%> Wﬁ_»)(t: ) 024)
H 2077
xZ1x=2
27. Step 1: R(x) = W;

domain: {x|x # 4}
Step 2: R is in lowest terms
Step 3: y-intercept: 3; x-intercepts: —4, 3
Step 4: R is in lowest terms;

vertical asymptote: x = 4
Step 5: Oblique asymptote:y = x + 5,
not intersected

5 10
-4
Step 7: y
7#7 Syly=x+5
aRREsRecEd
(-4, O‘ﬁ()f 3,0)
AT
“ I e6s -1
(_5’_§> x=\4\ (i
9
x+4)(x -3
33.Step 1: R(x) = ( X ).

(x +2)(x = 3)
domain: {x|x # —2,x # 3}
x+ 4
x+2
Step 3: y-intercept: 2; x-intercept: —4

Step 2: In lowest terms, R(x) =

Step 4: Vertical asymptote: x = —2;
7
hole at | 3, =
ole a 5

Step 5: Horizontal asymptote: y = 1,
not intersected
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(Bx + 1)(2x —3)
(x—=2)2x - 3)’

x#%,x#Z}

35. Step 1: R(x) =

domain: {x

3x + 1
Step 2: In lowest terms, R(x) = ;_ 5

. 1 1 \ Sa
Step 3: y-intercept: 5 x-intercept: 3 AL, 479)

y
Step 4: Vertical asymptote: x = 2; ¢ iy (—% ,0 ) \ 3 4
> (3
hole at | —, —11 = 1
2 0, By
Step 5: Horizontal asymptote: y = 3,
not intersected

(x+3)(x+2).
x+3 ’

domain: {x|x # —3} }/
Step 2: In lowest terms, R(x) = x + 2 l
-4

37. Step 1: R(x) =

Step T YA
5|

®

Step 3: y-intercept: 2; x-intercept:—2

Step 4: Vertical asymptote: none;
hole at (=3, —1)

Step 5: No horizontal or oblique
asymptote

=3(x—2) .
39.1.H(x) = m, domain: {x|x # —2, x # 2} 2.Inlowest terms, H(x) =

3
3. y-intercept: ——; no x-intercept
x+2 Y L) P

3
4. Vertical asymptote: x = —2; hole at (2, _Z) 5. Horizontal asymptote: y = 0; not intersected

6. 7. ey
[ s
e
1y
= (===
7 SnaEk
3
o

(x=1)(x-4) . x—4 . .
41.1. F(x) = W; domain: {x|x # 1} 2.Inlowest terms, F(x) = 1 3. y-intercept: 4; x-intercept: 4
. —
4. Vertical asymptote: x = 1 5. Horizontal asymptote: y = 1; not intersected
6. 7. - vpr=1_
S, ‘4)% - (5, %)
y= 152 A
6 6 5T x
@0
s -
-6
43.1.G(x) = ﬁ; domain: {x|x # —2} 2.Gisinlowest terms 3.y-intercept: 0; x-intercept: 0 4. Vertical asymptote: x = —2
x
5. Horizontal asymptote: y = 0; intersected at (0, 0)
6. T x=-2 )y
aL1(,
HD)
Y= 3
=3, -y
[EEEE YN )
S
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2 2 4
45.Step 1: f(x) = %; domain: {x|x # 0} 47.Step 1: f (x) = x3: L o+ 1)(xx r 1); 49. Step 1: f(x) = xx%l; domain: {x|x # 0}
Step 2: fis in lowest terms domain: {x|x # 0} Step 2: fis in lowest terms
Step 3: no y-intercept; no x-intercepts Step 2: fis in lowest terms Step 3: no y-intercept; no x-intercepts
Step 4: fis in lowest terms; Step 3: no y-intercept; x-intercept:— 1 Step 4: fis in lowest terms;
vertical asymptote: x = 0 Step 4: fis in lowest terms; vertical asymptote: x = 0
Step 5: Oblique asymptote: y = x, vertical asymptote: x = 0 Step 5: Oblique asymptote: y = x,
not intersected Step 5: No horizontal or oblique asymptote not intersected

Step 6: Step 6:

Step 7: x=0 Step 7: Step 7: i y=x
b
BG4 b/
Ha,2d0 A =« bA%))
|l 0 T8y
5 x EEE | HH-HF
reCL-2) <_l N\ AL -2
H}H 2 4/\\\\\x=0 x=\0H\H
, , 4
2 (x—l)(x—3)x+€
51. One possibility: R(x) = 53. One possibility: R (x) =
p y: R(x) e p y: R(x) G+ 1) (x—2)
55. P(x) 57. (a) t-axis; C (1) =0

1

(©)

I
|

0 102030405060 x

The likelihood of your ball being chosen 0 12
. 0
decreases very quickly and approaches 0 as (¢) 0.71 h after injection 0 300
the number of attendees, x, increases. (d) Approximately 177 ft by 56.6 ft
(longer side parallel to river)
40,000 4000
61. (a) S(x) = 2x* + e 63.(a) C(r) = 1272 + -
(b) (b)

0 60 0 10

(c) 2784.95 in.? The cost is smallest when r = 3.76 cm.
(d) 21.54 in. X 21.54 in. X 21.54 in.
(e) To minimize the cost of materials needed

for construction

65. No. Each function is a quotient of polynomials, but it is not written in lowest terms. Each function is undefined for x = 1; each graph has a hole at
x = 1. 71 If there is a common factor between the numerator and the denominator, and the factor yields a real zero, then the graph will have a hole.

1
72.(2,-5) T.y=|x|-4 74.77 75.5(3) =6

4.6 Assess Your Understanding (page 248)

3.c 4F 5. (@ {x[0<x<Tlorx>2}(0,1)U (2,00) (b){x|]x=00rl=x=2}(-00,0]U][1,2]

7.(a) {x|-1<x<O0orx>1} (-1,0) U (1,0) (b) {x|x<—-lor0=x<1}(—o00,—1)U[0,1)

9. {x]x <0or0 <x<3}(—00,0) U (0,3) 1L {x]x =1} (—0c0,1] 13.{x|]x = —2o0rx =2} (—00,—-2] U [2,0)

15. {x]| -4 <x < —lorx >0} (—4,-1) U (0,00) 17 {x|-2<x= -1} (-2,-1] 19. {x|x < —=2}; (—00,—2) 2L {x|x > 4}; (4,0)

23. {x|-4<x<O0orx >0} (—4,0) U (0,00) 25 {x[x =lor2=x=3}(-00,1]U[2,3] 27 {x|-1<x<Oorx >3} (—1,0) U (3,00)
29. {x|]x < —lorx > 1} (=00, —1) U (1,00) 3L {x|x < —lorx > 1} (—0co,—1) U (1,00) 33.{x|x < —lorx> 1} (—o0,—1) U (1,0)
35 {xlx=—-lor0<x =1} (—o0o,—1]U (0,1] 37 {x|]x < —lorx> 1} (—00,—1) U (1,00) 39, {x|x <2} (—00,2)

4l {x|-2<x=9}(-2,9] 43.{x|]x<2o0r3<x<5}(—00,2)U(3,5)
Copyright 2017 Pearson Education
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45. {x|x < —=5or—4=x=—-3orx=0orx > 1} (—00,—5) U [-4,-3] U {0} U (1,0)

47. {x
51. {x
57 {x

1 1
—3 <x< 10rx>3};<—5,1> U (3,00) 49.{x|-1<x<3or x>5};(—-1,3) U (5 x)

1 1
xS—40rx25};(—00,—4]U{5,00> 53. {x|x <3orx=7}; (—00,3) U[7,00) 55 {x|]x <2};(—00,2)

x < —gorO <x<§};(—00, —%) u (0,§) 59. {x|x = =3 0r0 = x =3}; (—o00,—3] U [0,3]

2 2
_ _1 63. (a) y T 65. (a) Yry=x+3
61. (a) —4, 2,3 (}j;H\ﬂ}J ;w,z)(m 2) m W( §>
(®) f(x) = (x + 4)2(2x + D(x — 3) y=1 ek 4 =40 éy%*s
(©) (—1.87,6y0.54) (0 3\ M’F\?x vd (‘—‘1‘,‘0‘):’:
- WPl EEEEE HH
A e v=2 =2
—4,0 x
ANy ®) (—00,~6] U [1,2) U (2, o) (®) [-4.2) U[~1.3) U (3, )
<_7’0>A‘(/u1 18 \/

AN-31

P TN (174, —185.98) 67. {x|x > 4}; (4, 00)
1 69. {x|x = —2o0orx =2}; (—o00, —2] U [2,0)
@ _5’3 71 {x|x < —dorx =2}; (—o00, —4) U [2,0)
73. yafe@ =t —1 75. vy g =3¢ 77. Produce at least 250 bicycles
i i t 2.5) M i H32 1 79. (a) The stretch is less than 39 ft.
(_‘] oVHVa )‘ \ ] / (b) The ledge should be at least 84 ft above the ground for a 150-1b jumper.
2I5x (=2, 12X 12,12) 81. At least 50 students must attend. 86. (0, —4), (0,4), (9,0)
EEER S 5l 87.x2 —x—4 88.(—00,00) 89.(0,4),(1.33,2.81)
[T
g) =-2x*+2 fo=x'-4

fx) =gx)if-1=x=1 flx) =gx)if-2=x=2

Review Exercises (page 252)

1. Polynomial of degree 5 2. Rational 3. Neither 4. Polynomial of degree 0
5. y 6. y 7 Yy
[T 1T TTTT 1
HH 15 SERI L )Eass £
C=2,0 JO ©,-1) T \ |
m % [e -1 12)/) ]
Y 0NLTAey
EEE I O I W )
Ty IHENEENEEEE 4|

8.Stepl:y = x°
Step 2: x-intercepts: —4, —2, 0; y-intercept: 0

9.Stepl:y = x°
Step 2: x-intercepts: —4, 2; y-intercept: 16
Step 3: —4: multiplicity 1; crosses;
2: multiplicity 2; touches

10. Step 1: y = —2x°

Step 3: —4, —2, 0: multiplicity 1; crosses
Step 4:

Step 3: 0: multiplicity 2; touches;
2: multiplicity 1; crosses

Step 5: (—3.15, 3.08), (—0.85, —3.08)

Step 6: y Step 5: (—2,32), (2,0) Step 5: (0,0), (1.33,2.37)
(=2,0) 7191, 15) Step 6: Step 6:
_ S 0,16

( 3.‘1‘5,‘3‘.?8)& f(o,o) 3 ‘3‘2‘}7 { : ‘)‘ e e
(=4,0)/ 27x cz32 H N ka2

(5,215 (7085308 e CLOALLG 0
HH t (—}4},?)“::(2,0),," o\ e
(=5, -49)4 S 4G, -19)

Oy T 1111

Step 7: Domain: (— 00, o0); Range: (— 00, 00)
Step 8: Increasing on (— 00, —3.15] and
[-0.85, 00)
Decreasing on [—3.15, —0.85]

Step 7: Domain: (— 00, 00); Range: (— 00, 00)
Step 8: Increasing on (— 00, —2] and [2, o)
Decreasing on [—2, 2]

Step 8: Increasing on [0, 1.33]
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Step 2: x-intercepts: 0, 2; y-intercept: 0

Step 7: Domain: (— 00, 00); Range: (— 00, 00)

Decreasing on (— o0, 0] and [1.33, 00)
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11. Step 1: y = x* ; Step 6 y
Step 2: x-intercepts: —3, — 1, 1; 7 (-4, 7:5‘ 80
. . I i
y-intercept: 3 i ‘ !
Step 3: —3,—1: multiplicity 1; crosses; (=3,0) 2,15
1: multiplicity 2; touches 4 T 4 (-228, ~991)] J(LOF ¥
-2 1,01%3
(—0.22,3.23)

Step 5: (—2.28,—9.91), (—0.22, 3.23),(1,0) Step 7: Domain: (— 00, 00); Range: [~9.91, 00)
Step 8: Increasing on [—2.28, —0.22] and [1, 00)
Decreasing on (— o0, —2.28] and [—0.22, 1]

12. R = 10; gis not a factor of . 13. R = 0; g is a factor of f. 14. f(4) = 47,105 15. 4,2, or 0 positive;2 or 0 negative 16. 1 positive; 2 or 0 negative

1,3 1 .1 1 1 1)?

L £1, £3, £ £ £ £ o . — ; =(x+ - - .~ iplicity 2; —2; = - = +

17. £1, £3, yiIyErEpIs st 18. -2, 1,4 f(x) = (x +2)(x —1)(x —4) 19 2,multlphclty 2; =2, f(x) 4<x 2) (x+2)
1

20. 2, multiplicity 2; f(x) = (x — 2)>(x* + 5) 21.{-3,2} 22. {—3, -1, > 1}

23.—2and 3 24. —5and 5 25.£(0)=—1;f(1) =1 26.f(0)=—-1:f(1) =1 27152 28.0.93
29.4 — i f(x) = x> — 142 + 65x — 102 30. —i, 1 — i; f(x) = x* — 23 + 3x2 —2x + 2
3. -2, 1,4 f(x) = (x +2)(x — 1)(x — 4)

2
32. -2, % (multiplicity 2); f (x) = 4(x + 2)<x - %)

2 2 2 2
33.2 (multiplicity 2), — V/5i, V/5i; f(x) = (x + V5i)(x — V53i)(x — 2)> 34.-3,2, —%i, =i f () = 20 + 3)(x = 2)<x + %i)<x - %1)
35. Domain: {x|x # —3,x # 3}:horizontal asymptote: y = 0; vertical asymptotes: x = —3,x = 3
36. Domain: {x|x # —2}; horizontal asymptote: y = 1; vertical asymptote: x = —2
2(x — 3) ) (x+3)(x—2)
37. Step 1: R(x) = — 38. Step 1: Domain: {x|x # 0,x # 2} 39. Step 1: R(x) = m;
domain: {x|x # 0} Step 2: His in lowest terms domain: {x|x # —2,x # 3}

Step 3: no y-intercept; x-intercept: —2
Step 4: H is in lowest terms;
vertical asymptote: x = 0,x = 2
Step 5: Horizontal asymptote: y = 0;
intersected at (—2, 0)

Step 2: R is in lowest terms
Step 3: y-intercept: 1; x-intercepts: —3, 2
Step 4: R is in lowest terms;
vertical asymptotes:x = —2,x = 3
Step 5: Horizontal asymptote: y = 1;
intersected at (0, 1)

Step 2: R is in lowest terms
Step 3: no y-intercept; x-intercept: 3
Step 4: R is in lowest terms;
vertical asymptote: x = 0
Step 5: Horizontal asymptote: y = 2;
not intersected

Step 7: y
L LI
2ot
— Aoly=2
—ﬁ (3,0
e, -4
I | INEEE
1T | ANEEE|
x=0
¥
. - . CRRNORMAL FLOAT AUTO REAL RADIAN MP .
40. Step 1: F(x) TEDTED) Step 6: . Step 7: . =y_2 (3’ 2§7>
domain:{x|x # —2,x # 2} k] \_/ H ‘1‘ : t 57 hlatd
Step 2: Fis in lowest terms 6 6 <_1’ 34 di_:”
Step 3: y-intercept: 0; x-intercept: 0 l \ 0,0 TR |10 lx
Step 4: F'is in lowest terms; vertical /_\ — ‘ Y (1, —;)
asymptotes: x = —2,x = 2 (_3 _2_7) x=2
]

Step 5: Oblique asymptote: y = x;
intersected at (0, 0)
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41. Step 1: Domain: {x|x # 1} Step 6: Step 7: L S—
Step 2: R is in lowest terms it ‘ ‘\:ﬂ* : {z:, ‘3‘2)
Step 3: y-intercept: 0; x-intercept: 0 ( 5 32) (11
Step 4: R is in lowest terms; ST \\\2\’\2\

vertical asymptote: x = 1 L 4 ':t(‘,‘o‘) i i Wx
Step 5: No oblique or horizontal asymptote = =1
X+ -2 Step 6: Step 7
42, Step 1: G(x) = %; L 0 . ® (—3 lly S, i)
(x )(x ) ‘ "\2‘/, (0,2)L\" 3
domain: {x|x # —1,x # 2} —_ = —y=1
c+2 t-4 8 2,0 5x
Step 2: In lowest terms, G(x) = T 1 \ l (_ % ’ _1> 4: i (3, %)
Step 3: y-intercept: 2; x-intercept: —2 =0 x=-1
Step 4: Vertical asymptote: x = —1;
4
hole at { 2, —
ole a ( , 3)
Step 5: Horizontal asymptote: y = 1,
not intersected

$.@ {-3.2) B (-3.2)U (@2 0) () (-0, -3]U{2} @ f(x) = (x—2P%(x+3)

XHar+3

“4.@y=025 b)x=-2x=2 ((-3,-2)U(-1,2) @ (-0, -3]U(-2,-1]U(2,0) (e)R(x) = e
45. {x|x < —20or =1 <x <2};(-00,-2) U(-1,2) 46.{x|-4=x=—-lorx=1};[-4,-1]U[1,0)

- 16

L AY L | L -
Y U ul |= »

} t
-2-1 2 -4 -1 1

47, {x|x <lorx>2};(—o0, 1)U (2,00) 48.{x|l =x=2o0rx>3};[1,2]U(3,0)

L J L L.
<€ v Ay > n T Ay
1 2 1 2 3
49. {x|x < =4 or 2<x <4 or x>6};(—00,—4)U (2,4) U (6, 0)
——
-4 2 46

50. (a) A(r) =2mr* + 300
’

(b) 223.22 cm? a
(c) 25708 cm?> °
@ o . . m S

CALC MINIMUM
1000 Y1=21wK24500/X

The relation appears to be cubic.
(b) P(t) = 4.4926¢> — 45.52941% + 136.1209¢ + 115.4667; ~$928,000

GO Hinimum
X=3.4139188  Y=219.68878

A is smallest when r = 3.41 cm.

52. (a) Even (b) Positive (c) Even (d) The graph touches the x-axis at x = 0, but does not cross it there. (e) 8

Chapter Test (page 254)

1 3 .5 1 1
1. » 2.(a)3 (b) Il: t— 41, £+ £3,+5 £— +15 (¢) =5, -5, 3;8(x) = (x + 5)(2x + 1)(x — 3)
7l K q 2 2772 2 2
| | l 1
i‘ 'll'“1 N (d) y-intercept: —15; x-intercepts: —5, - 3 (e) Crosses at —5, - 3 Hy= 2x3
1
TTgT
G=2) * (g) (—3.15,60.30), (1.48, —39.00)  (h)
(PR (—1,0)
(-2,45 ¥y \ 2
(—3.15, 60.30)] 4
[ |
of f
(-5,0) (3,0)
| raxily
i / (148, —39.00)
(0, —-15)
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5-Ve6l 5+ Vel
3.4,-5i,5 4. {1,?, T\F} 5. Domain: {x\x # —10,x # 4};asymptotes:x = —10,y = 2
6. Domain: {x|x # —1};asymptotes: x = —1,y = x + 1
7. ypoy=x+1 8. Answers may vary. One possibility is f (x) = x* — 4x> — 2x? + 20x.
[ A
T o R (e )
(=3,0)/ (1.0 . . Answers may vary. One possibility is r(x) = =) —9)
1Y
l}“}’ m) 10. £ (0) = &; f(4) = —36; Since f(0) = 8 > 0and f(4) = —36 < 0, the Intermediate Value Theorem guarantees
x=-1 that there is at least one real zero between 0 and 4. 11 {x|x < 3 orx > 8};(—00,3) U (8, o)

Cumulative Review (page 254)

1.V26 2. {x|x=0o0orx=1};(—0,0]or[1,00) 3.{x|-1<x<4};(~1,4) 4f(x)=-3x+1 Sy=2c—1 6. y
| L L Y T [TTT
T i 1 4 memns Figes a8 e
(-1,4 3,5) Hia, 1
\ -1, - JZ%'}
e s Gl
3 3 \ Tt I
7. Not a functions; 3 has two images. 8.{0,2,4} 9. {x x = 5} {5’ 00)
t f—ft >+
0 1 2 3
10. : (=2, 1); radius: . . - - 2 17
0. Center: (=2, 1); radius: 3 11. x-intercepts:—3, 0, 3; y-intercept: 0; symmetric with respect to the origin 12.y = - + 3
Y4
F(‘—‘ »4) 7J5Lﬂ 13. Not a function; it fails the Vertical Line Test. 14.(a)22 (b) x> —5x —2 (¢) —x*> — 5x + 2
s nf a1 @@ 9*+15x—2 (e)2x+h+5 15.(a) {x|x # 1} (b) No;(2.7)is on the graph. (c) 4;(3,4) is on the graph.
-2,1 x 7 (7 . .
( (‘_"2, A aae (d) Z; (Z, 9) is on the graph. (e) Rational
o
16. ¥4 17. y 18.6;y = 6x — 1 19. (a) x-intercepts: —5, —1, 5; y-intercept: =3  (b) No symmetry
.7 i i i i i \ ,H (¢) Neither (d) Increasing: (— o0, —3] and [2, 00); decreasing: [—3, 2]
\ ‘/‘7‘ : ‘: o (1 +V%,0> (e) Local maximum value is 5 and occurs at x = —3.
\ [\3’0>:: i 3% (f) Local minimum value is —6 and occurs at x = 2. 20. Odd
e (R EmiE
\ ENEE 27 T
x=1
21. (a) Domain: {x|x > —3} or (=3, ) 22. Y 23.(a) (f+ g)(x) = x> — 9x — 6; domain: all real numbers
1 T
b) x-int t: ——; y-int t: 1 =L 5l 2—5x+1 7
(b) x-intercep 5sy-intercep (i ili f o) (£>(x) _x Y1 fomain: {x v _7}
© y (2,2)$13(0:2) g —4x -7 4
T i 1
(—7,0):7{{]1’ 11)1: HHE 24. (a) R(x) = —Exz +150x  (b) $14,000 (c) 750; $56,250 (d) $75
i i i x
/e
=3, =54 A
(d) Range: {y|y < 5} or (— 0, 5)

CHAPTER 5 Exponential and Logarithmic Functions

5.1 Assess Your Understanding (page 263)
4. composite function; f(g(x)) 5.F 6.c 7.a 8F 9.(a—-1 () -1 (¢)8 @O0 ()8 (H -7 1l.(a)4 (b)5 (¢)—-1 (d) -2

13.(2) 98 (b)49 ()4 (@4 15.(a)97 (b) —12ﬁ ©1 @ —% 17.(@)2V2 2V2 (©1 @0 19. (a)ll—7 (b)% ©1 (d)%

21. (a) (b) 1 (c)g (@0 23. (a) (feg)(x) = 6x + 3;all real numbers (b) (geof) (x) = 6x + 9; all real numbers

3
Va+1
(©) (fof) (x) =4x + 9;all real numbers  (d) (g°g) (x) = 9x; all real numbers 25. (a) (fog) (x) = 3x> + 1; all real numbers
(b) (g°f) (x) = 9x* + 6x + 1;all real numbers (c) (fof) (x) = 9x + 4; all real numbers (d) (g°g) (x) = x* all real numbers
27. () (fog) (x) = x* + 8x* + 16; all real numbers (b) (g°f) (x) = x* + 4; all real numbers (c) (fof) (x) = x* all real numbers
2(x —1)

3x

) (gog) (x) = x* + 8x? + 20; all real numbers 29. (a) (fog) (x) = PR {x|x # 0,x #2} (b) (gof)(x) = 3 s {x|x # 1}
3(x—1
© () (1) =25 Difele # Lx £ 4) @ (g08) () = e %0} 3L @) (o) (1) = 4o ol =~ # 0}
_ —4(x—1)

b) (g°f) (x) = s{xlx # 0,x # 1} (o) (fof) (x) = x;{x[x # 1} (@) (g°8) (x) = x; {x[x # 0}
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B (og) () = Va3 {adv= 2} @) (o0 () =2VE 3 0lv=0) @ (N

(d) (gog) (x) = 4x + 9; all real numbers 35. (a)

AN-35

ANSWERS Section 5.2

= Vx; {x|x = 0}

= |x|; all real numbers

(fog) (x) =xi{x[x =1} (b) (g°f) (x)

(© (fof) (x) = x* + 222 + 2; all real numbers  (d) ( “VVi-1-1L{ax=2) 3@ (fog)(x) = “2’261117 { x|x # 3x # ;}

) (5°1) (1) = ~2 2 o # —ix £ 1) @ (2N () = 222 (el # L #2) @ (00 () =~ e Sox 2 3
. (790 () = (80 = 1(3¢) =2(3) = (g1 () = 8 1(0) = 8020 =3 (2 = x

4L (fog) (x) = f(8(x)) = f(Vx) = (Vx)* = x: (g°0) (x) = g(f(x)) =g(x) = V' = x

B.(7g) () = 80D =1 (3 (1 +6) ) =2 3 (4 6) | =6 =2+ 66— x5 (g2 (1) = 1)) = g(2x —6) = 3 (2x—6.+6) =1 (20) = x
5. (79000 = (80 = 1(L =0 ) = Lm0y [+ p = (gon (00 = 8000 = gtar +5) = Lar s b 1) -

47. f(x) = x4;g(x)
5L f(x) = |xl:sg(x) =

)

59. S (1) 61. C(1)

= ?77[6
67. (a) f(x) = 0.9428x (b) g(x)

73. fis an odd function, so f(—x)
even. Also, (g /) (~x) = g(f(
74. (f + g) (x) = 4x + 3; Domain: all real numbers

(f — g) (x) = 2x + 13; Domain: all real numbers
(f+g) (x) = 3x* — 7x — 40; Domain: all real numbers

+
(g)(x) x+8 ; Domain: {x|x # 5}
75.—-5,-3,3

5.2 Assess Your Understanding (page 274)

5.f(x1) # f(x;) 6.one-to-one 7.3 8.y=x 9.[4,00)

17. not one-to-one  19. one-to-one 21. one-to-one

27. Annual

Rainfall

(inches) Location
49.7 Atlanta, Georgia
43.8 Boston, Massachusetts

4.2 Las Vegas, Nevada

61.9 Miami, Florida
12.8 Los Angeles, California

Domain: {49.7,43.8,4.2,61.9, 12.8}

2x + 3 (Other answers are possible.) 49. f(x
2x + 1 (Other answers are possible.) 53. (fo )(x) =11; (gof) (x) =2 55.-3,3 57.(a) (feg)(x) =acx +ad +b
(b) (gof)(x) = acx + bc +d (c) The domains of both fo g and g ° f are all real numbers.

= 15,000 + 800,000 — 40,000¢>

=126457x () g(f(x)) = g(0.9428x) = 119.2236596x (d) 119,223.6596 yen 69. (a) f(p) = p
() g(p) =08p (¢) (fog)(p) = 0.8p —200; (g°
(x). gisan even function,so g(—x) = g(x).Then (fog) (—x)
%)) = g(~f(x

=V g(x) = x* + 1 (Other answers are possible.)

(d) fog = gofwhenad + b =bc+d

2V100 — p

S5 6000 =p =100 65.V(r) =2mr"

63.C(p) =

- 200
f) (p) = 0.8p — 160; The 20% discount followed by the $200 rebate is the better deal. 71.15

f(g(=x)) =f(g(x)) = (fog) (x).Sofogis

)) =8(f(x)) = (g°f) (x),s0g°fiseven.

77. Domain: {x|x # 3}
Vertical asymptote: x =

3
Oblique asymptote:y = x + 9

Local minimum: —5.08 at x = —1.15
Local maximum: 1.08 at x = 1.15
Decreasing: [ -3, —1.15]; [1.15,3]
Increasing: [ —1.15,1.15]

10.T 11.a 12.d 13.one-to-one 15. not one-to-one

23. not one-to-one 25. one-to-one

29. Monthly Cost of
Life Insurance

$10.59
$12.52
$15.94

Age
30
40
45

Domain: {$10.59, $12.52, $15.94}
Range: {30, 40, 45}

Range: { Atlanta, Boston, Las Vegas, Miami, Los Angeles}

3L{(5,-3), (9, -2), (2, —1), (11,0), (=5.1)} 33.{(1,-2), (2,-3), (0, ~10), (9.1), (4.2)}
Domain: {5,9, 2,11, =5} Domain: {1,2,0,9, 4}
Range: {—3,-2,-1,0,1} Range: {—2, -3, -10,1,2}
35. f(g(x)) =f<%(x—4)) =3[%(x—4)} +4=(x—4)+d=x 37 f(g(x)) =f<§+2>=4{§+2} —8=(x+8) —8=ux
§(f(x)) = g(3x+4) = 3 [(3r+4) —4] =5 (3x) =x S(() =gar—8) =S40 = (x-2) +2x
9. f(g(x)) =f(Vx+8) = (Vx+8 )3‘8= 8) —8=x 41.f<g<x>>:f<§>:1*:xx¢0 g(f(x)wg(;):l*:" X0
NS i (4) (3)
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4x -3 2(42)6_3)+3
— - X
43.f(g(x))=f(2x_x)= pi— 45, vy y=x 47. " 49. o =2
EE e oty
- X f—l
2(4x —3) +3(2—x) 5% e 25 % e S 5E
= =—= T i
“3+4(2- : (-2.-2 @.0) e Gastiymss
4x —3 +4(2 —x) 5 2 EINGD muful “1‘7
4(2x + 3) 5 0,1
2x + 3 x+4
§(f(x) =8\~ 57 )~ 13
2_7
x+ 4

4(2x +3) = 3(x+4) 5%
= =—_—=x,x# —4
2(x +4) — (2x +3) S

51.(a) f'(x) = %x
77 = 1(5e) = 3(5) =

PR = £ (3x) = 3 (3x) =

(b) Domain of f = Range of f~! = All real numbers;
Range of f = Domain of f~! = All real numbers

(c) Yy y=x
f(x; RENZdy aZas (b) Domain of f = Range of f~! = All real numbers;
m = 5 Range of f = Domain of f~! = All real numbers
fw=1x (c) yp y=x
4 EEEEEE HH5
Ay
f@)=4x+2f 4
— a5 x
% “ly=2%_1
i N I
55.(a) f1(x) = Vx+1 57.(a) f'(x) = Vx—4,x=4

fF(x) =f(Va—4) = (Vx—4)? +4=x

FUf@) = (@ +4) =V (P +4) — 4=Vl =xx=0
(b) Domain of f = Range of ! = {x|x = 0};

Range of f = Domain of f~! = {x|x = 4}

fUTH) = f(Va+1)
= (Va+1)y-1=x

) =1 - 1)
=V (x-1)+1=x

(b) Domain of f = Range of ! = All real numbers; © fx)=x*+4,

Range of f = Domain of f~! = All real numbers . Jym‘ xzc:m}:x
(c) o ¥ 117
A J;ﬁy 5 ‘f"“(">="x—4
@ =\3/x+71” i ann
— ‘N‘r\ x
e =x -1
AN NN NN)
59.(a) 1 (x) = 61. (a) £ (x) =2xxi+l
- _ (4 _i: = _ (2x+1): 1 _ X _
f(f (x))—f(x)— ok ) =A% Al (xAl) -
) :
) = () = A= Ly ) ey
X 4 -1 _ _ X _ )
() i) = () - = =
x—2

(b) Domain of f = Range of ' = {x|x # 0};

b) Domain of f = R ffl= # 2}
Range of f = Domain of ' = {x|x # 0} (b) Domain of f ange of f x| }

Range of f = Domain of ™' = {x|x # 0}

(0 g y=x © oo
77 Ypx=2
fo=ftw=14 Sl = LA e
5 v S —y=2

v 3 xy_o
\ \

% _ 1

J&=3=
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2—3x)_ 2 _ 2x _27x
2—-3x 3x+2-3x 2
X

3+

f_l< 2> 2_3(3-2”) 23 +x) —3-2 2

(f(x) = Fy 2 = ) =5 =
3+x
(b) Domain of f = Range of ' = {x|x # —3}; Range of f = Domain of f' = {x|x # 0}
65 7 (x) =
3( —2x>
_ B -2x\ \x-=3/ 3(—2x) _ —bx _
f(fl(x))_f(x—3)_—2x T x+2(x-3) -6
i
x—=3
3x
_2<x + 2) _ —2(3x) _ —6x

o) _af 3 ) _
o) =r(35) ==
x+2
(b) Domain of f = Range of f1 = {x|x # —2}; Range of f = Domain of f ! = {x|x # 3}

S 3x-3(x+2) -6

_ _ X
6@ /7 (x) =
)
_ -~ X _ 3x =2 -~ 2x _2x
f(fl(x))_f(mc—z)_ P Tx-(x-2) 2 °
3(3x—2>_1
2x
_ o 2x -~ 3x—1 - 2x _ 2
fl(f(x>>ff1(3x_1), ( 3 ) TR
-1/
(b)Domainoff:Rangeoff’lz{xx#%};Rangeoff:Domainoff’l:{xx#%}
4 _3x+4
69.(a) f (X)_Zx—3
3(3x+4>
- _ x+4) 3(3x +4) +4(2x — 3) _17x
f ) =1 ( 2(3x+4> 23x+4) —3(2x-3) 17
(3x+4)
_ 3+ 4 2x =3 3(3x +4) +4(2x-3)  17x _
fl(f(x))_fl(zx—3) 3x + 4 23x+4) —3(2x-3) 17
(x—3)
(b) Domain of f = Range of f! { }Range 0ff=Domainoff’1={xx¢%}
T () =
2(—2x+3)+3
_ —2x+3)\ x—2 2( 2x+3)+3(x—2) —x
f(fl())_f(x—z)_ 2 ¥3 —x+3+2(x-2) -1
x—2
_ (2x+3)+3
5 o 2x+3)_ x+2 _ 22 +3) +3(x+2)  —x
FUe)) =1 <x+2 T3 T w3-2(+2) 1
x+2

(b) Domain of f = Range of f~! = {x|x # —2}; Range of f = Domain of f~' = {x|x # 2}
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2
73. Ty = ———
=
4
=y
- _ 2 _1-2x _ 440 -2) 8x
1—-2x

24

2>= 2 _2 e
2 [ (74 4
2x2 x?

(b) Domain of f = Range of f! = {x|x > 0}; Range of f = Domain of f ! = {x

= x,since x > 0

<l}
)

75.(a)0 ()2 (¢)0 (d)1 77.7 79.Domain of f1: [—2, 00);range of f1: [5,00) 81. Domain of g !: [0, 00); range of g\: (—00,0]

FU)) = f‘l("

1
83. Increasing on the interval [f(0),f(5)] 85.f !(x) = - (x —b),m # 0 87. Quadrant I

89. Possible answer: f(x) = |x|,x = 0, is one-to-one; f ! (x) = x,x =0
d+9039

91.(a) r(d) = 697 93. (a) 776 kg
) W — 50 W + 88
6.97r — 90.39 + 90.39  6.97r (b) h(W) = + 60 =
d = = =
o o7 07 2?0 23(h 6%? 88
+ 2. - + 2.3h
d + 90.39 = =7 -
d(r(d)) = 6.97(W> —90.39 =d + 9039 —90.39 = d © h(W(h)) 23 23 h
(¢) 56 miles per hour W(h(W)) =50 + 2.3<W 88 60)
=50+ W+8 —138=W
(d) 73 inches
95. (a) {g| 37,450 = g = 90,750} 97. (a) t represents time, so ¢ = 0.
(b) {T|5156.25 = T = 18,481.25} () 1(H) = \/H — 100 _ \/100 - H
T —5156.25 —49 4.9
©g(T) = 025 +37.450 (¢) 2.02 seconds
. T = e+
Domain: {7]5156.25 = T =< 18,481.25} 99, f1 (x) = dx b;f=f_1 fa=—d 103.No
Range: {g|37,450 = g = 90,750} x—a
-5 -5+ -5- -5+ V
107. Y4 108. Zeros: > \/E, > \/B, x-intercepts: > \/B, ) 13
HHHBH 6 6 6 6
. 3 . 3
- 109. Domain: { x|x # —E,x # 2 ¢; Vertical asymptote: x = >
s Horizontal asymptote: y = 3

110. 6xh + 30> — Th

5.3 Assess Your Understanding (page 289)
1

6. Exponential function; growth factor; initial value 7.« 8.T 9.T 10. (*1, 7>; (0,1); (1,a) 11.4 12.F 13.b 14.c
a

15. (a) 8.815 (b) 8.821 (c)8.824 (d)8.825 17.(a)21.217 (b)22.217 (c)22.440 (d)22.459 19.1.265 21.0.347 23.3.320 25.149.952
27. Neither 29. Exponential; H(x) = 4° 31. Exponential; f(x) = 3(2") 33.Linear; H(x) =2x+4 35.B 37.D 39.A 41.E

43. y 45. yi 47. y 49. y
TTTT TN A T ] TTTTT
(11113)1’L 2,3 - (—“1,:6:)%\’ IH;\ 1}““\1*3\(‘\),\_\1\)
1.3 A £+ 1) 0,3 S’\l’i (-1,1) 2
7 2)1(0,2) a5y Y =0 [ mm > r=0
= y =1 Y 25% V=" ya
ERSRERR o3) HEE (1 -9)
Domain: All real numbers Domain: All real numbers Domain: All real numbers Domain: All real numbers
Range: {y|y > 1} or (1, 00) Range: {y|y > 0} or (0, o) Range: {y|y > 0} or (0, ) Range: {y|y > —2} or (=2, o)
Horizontal asymptote: y = 1 Horizontal asymptote: y = 0 Horizontal asymptote: y = 0 Horizontal asymptote: y = —2
51. Y4 _— 53. Y4 . 5S. Jy&? _— 57 uu”
b lae REEs: 2, N PH 0.6
L 2)p e (23w EHE L FH
a0y a2 Lo\ [11) 1.0
y=2 y=2 O D¥ (2D
RRRaks 28 y=0 N EhiEiE
1T 1T [RRRN T 7(_3’?/\\\\
Domain: All real numbers Domain: All real numbers Domain: All real numbers D i All real b
Range: {y|y > 2} or (2, ) Range: {y|y > 2} or (2, ) Range: {y|y > 0} or (0, ) Romal'n. | r>ea0 fum grio
Horizontal asymptote: y = 2 Horizontal asymptote: y = 2 Horizontal asymptote: y = 0 ange: {y|y }or (0,0)

Horizontal asymptote: y = 0
Copyright 2017 Pearson Education
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59. g, 61. " 63.{3} 65 {-4} 61.{2} 69. {3} 71 {- V2,0, V2}
Y T8l 2
Lly=5§ Il _ 1
o 5 seascing 73.{6} 75.{-17} TL{-4.2} T9.{-4} 8L {12} 8. 5
2 5 X
1
f % 85., 8.5 89. f(x) =3° 9L f(x) =—6° 93.f(x) =3"+2
Domain: All real numbers Domain: All real numbers 95, (a) 16; (4, 16) (b) —4; (_4’ i) 97. (a) 2; (_1’ 2) b) 3; (37 66)
Range: {y|y <5} or (—0,5) Range: {y|y <2} or (—0,2) 16 4 4
Horizontal asymptote: y = 5 Horizontal asymptote: y = 2 99.(a) 60; (—6,60) (b) —4; (—4,12) (¢) =2
101. yi 103. ¥4 . 105. (a) 74% (b) 47% (c) Each pane allows only 97% of light to pass through.
(—‘z,‘ e‘z‘) 814 4‘2,‘ :‘:2‘ (—2, - e%)”**’( > ‘;) 107. (a) $16,231  (b) $8626 (c) As each year passes, the sedan is worth 90% of its value
R i mm m / _ the previous year. 109.(a) 30% (b) 9% (c) Each year only 30% of the previous
Lok e H y=0 . . .
(©,1)- n * survivors survive again. 111. 3.35 mg; 0.45 mg
> (‘1' B, (z _12) 113.(a) 0.632 (b) 0982 ()1 (d) [T (e) About 7 min
e
Domain: (—00, c0) =1
Range: [ 1, 00) Domain: (— 00, ©0)
Intercept: (0,1) Range: [~1,0)
Intercept: (0, —1)
115. (a) 0.0516 (b) 0.0888 117.(a) 70.95% (b) 72.62% (¢) 100%
119. ((:)) 5(':,)1 amp, 759 amp, 1038 amp  (b) 12amp  121.36  123. Final Value of Compare Value to
’ 3{} L0 2401 — 051, Denominator Expression e ~ 2.718281828
L) = 2401 —
= 1+1 2.5 25<e
L(n=121-¢€2)
2+2 2.8 28>e
571 3+3 2.7 27 <e
(d) 3.34 amp, 5.31 amp, 9.44 amp 4+ 4 2.721649485 2.721649485 > ¢
(e) 24 amp 5+5 2.717770035 2.717770035 < e
6+6 2.718348855 2.718348855 > ¢

125.f(A+B) =aB=a"al =f(A)-f(B) 127 f(ax) = a* = (a*)* = [f(x)]¢
(¢) (coshx)? — (sinhx)?

- B( N eﬁ)r _ B( ~ eﬂ)r

1
=Z[ez"+2+e_2"—ez"+2—e_z"]

129.(a) f (—x) =

131. 59 minutes  135.47* = (a !)* = <1> 136. (—00, —5] U [~2,2] 137 (2,00) 138. f(x) = —2x* + 12x — 13
a

139. (a) y (b) Domain: (— 00, 00); Range: [ —4, %)
i T\ m i (¢) Decreasing: (—o0, —1]; Increasing: [ —1, 00)
(=3,0) [(1,0)-
T TT8Tx
2 -3\ o, -3
L]
x=-1

5.4 Assess Your Understanding (page 304)
1
4. {x|x > 0} or (0,00) 8. (;, 71), (1,0), (a,1) 6.1 7F 8T 9.a 10.c 1llog;9=2 13.log,1.6=2 15.log,72=x 1%.In8 = x

19.8=8 2L.a°=3 23.3*=2 25.¢°=4 27.0 29.2 3L -4 33.% 35.4 37.% 39. {x|x > 3}; (3, 00)

41. All real numbers except 0; {x|x # 0}; (=00,0) U (0,00) 43. {x|x > 10}; (10,00) 45. {x|x > —1}; (=1, 00)
47 {x|x < —lorx > 0}; (—o0,—1) U (0,00) 49. {x|x=1};[1,00) 510511 53.30.099 55.2.303 57.—53.991 59.\/2

61. ypfx) =3 63. 1\ 65.B 67.D 69.A 71.E
R b ro=(3], 39,
—1,l :‘(6,‘1\\ )_1 _ IR N & 27
3 — /7 (x) =logy x [ /1 1
5 v LN 2
7 \1\’\0\) ix
(1 _1>j a ST @) = logypx
3 2,-1
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73. (a) Domain: (—4, c0)
(b) b2
5[

x=-4

(¢) Range: (—00, c0)
Vertical asymptote: x = —4
@[ (x) =e 4
(e) Domain off_lz (=00, )
Range of f1: (—4, )

® "
O
/ X
0, -3)
ms=s y=-t

79. (a) Domain: (4, o)

(b) ,3(51 x=\4\ I
EZ prand
{’15, 2)

Y

(¢) Range: (—00, )
Vertical asymptote: x = 4

dfi(x)=10""2+4

(e) Domain of f 1 (— o0, 00)
Range of 1 (4, c0)

®

"
B f

85. (a) Domain: (—00, )
(b) y

S

/!

|
~
~

=

y=-3
L1111

(¢) Range: (=3, )
Horizontal asymptote: y = —3
) f ' (x) = In(x+3) -2
(e) Domain of f!: (=3, %)
Range of f!: (—00, 00)

®) y
5
(=2,-2 ] x
e
i
x=-3
115. y4
5t
11
= (1,0)
- 5 x
\l’HJ
1T
1T
mE
x=0

Domain: {x|x # 0}
Range: (—00, 00)
Intercepts: (—1,0), (1,0)

75. (a) Domain: (0, o)
(b) y

I
d I

xr=0

(¢) Range: (—00, 00)
Vertical asymptote: x = 0

(d) f’l(x) — ex72

(e) Domain of f~': (— o0, o)
Range of f7!: (0, 00)

® y

81. (a) Domain: (0, o)
(b) »y
5[]

5,

SIS

=
s

[T Tde
T
=

T T
1T
111
i

N
)
baeut
1T

(¢) Range: (—00, 00)
Vertical asymptote: x = 0
1
_1 _1
@ f (%) =3
(e) Domain of f 1 (— o0, 00)
Range of f71: (0, o)

-10%

®

I
T
1)

L

TTTTT
T
g

0

y=

) Sl N

X
NN EEEEEE

87. (a) Domain: (—700, 00)

(b)

(¢) Range: (4, c0)

Horizontal asymptote: y = 4

@) f1(x) =3log,(x — 4)
(e) Domain of f': (4, c0)

77. (a) Domain: (0, c0)
(b)

b
2

[

o~
=
I
©w
1
T

|
x=0
() Range: (00, c0)
Vertical asymptote: x = 0
1
@ f ' (x) =57
(e) Domain of f_lz(—oo, 00)
Range of f7!: (0, o)

®) Y4
,‘.g,,,
|

!

I
83. (a) Domain: (-2, o)

(b) x=-24»

1T 1T
CE I

(¢) Range: (—00, 00)
Vertical asymptote: x = —2
@/ (x) =37 =2
(e) Domain of f!: (— o0, 00)
Range of {71 (=2, 00)
®

y

S

89. {9} 91.{%} 93.{2} 95.{5} 97.{3}

99. {2} 10L {1n310} 103. {%}
105. {-2V/2,2V/2}

107. {—1}

7
109. {51In—
{ “5}

111. {2 — log %}

Range of f1: (—00, 00) 113. (a) {x x> —1}; (—l, oo)
® » 2 2
8 (ﬂ) (b) 2;(40,2) (¢) 121;(121,3) (d) 4
|
I
/5, 0)‘7—_>
Fripms
x=4
117. y 119.(a)1 )2 (¢)3 127.0.2695 s
- (d) It increases. (e) 0.000316 0.8959 s
\ /7 (3.981 x 10°* y
(1,057 121. (2) 5.97 km  (b) 0.90 km 20
as, 123. (a) 6.93 min  (b) 16.09 min H ig
r=0 125. h = 2.29, so the time between E 08 - 10.89%9, 1)
Domain: {x|x > 0} injections is about 2 h, 17 min. 0.41£0.2695,0.5)
Range: {y|y = 0} 004 12 20 x

Intercept: (1,0)

Copyright 2017 Pearson Education
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129. 50 decibels (dB) 131.90dB 133.8.1 135.(a) k = 11.216 (b)6.73 (¢) 0.41% (d) 0.14%

11
137. Because y = log; x means " = 1 = x, which cannot be true for x # 1 139. Zeros: —3, ——, —, 3; x-intercepts: —3, — 3

11
22 22
140.12 141 f(1) = =5:£(2) =17 142.3 + i f(x) = x* — 70> + 1462 + 2x — 20;a = 1

5.5 Assess Your Understanding (page 315)
1.0 2.M 3.r 4.log,M;log,N 5.log,M;log,N 6.rlog,M 7.7 8F 9.F 10.F 11.b 12.b 13.71 15.-4 17.7 19.1 21.1

5 1
23.3 25.1 27.4 29.a+b 31.b—a 33.3a 35.§(a+b) 37.2 +logsx 39.3log,z 41.1+1Inx 43.Inx —x 45.2log,u + 3log,v

1 1 1 2
47.21nx+51n(1—x) 49.31og, x — logy(x —3) Sl.logx + log(x +2) — 2log(x + 3) 53.§1n(x—2)+§ln(x+l) —gln(x+4)

55.1n5+1nx+11n(1+3x)—31n(x—4) 57. logs (1%v*) 59.1og3<i) 61.1og4{i} 63.—2In(x — 1) 65.1og,[x(3x — 2)*]
2 X2 (x + 1)*
67.1 ( 25 ) 69. 1 [ (x+ )7 71.2.771 73.-3.880 75.5.615 77.0.874
L log,| —F—— Logy| .2 . —3. . 5. . 0.
Vax +3 Le+3)(x-1)
log x _ log(x +2)

8.y =

85.(a) (fog) (x) = x; {x|xis any real number} or (—00, c0) 87.y=Cx 89.y=Cx(x+1) 9Ly=Ce* 93.y=Ce*+3
) (gof) (x) =x;{x|]x>0}or (0,00) (c)5
) (foh)(x) =Inx% {x|x # 0} or (—00,0) U (0,00) (e)2

VC(2x + 1)V
95.y=——""":-—" 97.3 99.1
(x +4)7°
101. log, (x + Vx> = 1) + log,(x = Vax® = 1) =log,[ (x + Vx> = 1) (x = Va2 = 1) | =log,[x* — (x* =1)] = log,1 =0
103.In(1 + ¢*) =In[e* (e ® +1)] =Ine* +In(e >+ 1) =2x + In(1 + %)
-y
105. y = f(x) = log, x; a* = x implies a’ = (l) =x,s0 —y = logy/, x = —f(x).
a

107. f(x) = log, x;/<l> = log,,l =log,1 — log,x = —f(x)
x X

M 1 _ 1
109. logaﬁ = log,(M-N"') = log, M + log, N"! = log, M — log, N, since a!°8« N~ = N1 implies a "1°8« N = N; that is, log, N = —log, N"\.

1 -5-V21 =5+V21

5 2 2

115. {—1.78,1.29,3.49} 116. A repeated real solution (double root) 117. -2,

118. y
Saaai]

e

EaEmi!]annnnn
Domain: {x|x < 2} or (—00,2]
Range: {y|y = 0} or [0, 00)

Y

5.6 Assess Your Understanding (page 322)

5. {16} 7{15—6} 9.{6} 1L {16} 13.{%} 15. {3} 17.{5} 19.{%} 21.{-6} 23.{-2} 25.{-1+\V1+e'} =~ {6456}

27.{_5%3\/5}—:{0.854} 29. {2} 31.{%} 33.{7} 35.{-2+4V2} 3.{-\V3,V3} 39.{%,729} 41. {8}
8

In -
In 10 n12 18 5
43. {log,10} = { 112} ~ (3322} 45.{—loggl2} = {f IllnS } ~ [~0.088} 47. {glogzg} =3y ( = (0226}

} ~ {0534} 57 {%} ~ {1585}

In 7
1+Inm

In3 In7
49, {m} ~ {0307} 51 {m} ~ {1356} 53.{0} 55.{

59. {0} 6L {10g4(—2 + \ﬁ)} ~ {~0315} 63.{logs4} ~ {0.861} 65.No real solution 67. {log,5} ~ {1.161} 69. {2.79}
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7. {—0.57} 73.{-070} 75.{0.57) 77.{0.39,1.00} 79.{132} 8L {131} 83.{1} 85.{16} s7.{—1,§} 89. {0}

In5In3
— 1
91. {1n(2 + \@)} ~ {1.444} 93. {e In 15 } =~ {1921} 95.(a) {5}; (5,3) (b) {5};(5,4) (o) {1};yes,at (1,2) (d) {5} (e) {,H}
97.@, ) e =3t 99. (a), (b), (¢) 101. (a), (b), ()
EEEEE uh AE | ,,ﬁf,({)f}i y
#M P — - (1,2v2
g =2 1 g =2~ Kl
5 (0.710, 6.541) - _1‘ i ‘\ : : w, 1‘7
> T - 8x) = 10/ (10g; 10, 10) Sy =271 X
1T T | H i EEEEH
X T
(©) {x|x > 0.710} or (0.710, 00) H .
103. (a) y 105. (a) 2047  (b) 2059 110. {—3, T 2}
SRR A A 107. (a) After 4.2 yr
| (b) After 6.5 yr 111. one-to-one L s
X
=2"-4 x c) After 12.8 yr 112. (fo =_- > . 1
f(x)HHH %’T=TT_W4 © Y (Fog) (x) —x+ll’{x|X#3’x¢ }
T 111

113. {x|x = 1},0r [1,0)

()2 (¢) {x]x <2} or (—0,2)

5.7 Assess Your Understanding (page 331)
3. principal 4. I; Prt; simple interest 5.4 6. effective rate of interest 7.$108.29 9.$609.50 11.$69709 13. $1246.08 15.$88.72 17.$860.72

19.$554.09 21.$59.71 23.5.095% 25.5.127% 27.6 %% compounded annually 29. 9% compounded monthly 31.25.992% 33.24.573%

35. (a) About 8.69 yr (b) About 8.66 yr 37.6.823%  39.10.15yr; 10.14 yr 41.15.27 yror 15yr,3mo  43. $104,335 45. $12,910.62

47. About $30.17 per share or $3017  49. Not quite. Jim will have $105760. The second bank gives a better deal, since Jim will have $1060.62 after 1 yr.
51. Will has $11,632.73; Henry has $10,94789. 53.(a) $64,589 (b) $45,062 55. About $1020 billion; about $233 billion  57. $940.90 59.2.53%
61.34.31yr 63. (a) $3686.45 (b) $3678.79 65. $6439.28

67.(a) 1190 yr (b) 221151 (¢) mP = P<1 N L)”' 69.(a) 1.99% (b) In2026 or after 17yr 71.22.7yr 76.R = 0; yes
n

2x

= (1 N i)t 71 7 (x) = = 825 () = (v + 2)2(x—=5) (x2+1) 79.{6}
Inm = ln(l + %)m = nt ln(l + 5)
Inm

5.8 Assess Your Understanding (page 342)

1. (a) 500 insects  (b) 0.02 = 2% per day (c) [EEEEEEEEET T (d) About 611 insects  (e) After about 23.5 days (f) After about 34.7 days
0]0]

3. (a) —0.0244 = —2.44% per year 5.(a) N(1) = Ny (b) 5832 (c) 3.9 days

RMAL FLOAT AUTO REAL RADIAN MP
(¢) About 391.7 g (d) After about 9.1 yr N
(e) 284 yr i
0 100

7.(a) N(1) = NpeX'  (b) 25,198 9.9.797 ¢ 13. (a) 5:18 pm 15. (a) 18.63°C; 25.07°C
11. (a) 9953 years ago NORMAL FLOAT AUT! (b) NORMAL FLOAT AUTO REAL RADIAN MP

0 50
0
0 30,000
0 (c) About 14.3 min (d) The temperature
(¢) 5730 yr of the pizza approaches 70°F.
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17. 1.7 ppm; 717 days,or 172h  19.0.26 M;6.58 h, or 395 min  21. 26.6 days
23.(a) 1000 (b)43.9% (¢)30¢g 25.(a) P(0) = 48;In 1900, about 48 invasive species were
(d) present in the Great Lakes. (b) 1.7%

0 20

(e) 616.6 g (f) After 9.85h (g) About 79 h
(d) About 176  (e) During 1999

31.(a) P(r) = 25’000(2)1‘/8
(b) NORMAL FLOAT AU’

27. (a) In 1984, 91.8% of households did
not own a personal computer.

0 40 (b) 0.78, or 78%
L (¢) 50 people (c) 32,421 people (d) In about 13.42 yr
(¢) 70.6%  (d) During 2011 (d) As n increases, the probability decreases. (e) P(1) = 25,000¢*087

33. f(x) = —%x + 7 34.Neither 35.2Inx + %lny —Inz 36.2V5

5.9 Assess Your Understanding (page 350)

(b) y = 0.0903(1.3384)* (e) 0.69 (b) y = 118.7226(0.7013)* (e) 28.7%

(© N(1) = 0.0903¢0-2915 (f) After about 726 h (© A(r) = 118.7226¢ 03348 (f) k = —0.3548 = —35.48% is the exponential
growth rate. It represents the rate at which
the percent of patients surviving
advanced-stage breast cancer is decreasing.

(©)

(b) y = 330.0549 — 34.5008 Inx  (d) 185 billion pounds
(e) Under by 5 billion pounds (b)

(d) 762,176,844

762,176,844.4 .
(e) Approximately 315,203,288  (f) 2023

YT+ 874080 001

(d) 321.0 thousand cell sites (b) Cubic (e) About $74.6 billion

321.0384 :
(e) 314.7 thousand cell sites (©) y = 0.0691x* — 0.6538x> + 4.4323x + 13.0352

1+ 1353081025161

(b) y

14. f(x) = %(x +3)(x +1)2(x — 2)
3V2

15.—— 16.R=7;n0o 17. y
2 10

(b) Exponential (€)5.1% e
(¢) y = 115.5779(0.9012)*
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AN-44 ANSWERS Review Exercises

Review Exercises (page 356)

L@ -4 ()1 (-6 (d)—6 2.(a)-26 (b)—241 ()16 (d) -1 3. Vil M1 (© VV6+2 (@19

L@et ®3e2-2 © @17

5.(feg)(x) =1 —3x, allrealnumbers; (g°f)(x) = 7 — 3x, all real numbers; (fo f) (x) = x, all real numbers; (g°g) (x) = 9x + 4, all real numbers
6. (fog) (x) = V3 + 3x + 3x% all real numbers; (gof) (x) =1 + V3x + 3x, {x|x = 0};

(fef)(x) =V 3V3x, {x|x = 0}; (geog) (x) =3+ 3x + 4x? + 2> + x*, all real numbers

1+x x—1
T (Fog) (x) = [ bxla # 0,6 # 1 (g2 ) (x) = v # —Lx # 1R (Fo) () = {xlx # 1} (g28) (x) =, {x]x # 0}
-to- y
8. (a) one-to-one (b) {(2,1), (5,3), (8,5), (10,6)} 9. H‘FM ==
H0,2)] 3, 3)
(=2,0)
) :
A
2x +3 x+1
10. /7! = 1. £t =
@ = ==
2x + 3
. 2<5x—2>+3 fU7)) ==
() = =x -1
<2x + 3) X
5 -2
S5x —2 1
2x + 3 x—1 1
(21345 F) = =
) = e = :
<2x + 3) s x—1
S5x =2 Domain of f = range of f~! = all real numbers except 1
2 = i -1 =
Domain of f = range of £~ = all real numbers except : Range of f = domain of f all real numbers except 0
. _1 2
Range of f = domain of f~ = all real numbers except 5
12.f ' (x) =x*+2,x=0 1B (x) = (x—1)% 14. (a) 81 (b) 2 (c)% (d) -3
FUT) = VP2 2= x| =xx=0 (/@) = (= D)IP+1=% 15100222 165 - u 17-{xx>%};(g,°°>
FE) = (Va=2)2+2=x @) = @R+ 1-1)=x 3N
Domain of f = range of f1 = [2, ) Domain of f = range of ! = (—00, c0) 18. {x|x < Torx>2}; (00, 1) U (2,2)
o i o o i o 19.-3 20.\V2 21.04
Range of f= domain of f~ = [0, 00) Range of f = domain of f~ = (—00,00)
22.logsu + 2logzv — logzw 23.8log,a + 2log, b
_ o
24.210gx+%log(x3+1) 25.2In (2x+3) —2In(x —1) = 2In(x — 2) 26.%10g4x 27.-2In(x +1) 28.In M} 29.2.124
x(x —4)
31. (a) Domain of f: (—00, )  (¢) Range of f: (0, o) () y)
(b) » Horizontal asymptote: y = 0 sl_{hz, 4
@ f7'(x) =3 + logyx P
1 10 == / (e) Domain of f71: (0, 00) v
an ﬁ" f/)‘r’ Range of f7%: (— 00, 00)
LGN y=0 P
-3 IERLE
32. (a) Domain of f: (—o0, 00) 33. (a) Domain of f: (—00, o) 34. (a) Domain of f: (=3, 00)
(b) HH\yd\H (h) = T (b) (H y‘
SR\ enaE S i
Sy =1 y=0 (-2,0)
5 x x f 5 x
[ 3 1
(1,2 Vﬂ,—ln3>
Ve x=-3 \ 2
(¢) Range of f: (1, 00) (¢) Range of f: (0, 00) (¢) Range of f: (—00,00)
Horizontal asymptote: y = 1 Horizontal asymptote: y = 0 Vertical asymptote: x = —3
@ f'(x) = —logs(x — 1) o x @ f'(x) =e* -3
(e) Domain of f7!: (1, 00) @f(x) =2+In 3 (e) Domain of f~': (—00, 00)
—1(_ -1 (_
® Range of ™ (- 00, 00) (e) Domain of f~': (0, o0) o Range of f~: (=3, 00)
Sy Range of f%; (—eo, o0) A s
11 5 no,
L2y L Y
IR I~ BB
S 3,2) [ 3
D e
tHH x HH
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ANSWERS Chapter Test AN-45

35.{—§} 36.{71 — V5 oLk \/3} ~ {—1.366,0366} 37. {1} 38. {%} ~ {4301} 39.{-2,6} 40.{83} 4l. {%,—3}

9 2 ’ 2 4 In5—-1In3
In (-2+V7)
42. {1} 43.{-1} 44.{1 —In5} = {-0.609} 45.logs(—2+ \/7) N\ w3 (T {—0.398}
46. (a), (e) yaf i@ =21 42 (b) 3; (6,3) 47.(a) 373 W (b) 6.9dB 48.(a) 11.77 (b) 9.56 in.
HH }1‘(. i }M}y — (c) 10; (10,4) 49.(a) 9.85yr (b) 427 yr 50.$20,398.87;4.04%; 175 yr
(0, %)’(3, 6 ) =logy (x— 2) + 1 d .5 5 - 51.$41,668.97 52.24,765 yr ago  53.55.22 min, or 55 min, 13 sec
= Ti6.3) (@) \x|x =5 ol 54.7615278,125 55.7204 £:0.519 ¢
T
s )* @ (x) =271 +2
(5,0
\2’
56.(a) 0.3 (b) 0.8 58. (a)
(c) NORMAL FLOAT AUTO REAL RADIAN HMP - & B
0 . 40 .
o ’ i| : 9
(b) y = 2638.26(1.0407)* (b) y = 18.921 — 7.096 In x b) C = 46.9292
(d) In 2026 (¢) A(t) = 263826039 (c) = 1+ 21.2733¢ 07306
10
(d) \
0 \\40
-0
5 1 9
S G (d) Approximately —3°F i O T e R
(e) 2021-22 (d) About 47 people; 50 people
(e) 2.4 days; during the tenth
hour of day 3
(£) 9.5 days

Chapter Test (page 359)
22 W2 =5 © e (-2) = -3

2x +7
1.(a) fog= 3 domain: {x

2. (a) The function is not one-to-one. (b) The function is one-to-one.

+
245 x # %},range of f= {y|y #* 0};d0main of f1 = {x\x # 0};range of f1 = {y‘y # g}

3. f"l(x) = . ; domain of f= {x
4.The point (—5,3) must be on the graph of 1. 5. {5} 6.{4} 7.{625} 8.¢°+2 ~ 22086 9.log20 =~ 1.301
10. log; 21 = % ~ 2771 11.1n133 = 4.890
12. (a) Domain of f: {x| —c0 < x < 00} or (—0o0, 00) 13. (a) Domain of f: {x|x > 2} or (2, )
(b) y (b) Y4
e s
/ i
. ey
-1,-1 A% F
pe=" e En e 18,
Py =-2" onT
x=2
(0) Range of f: {y|y > =2} or (=2, 0); _ _
Horizontal asymptote: y = —2 © Rartl-geloff. 1 |t t(x') <_y 2< o0} or (=00, 00);
@ f (x) =logs (x+2) — 1 Vcirllca asyn}[j ote:x =
S @ f (x) =5 +2
(e) Domain of ' {x|x > —2} or (-2, ) ; B
=) (e) Domain of f!: {x|—00 < x < co}or (—00, )
Range of f 1 {y |—00 <y < 00} or (—00, 00) 4
® Range of £~ {y|y > 2} or (2, )
y
& ® - ammmm
APNEE Hon
2,0) 5(111 51
= X [ 5 9)
1.9 P
EH e Eant 2u
X = =2 Tt
- +
4. {1} 15.{91} 16.{-In2} ~ {-0.693} 17. {% %} ~ {-1.303,2.303} 18. {13_11177} ~ {-6172}

19. {26} =~ {4899} 20.2 + 3log,x — log,(x — 6) — logy(x +3) 21. About 250.39 days 22.(a) $1033.82 (b) $963.42 (c) 119 yr

23. (a) About 83 dB  (b) The pain threshold will be exceeded if 31,623 people shout at the same time.
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AN-46 ANSWERS Cumulative Review

Cumulative Review (page 360)
1. (a) Yes;no (b) Polynomial; the graph is smooth and continuous. 2.(a) 10 (b) 2% +3x+1 (¢)2x* +4xh +2h* —3x —3h + 1

3. (%, ?) is on the graph. 4. {—26}

s. 7 6. (a) 79 (b) All real numbers; (—00,00) 7 f(x) =2(x — 4)> — 8 = 2x> — 16x + 24
P S
G0, (4, -2)-
0 E O, —aR 0T
(0, —4)- FoHENH
1T IR A I
11T CETrTY I
8. Exponential; f(x) = 2-3* 9. y 10.(a) f(g(x)) = W + 2; domain: {x|x # 3};3
i r-
[ = 1) f(g(x)) = log, x + 2; domain: {x|x > 0};2 + log, 14
(-1, -2 - x
[T
H
1 3
11. (a) Zeros: —4, ——,2 12. (a), (¢) y 13. { f} 14. {2}
4 O SR 2
1 gk ol : _ _ _
(b) x-intercepts: —4, —— 2; Ty=2 x=2 15. @ {1} () {x[x>—1} or (-1, 00)
4 i (¢) {25}

y-intercept: —8 3. 0)

11l 16. (a) NORHALY FLOAT AUTOFREAL RADIANNHP

(¢) Local maximum value of 60.75 Ay = o1 g7 ') 20
occurs at x = —2.5 . °
Local minimum value of —25 Domain g = range g™' = (—00, 0) .
occursatx =1 . Range g = domain g! = (2, o) .
@ /5 5 (b) g1 (x) =logs(x —2) ;i -
(‘2’ 6"2); o
Lo (b) Logarithmic; y = 49.293 — 10.563 In x
<_Z’ ) ‘\2, ) (¢) Highest value of | 7|
(=4,0) 5
H a, =25
0,~8

CHAPTER 6 Trigonometric Functions
6.1 Assess Your Understanding (page 372)

1
3. standard position 4. central angle 5.d 6. r6; P r’0 7.b 8.
1Ly 13. y 15. 17. y 19.

135° X

. \450" . |

23.% 25.4?77 27. —g 29.7 31 —3777 33. —% 35.60° 37.—225° 39.90° 41.15° 43.-90° 45.-30° 47.030 49.-0.70 51.2.18

53.179.91° 55.114.59° 57.362.11° 59.40.17° 61.50.24° 63.9.15° 65.40°19'12" 67.18°15'18" 69.19°59'24" 71.5m 73.6 ft
75. 0.6 radian 77.% ~ 1.047in. 79.25m> 81.2\/3 ~ 3464ft 83.0.24 radian 85.% ~ 1.047in2 875 = 2.094 ft; A = 2.094 ft>

89.5 = 14.661 yd; A = 87.965yd® 9137 ~ 9.42in; 57 ~ 1571in. 93.27 ~ 6.28 m’ 95.? ~ 1060.29 ft> 97.% ~ 112574 in>

1 1
9.0 = % radian/s; v = Ecm/s 101. =232 mph 103. =120.6 km/h 105. =452.5rpm 107. =359 mi 109. =898 mi/h 111. ~2292 mi/h

113.%rpm 115. =2.86 mi/h 117. =31.47rpm 119. 637 ft> 121. =~1037 mi/h 123. Radius =~ 3979 mi; circumference ~ 25,000 mi

)

r 7
125.v; = riwy, vo = rwy,and vi = V5,80 ro; = rzwzandrfl =— 134.x = 3 135. {x|x # +3} 136.y = —|x +3| —4 13.HA:y =3;VA:x =7
2 W
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ANSWERS Section 6.2 AN-47

6.2 Assess Your Understanding (page 389)

2 2 1 2
7.b 8.(0,1) 9<££) 10. a ll.X;{ 12.F 13.sint:f;cost:ﬁ;tant:ﬁ;csct:2;sect: \/ggcott:\/g
2 2 rr 2 2 3
. V21 2 V21 5V21 5 2V21 . V2 V2
15.Sll’ll‘=?;COSl:—g;tal’lt=—T;CSCZ=T;SSCI=—E;Cott=—7 I'ZSIHIZT;COSIZ—T;

1 2V2 2 3V2
tant=—1;csct=\/i;sect=—\/§;cott=—1 19.sinz=—g;cost=i;tant=—%;csct=—3'sect=T\/;cotz=—2\/5

3
1 4\f

21.-1 23.0 25.-1 27.0 29.—1 31.5(\6+ 1) 33.2 35 E 3.V6 39.4 41.0 43.2V2+ > 45.1
47. sinzi = ﬁ coszi = —1' tanzi = -V3; csczl = 2\@'seczi = -2 cotzi = —ﬁ

’ 3 27 3 2’ 3 ’ 3 37 3 ’ 3 3

1 2
49. sin 210° = —E; cos 210° = —%; tan 210° = ?; csc210° = —2;sec210° = —%; cot 210° = \/5
. 37 \/2 37 \/5 3 3 3 37

51.51117 = T’COST = fT,tanT = fl,cscT = ﬁ,secT = - 2,c0tT = -1
53 smsl = ﬁ cossl = —Ltansl = -V3; cscgi = 2\/5' secsi = — 'cotgl = —ﬁ

: 3 2’ 3 2’ 3 ’ 3 37 3 ’ 3 3

V2

2
55. sin 405° = %; cos 405° = T; tan 405° = 1; csc 405° = \6; sec 405° = \6; cot405° =1

. T 1 T V3 T V3 T T 2V3 ( 17)
57. sm<fg) =5 cos(fg> =5 tan<fg> =3 csc<f€> = -2 sec(f€> =73 ; cot 6)° -V3

59.sin(—135°%) = —%; cos(—135°%) =

(=135°) = 1;¢csc(—135°) = —ﬁ;sec(—135°) =-V2 cot(—135°) =1

61. sinsg = 1;cos 5277 = 0; tan 52 is undefined; csc 5; = 1;sec 52 is undefined; Cotsi =0
6. in (,ﬁ) V3 (,144) _ L, ( 1477) V3 ( 14w> __2V3 (,m) _ t(,lﬂ) _ V3
. S 3 2,cos 3 )= 2,a csc 3 )= 3,sec 3 )~ ;€O 3 )= 3
. 4 3 4 5 5 3

65.0.47 67.1.07 69.032 71.3.73 73.0.84 75.0.02 77.sinf = g; cosf = —g; tan 6 = —g; csch = Z; secH = —g; cotf = _Z

3V13 2V13 3 V13 V13 2
79.sin 60 = —T,cose = T,tan@ = —E,csce = —T,sece = ;cotf = 3

2 2
81.sin 6 = f%;cosf) = f%;tane = 1;csch = *\[2;8600 = f\ﬁgcotH =1
. 3 4 3 5 5 4 V31 3 V3
83.sm0—§,cose—gtan0—chcn‘)—g,sec()—z,cote—g 85.0 87.0 89.—-0.1 91.3 93.5 95.7 97.5 99.1 101.7
V3 1+\V3 1 3 V2 V2 (7 V2 V2 m
103. \/g 105. _T 107. ———— B 109. —E 111.7 113.7 115. (a) T, (Z’ 7) (b) (7, Z) (C) (Z, —2)
11 1
117. Answers may vary. One set of possible answers is —J, —Sl, Z’ 7l, B3
3 373737 3
9.1 0.5 0.4 0.2 0.1 0.01 0.001 0.0001  0.00001
sin® | 0.4794 0.3894 0.1987 0.0998 0.0100 0.0010 0.0001 0.00001
5";0 0.9589 0.9735 0.9933 0.9983 1.0000 1.0000 1.0000 1.0000
sin 6

approaches 1 as 6 approaches 0.

121 R =~ 31056 ft; H ~ 77.64ft 123.R ~ 19,541.95m; H ~ 2278.14m 125.(a) 120 sec (b) L.12sec (c) 1.20 sec
M3

127. (a) 1.9 hr; 0.57 hr  (b) 1.69 hr;0.75 hr (c) 1.63 hr;0.86 hr  (d) 1.67 hr; tan 90° is undefined 129. 154 ft 131.71ft 133.y = — 7

135. (a) 16.56 ft (b) [EEENETEIOEEETET (c) 675° 137. (a) values estimated to the nearest tenth:
20- sinl = 0.8;cos1 = 0.5;tan1 = 1.6;csc1 = 1.3;sec1l = 2.0;cot1 = 0.6;
1 actual values to the nearest tenth:sin1 = 0.8;cos1 = 0.5;tan1 = 1.6;
cscl = 1.2;secl = 1.9;cotl = 0.6
(b) values estimated to the nearest tenth:sin 5.1 = —0.9;cos 5.1 = 0.4;

459 90 tan 5.1 = —23;cscS5.1 = —1.1;sec5.1 = 2.5;cot5.1 = —0.4; actual
values to the nearest tenth:sin 5.1 = —0.9;cos 5.1 = 0.4;tan 5.1 = —2.4;
cscS5.1 = —1.1;sec5.1 = 2.6;cot5.1 = —0.4

x|x > —%} or <—f oo) 144.4 — 3i,—5 145.R = 134 146. {—10}
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AN-48 ANSWERS Section 6.3

6.3 Assess Your Understanding (page 405)

2 2
5.2m;m 6. All real numbers except odd multiples of% 7.b 8.a 9.1 10.F ll.% 13.1 15.1 172.V3 19.% 21.0 23.\2 25.%
3 4 5 5 1 5
27.11 29.1vV 31.1IV 33.11 35.tan6 = fZ; cotf = 75; sec = Z; csch = 3 37.tan 6§ = 2;cot = 5; secf = \@; csch = %
39.tan 6 = ?;cote = \/ggsece = %ﬁ;csco =2 4l.tanf = —?;cot@ = —2\/£;SGCO = #gcsc@ = -3
5 12 13 13 5 o3 _ 3. _ 5 _ 5 _4
43.0056——B,tane——?,csce—ﬁ,sece——?,cote——E 45.sin 6 = 5,tan0—4,cs00— 3,sece— 4,cot0—3
12 1 1 12 2V2 2 2
47.cos§ = ———;tan 6 = —i; csch = j; sec = —j; coth = —— 49.sinh = i; tan 0 = —2\6; csch = 3\[; sech = —3;cotf = —i
13 12 5 12 5 3
2 1
51.cos 6 = —?;tane = - \SG;CSCH = %;sece = —?’Sﬁgcote = —? 53.sin 0 = —?;cose = E;tane = —\/5;
2V3 V3 , 3 4 5 5 4 , V10 3V10
csc = — 3 ;cotf = — 3 55.sin 0 = —5,0050 = —5,0500 = —3,5609 = —4,cot9 =3 57.sin 6 = 10 ;cosf = — 0
cscf = V10;secd = ——‘310; coth = —3 59. —? 61. —? 63.2 65.-1 67.-1 69.? 7.0 73.-V2 75.23£
77.1 79.1 81.0 83.1 85.—-1 87.0 89.09 91.9 93.0 95.Allreal numbers 97. Odd multiples of% 99. Odd multiples of%

101. -1 =y =1 103. All real numbers 105. |y| = 1 107. Odd; yes; origin  109. Odd; yes; origin  111. Even; yes; y-axis
1
113. (a) 3 ()1 115.(a) -2 ()6 117.(a) -4 (b) —12 119. =1581 min 121.Let a be a real number and P = (x,y) be the point on

o . . y 1
the unit circle that corresponds to ¢. Consider the equation tant = = = 4. Then y = ax. But x> + y> = 1,s0x?> + a>*> = 1.Sox = +————and
a * V1 +
y== ﬁ; that is, for any real number a, there is a point P = (x, y) on the unit circle for which tan ¢ = a. In other words, the range of the
1+a

tangent function is the set of all real numbers. 123. Suppose that there is a number p,0 < p < 27, for which sin(6 + p) = sin 6 for all 6. If 6 = 0,

3
thensin(0 + p) =sinp =sin0 =0,s0p = 7. 1f6 = g, then sin(% + p> = sin<g). But p = 7. Thus, sin(%) =-1= sin(%) = 1. This is

impossible. Therefore, the smallest positive number p for which sin (0 + p) = sin 6 for all 0 is 2. 125.sec 6 = “os g Since cos 0 has period 2, so

doessec f. 127.If P = (a, b) is the point on the unit circle corresponding to 6, then Q = (—a, —b) is the point on the unit circle corresponding to § + 7.
-b b
Thus,tan(§ + 7) = — = i tan 6. Suppose that there exists a number p,0 < p < ar, for which tan (6 + p) = tan 6 for all 6. Then,if 6 = 0,

then tan p = tan 0 = 0. But this means that p is a multiple of 7. Since no multiple of 7 exists in the interval (0, 77 ), this is a contradiction. Therefore,
the period of f(0) = tan 6 is 7.

1 1 1 1 1 1
129. Let P = (a, b) be the point on the unit circle corresponding to . Thencsc§ = — = ——sec = — = ;cotf = LA .
b sin@ a cosf b bla tan6

131. (sinf cos ¢)? + (sin@sin $)? + cos’§ = sin’ § cos’ ¢ + sin® @ sin’ ¢ + cos> § = sin’ f(cos’> ¢ + sin’ ) + cos’f = sin®H + cos’f = 1

1 1
137. (fog)(x) = x> — 14x + 46 138. Wy Vertex: (3, 5) 139. {In6 + 4} 140.y = il + 37
—f 431’ P axis of symmetry: x = 3
eyt
I 1
I Yé6x
x=3
6.4 Assess Your Understanding (page 418)
3. 1;% 4.3 7 5. 3;% 6.T 7.F 8T 9.d 10.d 1L.(a)0 (b) —g =x s% ©1 @O0, 2
(e) f(x) =1forx = —3777, %;f(x) = —1forx = —%,3777 f) —5%, —%, 7?77711777 (g) {xlx = kw7, k aninteger} 13. Amplitude = 2; period = 27

1 4
15. Amplitude = 4; period = 7w 17. Amplitude = 6; period = 2 19. Amplitude = 5; period = ?77 21. Amplitude = g; period =3 23.F 25.A
27.H 29.C 31.J
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ANSWERS Section 6.4 AN-49

3. y 35 [ n 0.0 3. 3m . 39. 3o
N £ NN B U oy
ﬁ\ 7:041)\ 3m AL/ ’H— 2" TRy = b IRy
ma (7’ 0) e, 0) 7y )25 (E’ 1) <_Z’ 1)*55 |

~ u 2 ! mm H 0
_%\I \l\% v v o ’/(32-’0> (m,
T N [7 BE g AN 8 1 R x
Cm D, -4 (7’ °> 5 / H =
3w ™ <__!_1> 5 EO, 0). H
Domain: (—00, 00) (“T") (5,_> 4 / : ( ﬂ\l/m(ﬂ 0)
Range: [ —4,4] (—%,0) (Z’ _1> (E"l> 2
Domain: (—00, o)
Range: [ —4,4] Domain: (—090, 00) Domain: (—00, c0)
Range: [—1,1] Range: [—1,1]
41. y 43. hfm 1>7 45. (E 5) 47. "
3m2L2smI (é‘,g)ﬁ:\z;’- ) (3{0) SRR 2’1 2240,2) 5 )
NN @y 0) 4’ | 27 )= \773‘) AV s\
. el {2, 3) 3 * )
x b x | _3 3 ~5 -3
WVARVE: HCURAN iRl (_g’1> m = (%1’1) ( 2 ) VollVii o 2
DY Yom -2 (n3) coERtERELEE e
©,0) ( - 1) (5% 0) (% _ )
Domain: (—00, 00) g Domain: (—00,00)
Range: [-2,2] Domain: (—00, 00) Range: [1,5] Domain: (—00, 00)
R { 1 1} Range: [—8,2]
ange: | =5,
49. 9 51, - 53. /35 55. N
(-%, 10) , (;, 10> ( i 5)(—3, )M(g,s> (3%7 8) (—;, 3> g(o, » (2 §> ygj<2 5)
) \ 2. 4’3
han A G NI e C42AHAED (o]
FEY 4 44 (6,9) H \(@@,5) TAmAYEX)) NE ‘ 2
i s =m0\ (5.9 YAV (o SRR vEE
(3.l (3 ERPEC (39 ) gt
27 ) \] 2 4 2T 4’3 \ F+25] H
0,4) 0,5) (i-ﬁ) (%, 0) 0, —1)
4 .
. . Domain: (—o0, 00)
Domain: (—00, 00) Domain: (—00, 00) D NP Range: [~ 1,2]
Range: [—2,10] Range: [2,8] omar: (5 s - ) &8 ’
Range: | —>,>
ange { 3 3}
. . ™ 1 3. . (3
57.y = £3sin(2x) 59.y = £3sin(wx) 61.y = 5cos Vi 63.y = —3cos > 65.y = Zsm(la-rx) 67.y = —sin Pl
4 2 2
69.y = —cos (lx) +1 7l.y =3sin (zx) 73.y = —4cos(3x) 75.— T i
3 2 ™ T
. (fo = si « (fo = — 83. . 1
79. (fog) (x) = sin (4x) 81. (fog) (x) 2 cos x Y,(%l,ﬁ,o)m 85. Period = - s
) ) 125 i1 30
mme: T L) BB, 2) 2m, 1) A . _
(‘%’ 0) 1] A\ ’ N/ mplitude = 220 amp
L4 1M /A o, A 2w x 1
4 x T X { T |
N \[/ -\ I ,3_ﬂ,0> ]
HHHHH % 22 - 2n, -2) (5_‘",_\/_i> \2
. 42 1
(8°f) (x) =4sinx (8°f) (x) = cos(—2x) E
=220) ™
(ﬂ,4> Y4 1 .
vy \2 s H 87. (a) Amplitude = 220 V (¢) I(t) = 22sin (120m¢)
5 INHE 1 (d) Amplitude = 22 amp
N % Period = —s 1
LNy 60 Period = —s
AF ~(z-) b), (©) 60
5 -~< ;’ _4> ﬁewb M\
[ T
-2 !
[l
(R RNV \
—220{ H
[Vosin 27ft) 1>V . Vi N R
89. (a) P(1) = — g " gen (27ft)  (b) Since the graph of P has amplitude R and period ? and is of the form y = A cos(wt) + B,
then A = 0 and 8= V0 Since L = 27 then 1 — df- Therefore, P(1) = —¥0 cos (4mfry + 20 = V0 1 dmfi
enA = ——pand B =_v. 1nce2f— ,then e = 7rf. Therefore, P(1) = 2Rcos( wft) 2R_2R[ cos (4mft) ].
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91.

3 15 -
(ﬁ,lzo) (ﬁ,uo) 93. £ y

N Rp Cant 2,100 B T
0] K (3100) & 1151 E
= 12*) 77 - o o
g 110/ \i /N (12 100) s 10
£ ¢ 7 R ~
£ N/ NS = 120 240 360

0, 100) x
£ o Mg N
< e I
Time (sec)

2 2
95. (a) Physical potential: o = %; emotional potential: v = %; intellectual potential: w = %

(¢c) No (d) Physical potential peaks at 15 days after 20th birthday. 97.

Emotional potential is 50% at 17 days, with a maximum at

e

10 days and a minimum at 24 days. Intellectual potential

starts fairly high, drops to a minimum at 13 days, and rises

to a maximum at 29 days.

36

m
4

1 71 71 Sw 1 37
E)’ (—g, E)’ (?’ E)’ (T’ E) 101. Answers may vary. <_T’ 1), (

108. (2,5) 109. (0,5), (—g 0), (—% 0) 110. {5.85}

5
99. Answers may vary. (—?ﬂ-,

6.5 Assess Your Understanding (page 429)
3. origin; odd multiples ofg 4. y-axis; odd multiples ofg 5.b 6.T 7.0 9.1

S 97r
,1>, (T’ 1), (7, 1

) 107.2x + h — 5

3 3 3 3
1l.secx = 1forx = —2m,0,2m;secx = —1forx = —7,w 13. —7#,—%,%,777 —%,—%,g,%
17. y 19. y 21 N
1 (= WK (o | (=, 1)
e 303 Sl | e H
(e L %, i, ]
7 7 AT AT ARES o x 75
- _3) 1 P \ [
5 e K
Ul 4 ) (—? -1
km Domain: {x|x # kar, kis an integer} Domain: {x|x does not equal an odd integer}
Domain: # —, ki dd int )
omain {x X 5 kisanoddin eger} Range: (— 00, 00) Range: (o0, 00)

Range: (—00, )

23.

y Y4 27. y
FEEBHET T iR R
e AN 27) (5.9)
(0,2)= \(2\17’ 2 H I
5 T A AT
(=m -1 \= \ (=, ‘—:z‘) IV @ - (.%"ﬂ-) ‘<‘,-, )

H [mE| | 3=
Domain: {x|x # 4k, k is an integer} Domain: {x . kl, Kis an odd integer} Domain: {x|x # ka, kis an integer}
Range: (—00, 00) 2 Range: {y|y = —3ory = 3}

Range: {y|y = —2ory =2}
29. y 31. v 3 33. y

(22) el
.4 / o (—3m,2) 1) }/(rr, 2)
5 (“E’ )_, = (1, —2> «© ‘1, ot >

(—2m,—4 I 2 "L \[
AR (-3~ S G
2277

Domain: {x|x 7 ku, k is an odd integer} Domain: {x|x does not equal an integer}

Domain: {x|x # 2wk, kis an odd integer}

Range: {y|ly = —4ory = 4} Range: {yly = —2ory = 2} Range: (—00,00)
35. vy @3 37. y 3 39. y
A 1 (fr,—7> o 1 i i (3_,7’ 1)
| [ <—7,1> i 2
3 5m /L NS x
; > : :
2 K —m -3 Fr-yr iy 3
inh L) I i
0, -2)
3 . . . Domain: {x|x # 3wk, k is an integer }
Domain: {x x # —k, kis an odd integer} Domain: {x|x # 27k, kis an odd integer}
4 Range: {y|ly = —3or y =1}

R 0l . 3 Range: (—00,00)
ange: =lory=
e ' Copyright 2017 Pearson Education
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2 6
41. i 43. i . (fog) (x) = tan(4x) (gof)(x) =4tanx (feg)(x) = —2cotx (gof)(x) = cot (—2x)
y . y y y
() A I a
\ [N JUE e
/ Sl IR )
fiis” e TS e
T\ 4\ | (A (A
% 5 ’
49. - 1) 4 53. vy y
=, 1. (a) L(9) = = e s cedre
Y <1' - S1- @) L(8) cosf  sin6 & ”ﬁ, f St
g (= 0): =3sech + 4dcsch U SIS (A
S/as (¢) ~0.83 (d) ~9.86 ft FHA R e *
[ e i
©,0 (. —1 t |
| il 0 w e ny -
i (3w -2 L Z y = —cot <x+%>
S

54.$10,580.11 55.-1,0 56.{-1,3} 57

-6 18x

O, —2)$
e NN

6

6.6 Assess Your Understanding (page 439)

1. phase shift 2. False
3. Amplitude = 4
Period = 7
. T
Phase shift =
2
3
ney
o e

NN AT A

N

\[J /AN
2 =WVN
I

3
@0 (57 (2’°>
T

9. Amplitude = 4

Period = 2
Phase shift = ——
1 2 \ (1 _2 _5>
-=, = y ﬂ"
(2 T JITh -
AR
\/ ] / 2
2-%,-5
<_l_£ _9\ | \\ - )
2w Ny H
Ll \! (3 2

1

27. Period = —
eriod 5 s
Amplitude = 120 amp

Phase shift = —

1
120

~

&7

=~

5. Amplitude = 2 7. Amplitude = 3

2w Period = 7
Period = —
3 Phase shift = ——
Phase shift = —%
,,J,,(E’ 3>, (3’7, 0)
357 (e S aAY
( )JF%;* 1 ‘3 i I\ f
(0,0) ‘ x
At (_%,0\ (@, -3
Y 1 L H
a Ni/r \Y5m ©.=3 \4
(Gma) (5 7

11. Amplitude = 3 13. Amplitude = 3

-l D)o

Period = 2 Period = 7
Phase shift = = Phase shift = % y =2sin(2x — 1)
s
2
<£,S> <_%, ) (%,3) 17.y = 3sin 3\ X3
ko
2 2+ 3,8) >
\ kg 3 > 3 . 2
/ [y <——ﬂy ) (T’()) y = 3sin *x+*
I / 2 4 u \ 3
AL (1+22) .
\T i / /
7 Hs (= —3)? (m,-3)
| (74l 1]

25. 3
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2
(b) y = 23.65 sin {%(x - 4)} +51750r y = 23.65 sin(%x - %) +51.75

(d) y = 24.255sin(0.493x — 1.927) + 51.61

24 24
33.(a)2:37pm  (b) y = 2.2 sin {ﬁ(x +0.9042) } +3.070ry =22 sin{ﬁx + 0.4575} +3.07 (c)2.51ft
35. (a) —1615'(2—77 —139>+12135 37. (a) —696'(2—17 —139)+1241
- (@) y = 1.615sin| - x . . - (a) y = 6.96sin| =< . .
(b) 1242 h (b) 13.63 h
© y, (c) "
20i 20i
EaEEss i
10||' B 10! P
i L
150 280 420 x 150 280 420 x

(d) The actual hours of sunlight on April 1,2015, were 12.43 hours. This (d) The actual hours of sunlight on April 1,2015, were 13.35 hours. This
is close to the predicted amount of 12.42 hours. is close to the predicted amount of 13.63 hours.

2 — 2
Y79 49.612% 43.y = 2x —3or2x—3y=9 44.2V/13

anf7 () == 3

Review Exercises (page 446)

3 1 3V2 4V3
1. 777 2. % 3.135° 4.—-450° 5. > 6. ?\[ — T\/ 7.-3V2-2V3 83 9.0 10.0 1.1 121 13.1 14.-1 15.1
3 4 5 5 3 e 12 __5. __B __B _ S
16. cos6 = 5 tanf = 3 csch = I’ sech = 3 coth = 1 17.sin6 = 13,(:050 = 13,(:3(:(9 = 12,SGC9 =775 ;coth = )
3 4 3 5 4 5 12 13 13 5
18. sinf = g; cosf = —g; tanf = _Z; csch = g; coth = ) 19. cosf = _E; tanf = —?; csch = E; sech = —?; coth = 1
12 5 13 13 12 V10 3V10 V10
20. = = = = . = . = —2 21.sinfh = — ~— =Y = —V10: =Y. =
0. cos 6 13,tan@ 12,cscé? 5,sec& 12,00’[0 5 sinf 0 5 cos 6 10 ; cscl \/T),SCCG 3 ;cotf = 3
2V2 1 2 2
22.sinf = —T\/; cosf = g; tanf = —2\6; csch = —%; cotf = —%
23.sinf = ﬁ; cosh = —M; tanf = —l; csch = \/5; sech = —ﬁ
5 5 2 2
24. - 25. 4/ 26 y
46 5 J
TV} / fi |/
7 X Y ymid Ty
LY . 3 [y ?
o I LLild i
T 3w\

(s ) Domain: (— 00, 00) . km . .
Domain: (- 0o, o) Range: [—3, 3] Domain: {x x # > k is an odd mteger}
Range: [ -2, 2] Range: (—00, 00)

27. " x=%—: 28. ’ x=3%" 29. y T
i : o

\ \ \ \

X

=

_a X 3 (7, —
R R . \ 2

Fda

Domain: {x x # % + k-g, k is an integer} Domain: {x x # —% + k, k is an integer} Domain: {x

k
x # Tﬂ-, k is an odd integer}

Range: (—00, ) Range: (—o00, 00) Range: {y|y = —dory = 4}
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3. 31 v 2.
it 25|

’
L E Il
A

Domain: (— 00, 00)
Range: [—6, 2]
Range: [y|y = —lory = 1} Range: (—00, 00)

=
=

. T . . 3
Domain: {x X # vy + km, k is an mteger} Domain: {x X # TW + k-3m, kis an integer}

2
33. Amplitude = 1; Period = 7 34. Amplitude = 2; Period = 3

35. Amplitude = 4 36. Amplitude = 1 1 . 2
fpitude m.p tude 37. Amplitude = — 38. Amplitude = —
Period — 27 Period = 4w 2 3
3 Phase shift = —7 Period = 37 Period = 2 ;
Phase shift = 0 y 3 ) Phase shift = —
£ Phase shift = — T
) (%y“), y 3 o
5o ( X Yy :EI \ A\ 12
\ N Fi2s
\ |
X
R ERVFARE \ NEVER
=(Z, -4 x
5

aw
- X

4

39.y = 5cos§ 4.y = 77sin(

) 41.0.38 42.1.02 43. Sine, cosine, cosecant, and secant: negative; tangent and cotangent: positive

V2

; 0= —-3;cot = ———
1 sec ; co 2

2V2 1 2
44.1V  45.5sin 0 :T\/;cose = —g;tane = —2\/£;csc6 = 3\/

5V2 2V2 5
46.sint=$,cost= T 9,tant= 5 47.Domain:{x

48. (a) 32.34° (b) 63°10'48"
1
49.z ~ 1.05 ft;g ~ 1.05ft> 50.87 ~ 25.13 in.;% ~ 16.76 in. 51. Approximately 114.59 revolutions/hr

x # odd multiple of g}, range: {y||y| = 1};period = 27

3
52. 0.1 revolution/sec = %radian/sec
€L ©
53. (a) 15 e 00
(b) 220 & "
1 o y
(c) — 130 a .
@ S T i %0 i
220 K (d) y = 19.81sin(0.543x — 2.296) + 75.66
Vo (b)y = 20sin| —(x—4) | + 750r
‘I |‘| 6 (e) NORMAL FLOAT AUTO REAL RADIAN MP n
¢ 2 00
" % y=20sin(3x—l)+75
-220 H 6 3
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AN-54 ANSWERS Chapter Test

Chapter Test (page 448)

1 2 1 1 1 3(1 — V2
1. 1B —& 3. 13m 4,-22.5° 5.810° 6.135° 7.—- 8.0 9.—— 10. —ﬁ 1.2 12. g 13.0.292 14.0.309
9 9 180 2 2 3
3
15. —1.524 16.2.747 17. sinf | cos® | tan@ | sechd | csch | cotd 18. 5
finQl + + + + + +
0in Qll + — - - + —
fin Qlll — = + - — +
fin QIV — + — + — —
2V6 5V6 7 7V6 2V6 V35 V5 3V5
19. - _Zv-. - _ v - _. - Y. = -2 20. B - _ = - . - _ V-,
9. cos b 7 an 0 o ;csc O 5,sec@ B ;cot 6 5 0. sin 6 3 stan 0 ) ; ¢csch 5
3 2V5 R 12 5 13 13 5 7V53 5V146 1
se00—2, cotf = — 5 21. sm6—13,cost9— 13,0506—12,sec6— 5,cott9— 2 22. 53 23. 146 24. >
. 37
25. y 26. (—m,3)y4(0,3) 27.y = —3sin| 3x + vy
/
_ 2 (7 \
(_&,’ 0) (\wa D (7”’ 0) 28.78.93 ft?
2 X % 29. 143.5 rpm
Lo T - IR
(-7.-2) ’;’f")
Cumulative Review (page 449)
1
1.{—1,5} 2.y —5=-3(x+2)ory=-3x—-1 3.2+ (y+2)2=16
. 2. . .
4. A line; slope g; intercepts (6,0) and (0, —4) 5. A circle; center (1, —2); radius 3 6.  yy
y y |HEN
S A e\
©,0) 7 XN
\ x 3,2) |-
— I
P X, EESLIE
A EEEEH
7. (a) y (b) y (c) y () y (e) y () o yi
[THhlk AT [T T yunn| [ Y 1T R ] 4. 1721
ulnd KL 11 =P J N [ H} ”/El, | ,4’)
\ / HHHHH i‘(l“l‘ HHH fHH HH (e, 1) 2" ) AT
,,(‘0‘,0\ S 1\ /e ‘(1‘,‘0 iE (0, 0) (0, 0)
-1 _‘1\‘ 2.5 x -L ?/] } \’\ \, ™ \ *
L1 (LR)) ¢ o [0, 1) - * i * <_Z’_1‘ i
OO 2R Y ERERRAREER-L (__,_1\ REEaRE
2 )
[+
D
1 3V3
8. '(x) == (x+2) 9.-2 10 . ns- Y3 12.y = 2(39) 13.y:3cos(1x)
3 35 2,3),1_,0 2 6
~ 2 75| \2’
FEATIA A
H Vo
L~ 1 x
701 NS
3 A )
<_z,_> ©.0)
4
14. (a) f(x) = —3x — 3; ) f(x) = (x — 1) = 6:(0,-5), (¢) We have that y = 3whenx = —2andy = —6 whenx = 1.
m = —3;(-1,0),(0,-3) (—V6 + 1,0), (V6 + 1,0) Both points satisfy y = ae*. Therefore, for (—2,3) we have
3 = ae™?, which implies that a = 3e2 But for (1,—6) we have
[m= z i 2 . —6 = ae', which implies thata = —6e~!. Therefore, there is no
(_}2}’ }3 }’ \ (_Hz’ﬁ’ . ‘:'{3‘,"‘,5’ 0 exponential function y = ae* that contains (—2,3) and (1, —6).
(=L 0\ x (—1.45,0)\ [15x
©,-3) y
\d. "0
) i a, =6
x+2)(x—=3)(x—5
15.@) f(x) = H(x +2) (x =3) (= 5)  pyR(x) = DT ETI)
3(x —2)
1};} 1T ] y? 1]
Moo g ol
-2,0 /1IN /5.0) =20/ L (50
e o6t x N >
i oo
- Copyright 2017 Pearson Education
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CHAPTER 7 Analytic Trigonometry
7.1 Assess Your Understanding (page 462)

.x=siny 8.0=x=m 9.-00<x<oo 10.F 1LT 12.T 13.d 1d.a 15.0 17.75 19.0 21.% 23.% 25.5?” 27.0.10 29.137
4 1
31051 33.-038 35.—0.12 37.108 3,9.?7T 41.—%” 43.—% 45.% 47. —% 49.% SL% 53.Not defined 5. 57.4  59.Notdefined 61 7
-1 1 X2 = 1 x -1 —1
63. f " (x) =sin 5 65. f(x) =gcos |- 67 f 1 (x)=—tan'(x +3) — 1
. _ — H -1 _ (_
Range of f = Domain of ! = [—3,7] Range of f = Domain of f 1 = [—2,2] Range of f = Domain of f (—00,00)
R B R f*1:<—1—33—1)
Range of f —{ 2,2} Range of f 1={07§} ange of f )
1 2 1
69.f"(x)25{sin’ (g)—q 71. {%} 73.{—1} 75.{\V/3} 71.{-1}

R ff = Domainof f~! = [—
ange of f °mfm° f . (7331 39 @) 1392hor 130,55 min  (b) 12h  (¢) 13.85 h or 13 h, 51 min
T 7Tj|

Range of f~! = {77 - ==+ 81.(a) 13.3hor13h,18 min (b) 12h (c) 13.26 h or 13 h, 15 min
2 4 2 4 83.(a)12h (b)12h (c)12h (d)Itis12h. 85.3.35min

5 log 7
87. (a) %square units  (b) % square units 89.4250 mi  91. {%} 92. The graph passes the horizontal-line test.

93. ' (x) =log,(x — 1) 94.73 e T Zy=x
: Wi
2210, )£ 2
X
7.2 Assess Your Understanding (page 469)
4.x =secy;=1;0;m 5.cosine 6.F 7.T 8T 9. % 11. —73 13.2 15. \6 17. —% 19. %ﬁ 21.3777 23. —% 25. ? 27. ?
V14 3V10 2
29. —— 3L *i 33.V/5 3s. -z 37 T 39. -z 41. T 43. = 45.132 47.0.46 49.-034 51.2.72 53.-0.73 55.2.55
2 10 4 6 2 6 3
1 u u?—1 ur—1 1 5 3 3 5 S
57. 59. 6l. 63. 65.— 67.— 69.— TL..—— T73.— 75.— T1.-VI15
V1 o+ u? V1 - u? [u| Ju| u 13 4 4 13 6
79. (a) 6 = 31.89° (b) 54.64 ft in diameter (c) 3796 ft high 81. (a) 6 = 22.3° (b) v, = 2940.23 ft/s
T S

87. —5i,5i,—2,2 88.Neither 89. 7 90. E 7.851in.

7.3 Assess Your Understanding (page 477)

T 1o T 117 37 T 27 4 37 57 7 27 4 Sm
7F 8T 9.T 10.F 11.d 12.a 13. {?’T} 15. } 17. {7 7} 19. {?’?} 21. {T’T} 23, {E’?’?’?}

7 37 Sw Imw 7 7o 17 m 27 4w Su 47 87 167 37 T 117
5. 1’7’7’7} 27 {??T} . {5’???} 3 {?’?T } 3 {T’T} 35'{7}

S5 a 57 137w 177 257 297w S5 57 117 177 237 297 35w
. =—+ —+ e T 39, =+ e
37{0‘9 2k, 6 6 2kﬂ'}’6’6’6’6’6’6 39{9‘0 5 kw}’6’6’6’6’6’6
T 3 o 37 57 7w 97 11« T 21 a 27 47 Sw Tm 8w
41. =—-+2 =—+2 Ay A Ay — 43. =+ =—+ T T s o
{0’0 y THmO="5 k”}’z’z’z’z’z’z 3{6‘0 3 Tkmo=" k”}’3’3’3’3’3’3
8 10 87 10m 20m 22 327 34
45. {0’0 =Ty dkm o= —Z + 4k7};%, Tﬂ ?“ Tﬂ TWTW 47. {041,273} 49. {137,451} 51 {2.69,3.59} 53.{1.82,4.46}
a 2 47 37w a To 117w T S a 27 47 37w T S5
55.{2.08,522} 57.{0.73,2.41} 59. {5, T 7,7} 61. {E’ ?’T} 63. {o, I’T} 65. {5, S ?,7} 67. {m} 69. {Z’T}
71 {0, % w%”} 73. {% %”, 37”} 75. {g} 77. {0} 79. {%%’} 81. No real solution 83. {—1.31,1.98,3.84} 85. {0.52}
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2w 47 5
87. {126} 89.{—1.02,1.02} 91 {0,215} 93.{0.76,135} 95. g?’r ?”7”
117 77 = 57 137 17w
97. (a) —2m, — 7,0, 7, 27, 37, 4 b o o 2w 2
(@) —2m, —7, 0,7, 2m, 37,47 (b) <5ﬁg>(13_wg> (c){ o 6’6’6’6’6}
n 6/ RN @ {x 117 ‘< .7 - S o 137 1777}
w3 17m 3 — ——or— —or——
(—Tv;) 5k (—,5) 6 6 6 6 6
4
A
1 X
_711- 3 \l/ \\l AW
( N E) \
= 3
62
™ . . ™ ™ T T
. =—+ —<x< —— ——
99. (a) {x X 7 kar, k is any 1nteger} (b) ) X 7 or( > 4)
T S 27 4
101. (3)9 (d) (5__“ z) (b) {E» E} 103. (3)9 (d) JySL ‘&?(‘" =2cosx +3 (b) {?,?}
12° 2 mi W 4
yq T . (2_“’2>‘*—— V&ééf’<Tﬁ’2>
= 7\ 4 3
120 2 )= g(x)—i / \2m x
T fx) = —4 cos x
-y
FEE f(x) = 3sin(2x) + 2

(c) {x
ofrin(z3)
TV T2 "2

105. (a) 05,0.435,0.86s (b)0.21s (c) [0,0.03] U [0.39,0.43] U [0.86,0.89] 107 (a) 150 mi (b) 6.06, 8.44,15.72,18.11 min
(¢) Before 6.06 min, between 8.44 and 15.72 min, and after 18.11 min (d) No 109. 2.03,4.91

111. (a) 30°,60° (b) 123.6 m 113.28.90° 115. Yes; it varies from 1.25 to 1.34. 117. 1.47

in 6
m  119. If 0 is the original angle of incidence and ¢ is the angle of refraction, then :llr]l ) =n,.
i
The angle of incidence of the emerging beam is also ¢, and the index of refraction is —.
n

Thus, 6 is the angle of refraction of the emerging beam.

o a0t
- + V
123. x = loggy 124. M, M 125.tan 6 = —l; csch = —\/16; sech = 10; cotf = =3 126. Amplitude: 2
4 4 3 3 Period: Y- .
eriod: m mEEn H
Phase shift: i .
2 N =
1 1
| NN i
7.4 Assess Your Understanding (page 487)
+ si ing +
3.identity: conditional 4.1 5.0 6.T 7F 8T 9.c 10.b 11— 1317500 45 1 172 19,2500+ 1
cos 0 cos 6 sin 6 cos 6 sinf + 1

1 0
21.cschcos = ——-cosf = 0 =coth 23.1+ tan’(—60) =1+ (—tan)?> =1 + tan’H = sec’d
sin 0 sin 0

sinf  cos@ sin®@ + cos® 0) ( 1 ) 1
25. 6(tan6 + coth) = 0 + e o —— | = ol ——— | = = 0
cos 6 (tan cot§) = cos (cos 6 sin6 ) cos ( cos 0 sin 6 cos cos 6 sin 6 sin 6 ese

27 tanucotu — cos’u = tanu - —cos’u =1—cos’u =sin*u 29. (sech — 1) (secf + 1) =sec’d — 1 = tan’ 6

tan u
1
31. (sech + tan ) (secd — tan @) = sec’d — tan’9 = 1 33.cos>0(1 + tan’g) = cos’# sec’d = cos’f- By =1
cos
35. (sinf + cos0)? + (sin@ — cos B)% = sin?f + 2sin A cos @ + cos’# + sin*f — 2 sin  cos 6 + cos’ @
=sin?6 + cos’f + sin*0 + cos’d =1+ 1=2
37.sec*f — sec?d = sec?f(sec’d — 1) = (1 + tan’@) tan’0 = tan*g + tan’6
1 sinu 1 —sinu 1+sinu 1 —sin’u cos’u cos u
39.secu — tanu = - = . = p = p = p
cosu  cosu cosu 1 +sinu cosu(l +sinu) cosu(l+sinu) 1+sinu

41.3sin’0 + 4 cos’0 = 3sin*0 + 3 cos’f + cos’f = 3(sin’f + cos’f) + cos’f = 3 + cos’ 0
cos’9 _ 1—sin’g  (1+sin6)(1—sing)
1+ sin6 1+ siné 1+ sin6

43.1 — 1—(1—sinf) =sinh
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1+ 1 cotv + 1 1
1+t t t ty + 1 0 in 6 0 in 6
45. v _ cov__cotv ooty 7.Sec Smu _ &8 +tan6=&+tan0=tan0+tan0=2tan9
1 —tanv _ 1 cotv—1 cotv—1 csch  cos6 1 cos 6
cotv cotv sin 6
1 csch + 1
. 1+ e
1+sin6 cscd  csch  csch+1
"1 -—sing | 1 csch—1 csch—1
csc csc
1 —sinv cos v (1 —sinv)?+cos®v 1 —2sinv + sin’v + cos?v 2 —2sinv 2(1 —sinv) 2
51. - = - = - = - = - = =2secv
cos v 1 —sinvy cosv(1l —sinv) cosv(1l —sinv) cosv(l —sinv) cosv(l —sinv) cosv
53 sin 6 -~ 1 - 1 _ 1
“sin@ —cos® sinf — cos 6 1_cos9 1 —coté
sin 6 sin 0
1 2sinf sin?0 1 —2sin@ + sin® 6 1 —sing)? 1 —sin6)?
55. (sech — tan §)? = sec’@ — 2secHtan § + tan’H = o 51121 sz = sz e =( ,2) = (. ).
cos’f  cos’f  cos’f cos” 1 —sin®0 (1 —sin@) (1 + sin0)
1 —sinf
1+ sin6
cos 0 sinf  cosf sinf cos 6 sin 6 -~ cos’ 6 sin® 6
‘l—tan® 1—cotd sin 6 _cos cosf —sinf sinf —cosf cosf —sin sinf — coso

cos 6 sin 0 cos 6 sin 60
cos’f — sinf  (cos@ — sin @) (cos 6 + sin 6)

=sinf + cos b

cos f — sin cos f — sin
cos 6 sin 6 cos 6 sin@(1 +sinf) + cos’d  sin@ + sin’ 6 + cos® O sinf + 1
59.tanf + ————— = - = - = - = - = = sech
1+sinf cosf® 1+sin6 cosB(1 + sin ) cosf(1 + sinh) cosf(1 +sinf) cos@
ol tan 6 +secf — 1 tan6 + (secf — 1) tanf + (secf —1) tan® @ + 2tan @ (secd — 1) + sec?d — 2sech + 1
“tanf —secH + 1 tanf — (secf — 1) tan6 + (sech —1) tan’ @ — (sec?6 — 2secd + 1)
B sec’@ — 1 + 2tanf(secd — 1) + sec’d — 2sech + 1 _ 2sec’d — 2sech + 2tanf(secd — 1)
sec?0 — 1 — sec? + 2sec — 1 —2 + 2secf
2secO(secH — 1) +2tanf(sech — 1) 2(sech — 1) (sec + tanh)
= = = tan 6 + secf
2(sec — 1) 2(sec — 1)
sin 6 _cosf sin® 6 — cos’ 6
tan —cotf cosf sin@ cos 0 sin 6 sin*f — cos’0 . , )
. = — = = = sin“ 6 — cos” 6
tanf + cotf  sinf N cosf  sin’6 + cos’6 1
cosf  sinf cos 6 sin 6
sin u _cosu sin® . — cos’ u
tanu — cot cos sin cos u sin . . .
. “ 1= - “ u+1:#+1:smzu—coszu+1:sm2u+(1—coszu):251n2u
tanu + cotu sin u N cosu sin u + cos? u
cosu  sinu cos u sin u
1 N sin 6 1 +siné
secf + tanf cosf cosf cos 6 _1+sing sin 0 _sinf 1 — tan 0 sec 8
“cotf + cos  cosd + cosf cos 6 + cos fsin 6 cos 6 cos@(1l +sinf) cos® cosb
sin 6 sin 6
1 — tan’ 6 1 —tan’6 + 1 + tan’ 0 2 2 )
. 3 = 5 = o= 5 =2cos 0
1+ tan“6 1+ tan“6 1+tan“6 sec” 6
sec — csc 6 sec 6 csc 1 .
= - =— — =sinf — cos
sec 6 csc O secf csc 6 secfcsch  csch sec 6
1 1—cos’8 sin’6 sin 6 .
73.sec —cosf = —— —cosf=—— = — = 6+—— =sinftan O
cos 6 cos 0 cos 6 cos 0
1 1 1+sinf+1—sinf 2 2 )
. " + - = - - = = = 2sec” 0
1—sinf 1+sind (1+sin0)(1—sinh) 1 —sin20 cos’h
” sec 6 _ sec 6 1+sin0_SeCG(l+Sin9) _sec0(1+sin0) _1+sin9
‘1—sin® 1—sin® 1+sinf 1 — sin?6 B cos? 6 B cos® 0
2 _25inv
(secv —tanv)2+ 1 - sec’v —2secvtanv + tan’v + 1 _ 2sec’v — 2secytan v - cos? y cos? v 2 —2siny sinvcosv
“cscv(secv — tanv) 1 ( 1 sinv) 1 (1—sinv) 1—sinv cosZ v 1—sinv
sin v \ cos v cos v sin v cos v sin v cos v
2(1 —sinv) sin v 2sinv
= . - = =2tanv
cos v 1 —sinv cos v
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cosf sin® 6 + cos® 6 - 1

sin 6 + cos 6 sin9—c056_sin9+
sin 0 cos 6 sin 0 cos 6 sin 0

81. - =
cos 6 sin 0 cos 0

1-1+

=secfcsch

sin® 6 + cos’ @ (sin@ + cos ) (sin’ @ — sin § cos § + cos §) L ) . .
= =sin“6 + cos" 0 —sinfcosh =1 — sin 6 cos 6

.

sin@ + cos 6 sin @ + cos 6
2 2 2 2 2 ‘2
cos“f —sin“f  cos“f —sin“6H _ cos” 6 — sin” 6§
85. 5 = = =— — = cos’
1 —tan“ 0 1_sm@ cos” 0 — sin” 6
cos? 6 cos? 6
2cos’f —1)2 2cos’f — (sin® @ + cos®6) ]? cos? 0 — sin® 0)?
.( S ,4) _ > .2( > .)2] _ 5 .2) =cos?0 —sin*f = (1 —sin*9) —sin0 = 1 — 2sin’ 9
cos” @ — sin” 0 (cos™ 6 — sin” 0) (cos” 0 + sin” ) cos” @ — sin” 0

1 +sin6 +cos® (1L+sinh) +cos® (1+sinh) +cos® 1+2sinf+sin’f + 2(1 + sinf) cosb + cos’ §
“1+sin0—cos® (1+sinh) —cosf (1+sinf) +cos 1+ 2sin6 + sin® 6 — cos’ 0

1+ 2sinf +sin®6 +2(1 +sinf) (cos ) + (1 —sin”0) 2+ 2sin6 + 2(1 + sin ) (cos )

1+ 2sin6 + sin®6 — (1 — sin?9) 2sin 6 + 2sin’ 0
_ 2(1+sin6) +2(1 +sinf) (cos®) 2(1+sin6h)(1+cosd) 1+ cosd
B 2sinf(1 + sinf) ~ 2sinf(1 + sinh) ~ sin#

91. (asin® + bcos#)> + (acos® — bsinh)? = a®sin’> @ + 2ab sin 6 cos 6 + b cos> O + a* cos> § — 2ab sin 6 cos 6 + b*sin’ 6
= a® (sin® @ + cos’> §) + b (cos’ 6 + sin® §) = a® + b>

tanae +tanB tana +tanB tana + tanpf tan « tan B
. = = = (tana +tanB) - —————— = tanatan B
cota + cot BB 1 1 tan B + tan «

tan « + tan B
tana tanp tan « tan B

95. (sina + cos 8)? + (cos B + sina) (cos B — sina) = (sin*a + 2sinacos B + cos> B) + (cos’> B — sin® &)
=2cos’B + 2sinacos B = 2cosB(cos B + sina) = 2cosB(sina + cos B)

97.In|sec §| = In|cos ]! = —In|cos 6]

99.In|1 + cos §| + In|1 — cos | = In(|1 + cos6]|1 — cos8]) = In|1 — cos?> 6 | = In|sin’9| = 2 In]sin 6]

1 cos’x 1 —cos’x sin® x . sin x .
101. g(x) =secx — cosx = —cosx = - = = =sinx.—— =sinx-tanx = f(x)
Cos X Cos X COs x cos X Cos x COos X
1 —sin6 cosf 1 —sinfh 1+sinf cos) cosf 1 — sin’6 cos? 6

103. f(0) = = - = _
1(9) cos 6 1+ sin6 cosf 1 +sinf 1+sinf cos® cosf(1l+sinfh) cosf(1+sinf)

_ cos’ 6 B cos’ 6 = 0=2g(0)
cosf(1 +sinh) cosH(1 +sinh) §

105. V16 + 16 tan’0 = V16 V1 + tan?0 = 4\V/sec? 6 = 4 sec 6, since sec # > 0 for —g <h< g

1 2 1 2 ) 1 2 — cos? 6 1200 (1 + 1 — cos® 6
107. 1200 sec§ (2sec?6 — 1) = 1200 ( - 1) = 1200 ( - ) = 1200 ( cos > - ( - )
cos 6 \ cos” 6 cos \cos*  cos” O cos 6 cos” cos® 0

1200 (1 + sin*60)

cos’ 0

~ _x-l N0 = 2 cosf= —Ztanf = —csch = Desechd = —Becotd = — 2 2
113. Maximum, 1250 114. (f g)(x)—xf2 115.sm0—]3,cos6— 13,tanO— 12,0506— 5,se00— ]z,cote— 5 116. .

7.5 Assess Your Understanding (page 499)
5.~ 6.— 7F 8F 9.F 10.T 1l.a 12.d 13.7%(\/2+\/6) 15.2 - V3 17.%(\/6+\[2) 19.%(\/7\[6)

21.*%(\/8+ V2) 23.V6- V2 zs.% 270 29.1 31.-1 33.% 35.(a)2;56 (b)112\5/§ (c)Z\f @2

4-3\3 —3-4\V3  4+3\V3 25V/3+48 5+12V3 12-5V3 —5+12V3 —240 4 169\/3
37. (a) 10 (b) 0 (c) 10 (d) 9 39. (a) — 5 (b) S © - @ 2
41'“')*2\3/i ® 72\/£6+\/§ © 72\/?\/5 (d)97;1\/i 43.1762\@ 45.\[;2\6 47.8\/%9\@

T .o T . .
49.sm<5+0>=sm500s0+00555m0=1-cosO+0-sm0=cos¢9

51.sin(7 — @) = sinacosf — cosmwsinh = 0-cosf — (—1)sinh =sin@
53.sin(7 +60) =sinmcosh + cosmsinf = 0-cosf + (—1) sinh = —sin 6
tan 7 — tan 6 0 —tan@

55. t -0) = = = —tan 6
an (m ) l+tanwtan® 1+ 0-tan6 an

3 3 3
57. sin(Tﬂ- + 9) = sin%cos@ + cos%sin@ = (—1)cosf + 0-sinf = —cos @
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59.sin(a + B) + sin(a — B) = sinacos B + cos asin B + sin acos B — cos asin B = 2 sin a cos B

sin(a + B) sinacosB + cosasinB sinacosfB  cosasinf

61. =1+cotatanp

sin & cos B - sin & cos B " sin a cos B sinacospP

cos(a+ B) cosacosPB —sinasinf cosacosB  sinasinf

63. = = =1 - tanatan
cos acos 3 cos a cos 3 cosacosf3  cosacospf B
sinacosPB +cosasinf  sinacosfB  cosasinf
65 sin(a + B)  sinacos B + cos asin B cos a cos 3 cosacosf3 cosacosf tana + tanf

sin(a — B) B sin a cos 3 — cos a sin B " sinacosB —cosasinf  sinacosB  cosasinf tan a — tan 3

cos a cos 3 cosacosf3  cosacospf

cosacosB —sinasinf3  cosacosB sinasinf

cos(a +B) cosacosB — sinasinf sin a sin B sinasinf  sinasinf  cotacotf — 1

67. cot (a + = — - - = — - = — - =
( A) sin(a + B) sinacosPB + cosasinfB sinacosPB + cosasinf8 sinacosfB cosasinf cotB + cota

sin e sin B sinasinfB  sinasinf
1 1 1
1 1 sin a sin B sina sin 3 cscacsc B

69. sec(a + = = - = - - = - - =
( p) cos(a+ B) cosacosPB —sinasinf cosacosB —sinasinf cosacosfB sinasinf cotacotp —1

sin a sin B sinasinfB  sinasinf

71.sin (e — B) sin(a + B) = (sinacos 8 — cos asin B) (sin @ cos B + cos asin B) = sin’a cos’ B — cos’ a sin’ B
= (sin*a) (1 —sin’B) — (1 — sin’a) (sin®B) = sin*a — sin’B

73.sin(0 + k) = sin 6 cos k7 + cos Osin kmr = (sin#) (—1)% + (cos @) (0) = (—1)*sin 6, k any integer
+
R R e S P i g

2 25 65 65 39
- V1 -u®V1-?

uV1—-v:—v uv
— — —oo<u<oo—-l=vy=1 91

o T T 117
3 —l=u=1l-1=sv=1 93 {—f} 95. {—} 97. {7}
V1 + u? vW1—u?+uV1-—? 2°6 4 6

P _ . . . w w
99, Let = sin 'v and B = cos ' v. Then sin @ = cos B = v, and since sin @ = cos<5 - a>,cos<5 - a> = cos B.

89.

Ifv=0,then0=a= %, SO (g — a) and B both lie on {O,g}. If v < 0, then —% =a<0,s0 (g - a) and B both lie on (g, 77}.
Either way, cos(g - a) = cos 3 implies % —a=pB,orat+p= %
101. Leta = tan’l% and B = tan 'v. Because v # 0, a, B # 0. Then tan o = % = tan B = cot B, and since
tan o = cot(% - a), cot(g - a) = cotB.Because v > 0,0 < a < %’ and so (g — a> and B both lie on (O, g)

Then cot(g - a) = cotBimplies%— a =B, ora= g - B.
103. sin(sin” 'v + cos 'v) = sin(sin 'v) cos(cos ' v) + cos(sin !v) sin(cos 'v) = (v) (v) + VI —1*PV1I -2 =y2+1-12=1

sin(x + h4) —sinx  sinxcosh + cosxsinh —sinx cosxsinh — sinx(1 — cosh) sinh . 1 — cosh
= = =cosx- —sinx+———
h h h h h
tan(tan"'1 + tan"'2) + tan(tan"'3)

1 — tan(tan '1 + tan"'2) tan(tan !3)

107. (a) tan(tan '1 + tan !2 + tan"!'3) = tan((tan '1 + tan '2) + tan !3) =

tan(tan '1) + tan(tan '2) 142 3
B 1 — tan(tan '1)tan(tan"'2) B 1_1.2+3 3 ?1+3 3430 o
tan(tan"'1) + tan(tan '2) (- 1*2 o _3 5 1+9 10
B : 1-1-2 -1

1 — tan(tan '1)tan(tan"'2)

(b) From the definition of the inverse tangent function, 0 < tan 11 < %, 0<tan'2 < %, and 0 < tan™'3 < %,

3
so0 < tan "'1+ tan '2 + tan’]3<7.

3m
2
tan 6, — tan 6, my — my

109. tan 6 = tan (6, = 6,) = 1+ tan@tan 6, 1+ mum,

On the interval <0, ) tan § = Oifand onlyif @ = . Therefore, from part (a), tan ~'1 + tan ~'2 + tan '3 = 7.

111. 2 cot (e — B)

2 2(1 +tanatanB>

:tan(a—ﬁ) - tan « — tan f3

2<1+(x+1)(x—1)>:2< 1+x2—1> 2w,

(x+1) = (x—-1) x+1-x+1) 2 °*
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03 1) e

113. tan E is not defined; tan(* - 0) = = cot#.

sin 9
cos( )

114. (—% —g) (-5.1) 115.510° 116.97#cm2:=14.14 e 17 sing = —2

5 V5 1
5 5 ,CSCO——T,SCCB—\/g,COtG——E

7.6 Assess Your Understanding (page 509)
1.sin%6; 2 cos?6; 2sin*6 2.1 —cos® 3.sin6 4.T 5.F 6.F 7b 8.c

24 7 V10 3V10 24 1
@ B @ @ @5 O

24 24
LG 0 © \/5 @ —ﬁ @-2 ®-2

V2 1 /3 6 6 3+
13. (a)—T M3 © +6\/ ) 6\/ e —2V2 () \\; or V5 +2V6

4\6 7 V3 Ve w2 V2

15. (a) (b) ) (c )? (d)T (e )—T (DT
4 3 5+2V5 5-2V5 4 5+2
17. (a) -3 (b) 5 (c) \/ 10 (d) 10 (e) 3 ®) 9+4V5
B> -t ol /10 - V10 @1 10 + V10 () _ Jro-Vio \/11—2
"WTs 5 93 5 )73 5 ¢ 10+\/ﬁ
_ Vo - 10(5 - V5
21.27\/i 23.1-\V2 25— 2+ V3 2~ - V)V2i V2 29.—27\6 3.4 33.(7\/)
2 2 RV 2 5 10
4 V10 \/E a1 cos(20) 1 5 11 1,
35.§ 37 _§ 39. 7 41. ———— 43.sin" 0 = (sin°0)° = (T) =7 [1—2cos(20) + cos” (20)] = 773 cos(260) + 7 cos (26)
11 1 1+cos(40) 1 1 11 301 1
= 173 cos(20) + 7 <f> ZZ 5 cos(20) +§+ 3 cos(40) = s 2 cos(20) +§ cos(40)

45.cos(30) = 4cos’d —3cos 47.sin(50) = 16sin’H — 20sin’ 6 + 5sinf 49.cos*d — sin*d = (cos?@ + sin’ ) (cos>6 — sin’) = cos(26)
1 cot?f — 1

1 e ' ot 2 20— 1 cotd cot?6—1
51. cot (20) = _ _ cot"f _ _cot"f _ co Jcotf cot®f — 1
tan(20) 2tan 6 1 2 cot? o 2 2cotf
(cot0> coth
1 1 1 sec’ 6
53. sec(20) _005(29) _200520—1_L 1 2—sec 0 2—sec 0
sec’ 0 sec?

55.cos?(2u) — sin®*(2u) = cos[2(2u)] = cos(4u)

- cos(20) B cos? 0 — sin? 6 _ (cos —sinf) (cos @ + sin 6) _ (cos —sin @) (cos @ + sin b)) __cosf —sin@
1 + sin(26) " 14 2sinfcos® sin? @ + cos? 6§ + 2sin 6 cos 6 N (sin @ + cos 0) (sin 6 + cos ) " cosf + sin b

cosf —sinf cosf sinf

-~ sin 6 _sinf sinf coth — 1
cos 6 + sin 6 coso+sin0 cotf + 1

sin 6 sinf  sin6
0 1 1 2
59. 27
se¢ ) 9) 1+cos0 1+cos€
cos 2
14 1 secv + 1
6L cot2” = 1 _ 1 _1+cosv secv.  secv _secv+1 secy  secv+1
: 2 v 1 ——cosv 1 —cosv 1 secv — 1 secv secv—1 secv—1
tan’( — P 1-— —
2 1+ cosv sec v secv
l—tanz(g> 1 -cosf 1+ cosf — (1 —cosh)
2 1+ cosf 1+ cos@ 2cos® 1+ cosé
63. = = = . = cos 0
1 0 1 —cos6 1+ cosf®+1—cosb 1+ cos@ 2
+ tan 1+ cosf 1+ cos@
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6 sin(30)  cos(30) sin(3¢) cos® —cos(30)sind  sin(30 —6)  2sin(20)

sin 0 cos 6 sin 6 cos 0 %(251119“)56) sin(20)
tan6+72tan0
tan 6 + tan(20) 1 —tan’@ tan® —tan’H +2tan® 3tan6 — tan’ O
67.tan(30) = tan(0 + 20) = = = =
1 —tan6tan(20) . tan (2 tan 0) 1 — tan®0 — 2 tan® 0 1—3tan’6
1 — tan’ @
1 1 —cos(26)|)1/2 » {77 2 A 577} { 2 477'}
69. 5 (In]1 — cos(20)| —In2) =1n ( 5 In|sin®6|"? = In|sin 6| 71. 3333 73.40, 33
T T 2 47 37 S T Sm \/3T 24 24 1 25 T 57
75.90, = S, —, 2 = b 7. No real sol 7 b O8L—> 83 857 8- 89._ 9L 93.0,-,mw -
5{0,3,2,3,77-,3 2 3} o real solution 9{03,77,3} 8 ) 8325 857 8 25 895 9 7 930,3,77,3
T 37 1 cos 6 1 — cos6 6
e —— 97 =2D - =2D — =2D =2D - = 24.45°
95, ) 97. (a) W (csc 6 — cot 9) <sin0 sine) o tan2 (b) 0 5
V2
99.(a) R = 016 cos 6 (sin6 — cos 0) (b)?%’-or67.5O 0 = 67.5°
3
V2 <fradians) makes R largest.
- V032 (2cosfsind — 2cos)  (©32(2—V2) = 18751t 8 &
R = 18.75ft
v%\ﬁ .
=3 [sin (20) — cos (260) — 1]
_1 _ (L _ 0 01,
101. A = 2h(base) —h(zbase) =scosorssing =3 s°sin 0
10 + 1 + 100 600 + 30 -1 -1 1
103. (@) 150 + 75\/3em® (b) -2 25\[3cm © 5" 4 LA @ 300V/3 475” ULAYER 105.

)
251n< )
o a @
. 2w 2tan(5> 2tan<5> (5) 2s1n< ) OS(E) _ sin<2 3) —sina 109
. ~ = 1 ) Ci > ) sin « .

SRS
N————
%)
=

Lsin ™ = V246 -\
24 4
T \2
—=—"=V4+ +
cos 4 4 6+ V2
113. sin’ 6 + sin® (9 + 120°) + sin® (6 + 240°) = sin> § + (sin  cos 120° + cos 6 sin 120°)> + (sin 6 cos 240° + cos 6 sin 240°)°
1 3 1 3
=sin’6 + <_E sin 6 + ? cosG) + <_E sin 6 — % cosO)

1 1
=sin’6 + 3 (3V/3cos® 0 — 9 cos? fsin 6 + 3V/3 cos fsin’ § — sin’ @) — 3 (sin®@ + 3\V/3sin? 6 cos 6 + 9sin 6 cos? 0 + 313 cos’ 0)

3 . 9 . 3. . . 3 . . 3.
= sin® g — " cos? fsin @ = n [sin®0 — 3sing(1 —sin’0)] = n (4sin®9 — 3sing) = - sin (36) (from Example 2)
1 1 3+1
1Us.—— M7.y=—x—4 118. y 19. V3 120. y

2 2 2 5 —

\- I\

\ X
(- ] \/
x (=% sf,-w r =2

7.7 Assess Your Understanding (page 515)

l.l(ﬁ—l) 3.—1(£+1) S.ﬁ 7.%[005(20)—c0s(60)] 9.

2\ o\ 5 [sin(60) + sin(20) ] 11.%[005(26) + cos(86) |

l\)\»—&

1 1. . . . . .0
13. —[cos@ —cos(30)] 15.— [sin(20) +sin@] 17.2sinfcos(30) 19.2cos(360) cosf 21.2sin(20) cos 23.251n051n5

2 2
sinf + sin(30)  2sin(26) cos @ sin(46) + sin(26) 2sin(30) cos  sin(36)
- = ; =cosf 27 = = = tan(30)
25sin(20) 2sin(26) cos(460) + cos(20)  2cos(30) cosf  cos(30)
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0 cosf —cos(3¢)  2sin(20)sin6  sing
‘sinf +sin(30)  2sin(260) cos®  cosf

1
31.sin [ sin @ + sin(30) | =sinO[2sin(20) cos ] = cosH[2sin(20) sinf] = cos O 2~5 [cos — cos(30)] | = cosf[cos@ — cos(30) ]
sin(40) +sin(80)  2sin(66) cos(20)  sin(60)
33. = = tan (66)
cos(46) + cos(80)  2cos(66) cos(26)  cos(66)
sin (46) + sin (86 2sin(66) cos(—260 sin(60) cos(26 tan (60
3. (49) i (89) _ _ (60) cos(—20) _ sin(66) .( ) _ an (60) [—cot (26)] (66)
sin(46) — sin(89)  2sin(—260) cos(60)  cos(60) —s1n(20) tan(20)
2.01+B a-B atp a—B
37sina+sin,8_ sin ——cos — _sm 5 cos— . «t B t“_ﬁ
.sina—sinﬁ_z.a—ﬁ a+B— a+ ,a—B_an 2 co 2
sin ——cos — cos —— sin—
2 si a+ B a—fB L at+pB
Sina +sinB sin ——cos — _sm > . wt B
‘cosa +cosfB a+B a—-B a+B_an 2
2 cos 2 cos 2 cos )

41.1 + cos(260) + cos(40) + cos(60) = [1 + cos(66) ] + [cos(20) + cos(40) ] = 2cos*(30) + 2cos(36) cos(—8)
=2co0s(30)[cos(30) + cosf] =2cos(30)[2cos(20) cosO] = 4 cos b cos(20) cos(30)

T T 2 47 3w S
43.50, & T o s
m 27 37 4 6w Tm 87 97
45.90, (T o e o
47.(a) y = 2sin(2061m¢) cos(357mt) 49. I, = I,cos’6 + I, sin9 — 21, sin 6 cos 0 = I, cos?f + I sin? 6 — I, sin 26
b =2
Ec)) a FLOAT AUTO REAL IDIAI = cos 29 + 1 1 — cos 29 1
=1 2 + 1, 2 — Iy, sin 20
Ix Ix IY Iy .
. . —Ecos26+5+5 —ECOSZO—IXYSIIIZO
L+1, L-I
2 = + cos 20 — I, sin 20

2

1- 260 20 + 1
I, = Isin” 6 + I, cos’ 0 + 2I,,sinf cos 0 = I, (%) +1, <cosf> + Iy sin 20

I, I,
- 0520+500520+ > + I, sin 26

I — 1,
= B cos 26 + I, sin 20

51.sin(2a) + sin(2B) + sin(2y) = 2sin(a + B) cos(a — B) + sin(2y) = 2sin(a + B) cos(a — B) + 2sinycosy
= 2sin(m — y) cos(a — B) + 2sinycosy = 2sinycos(a — B) + 2sinycosy = 2siny[cos(a — B) + cosy]

. a—Bt+ty a-B-vy . m=28 2a-w . ™ 77
= 2siny| 2 cos 2 cos = 4 siny cos ) cos ———— = 4sin y cos E_B cos a=>

2 2
= 4sinysin Bsin « = 4 sin a sin Bsin y
53. sin(a — B) = sinacos B — cos asin B

sin(a + B) = sinacos B + cos asin B
sin(a — B) +sin(a + B) = 2sinacos B

! [sin(a + B) +sin(a — B)]

2
a;B %[ <a+ﬁ 2B>+cos<a+ﬁ—aiﬁ>]=c052—a+coszﬁ=005a+cos[3

035 = 2 2 2 2
57. {13} 58. Amplitude: 5; Period: 5; Phase shift:% 59. M

sin a cos B =

55.2 cos

+
60. f1(x) = sin 1()6375) Range of f = Domain of f ! = [—8, —2];Range of f1 = {—g,%}

Review Exercises (page 518)

T T T T S T T 3 37 3 T T T
1. 5 2. 5 3. Z 4. — 6 5. ? 6. —? 7. Z 8. 7 9. ? 10. T 11. —g 12. 7 13. —3 14.0.9 15.0.6 16.5 17.Not defined
o 2\/ 4 4 o 1.y (x i of £-1 |7
18. ar3 19.7 20.-\V3 21.°-° 22.§ 23. 3 24. 7 (x) = 3sin 5 ; Range of f = Domain of f— = [ —2,2];Range of /' = 6
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ANSWERS Review Exercises AN-63

u
25. f1(x) = cos}(3 — x); Range of f = Domain of f ! = [2,4]; Rangeof f ! = [0,7] 26. V1 —u* 21 lu]

2
uVu -1
28.tanfcot § —sin’ @ =1 — sin® = cos?§ 29.sin’>A(1 + cot>#) = sin’hesc?h = 1
30.5cos’ 0 + 3sin’ @ = 2 cos’> 6 + 3(cos’> 6 + sin®§) =3 + 2 cos’ 6
1—cos6 sin 6 (1 —cos6)>+sin”0 1 —2cosf + cos’d +sin*f  2(1 — cosh)
- = - = - = — =2csch
sin 6 1 —cosh sinf (1 — cos 9) sinf(1 — cos @) sinf (1 — cos 9)
cos 6 1
2 cos 6 _ cos 6 _ 1 _ 1 cscl  sinf 1 _ 1 1-sinf _1-sinf 1-—sing
“cosf —sinf  cosh — sinb _sinf 1 —tanf "1+ csch N 1 1+sinf 1+sinfd 1—sinf 1 —sin?0 cos? 0
cos 6 cos 6 sin 6
. 1 _ 1 —sin’ 0 20 0
34.cs<:0—51n0:,7—51n0:¢:&:cose-c_&:cos0wt0
sin 6 sin 6 sin 6 sin 6
15 1 —sinf — cos8(1 — sin ) 1+sing cos6(1 — sin®6) _ cos’0 36, cot § — tan @ cosf sinf _ cos’§ —sin®0 1 —2sin’ 0
* sech 1+ sin@ 1+ sing 1+sing sinf  cosf sin 6 cos 6 sin 6 cos 0
cos(a +B) cosacosB —sinasinf cosacosB sinasinf
37. ; = - = — —— =cotB — tana
cos asin 3 cos asin B cosasinfB  cosasinf
cos(a — cos acos B + sin a sin COS & COS sin a sin
38. ( A = A B= ﬁJr A =1+ tanatan
cos a cos B cos «a cos B cosacosf3 cosacospf
0 sin
39. (1 + 0)(tan— ) = (1 + 0)————=sinf
( cos )(anz) ( cos 6) 1+ cosp S0

c056><c0s26> _ 2 cos 0(cos* O — sin® 0) _ cos’f —sin®0

40.200t0¢0t20=2( - - =cot?0 — 1
sin @ / \ sin 26 2 sin® 6 cos 0 sin?

41.1 — 8sin®fcos’d =1 — 2(2sinfcos ) =1 — 2sin*(20) 0s (46)

" sin(36) cos 6 — sinf cos(30)  sin(20) ! sin(26) + sin(46) 2sin(36) cos(—0) 20
. = = . = =t
sin(26) sin(26) cos(260) + cos(40)  2cos(360) cos(—0) an (36)
cos(260) — cos(46) —2sin(30) sin(—0) 1
4@ — = - = - =0 45.-(Vo-\2
cos(20) + cos (40) tan 6 tan (36) 3 003 (30) cos (—0) tan 6 tan (36) = tan(360) tan6 — tanHtan(30) =0 45 2 (\/ \[)

46.-2-\3 47.%(\7—\6) 4s.%(\f—\/8) 49.% 50.% 5L.V2 -1 sz.%’\/2

33 56 63 33 24 119 5V26 V5
53. (a)—% (b) T (c) T (d)% (e)g ) (g)T (h)T

169
16 63 56 16 24 119 V26 V1o
54. (a)—g (b) T () T (d)@ (e)g (f)@ (® 6 (h) o
63 16 33 63 24 119 2V13 V10
ss. (a)—g (b)a (C)@ (d)—g (e)g (f) “169 (® 3 (h) ST
-\V3-2\2 1-2V6 -3 +2\V2 8V2 +9\V/3 3 7 3 3
. VAZ2VE ) LZIVE( SVIERVE SVREOVE () VS T VS VS
S.(a)1 ()0 () —~ (d)Not defined (e)4\@ @) -+ (g)@ (h)f\[6'3_\/§ 58.4”\/g 5933
9 9 9 6 6 10 65
48 + 25\/5 \6 24 7 T S5 27 5 37 T T 3 a 27 4w Smw
60.— = 6L 62— 0 63.-oo 64 {5’ 3} 65 {?,?} 66.{7,7} 67.{0,5,77,7} 68.{;,?,?,?}

2 4ar T S m T S m S m 37 37 T
69. {0.25,2.89} 170. {0, 3™ ?} 71. {O, 3 ?} 72. {g, > ?} 73. {?’?} 74. {Z’ > 7} 75. {5, 71'} 76.0.78

77.-1.11 78.177 79.123 80.2.90 8L {1.11} 82.{0.87} 83.{2.22} s4.{—7} 85. {0}

1 — cos 30° 2-V3
L sin 15° = 4/ - _ )
86. sin 15 ) 5 :
o i ase _ a0e) — i 450 o Lo V2 V3 V21 Ve V2 Ve-\2
sin 15° = sin (45° — 30°) = sin 45° cos 30° — cos 45° sin 30 =5 '3 "3 31 "1 - 2 ;
[ 2-V3P 2-V3 42-V3) s-4V3 6-2Vi2+2 (Ve- V2
2 4 4-4 16 16 4

87. cos(20) = 2cos’6 — 1
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AN-64 ANSWERS Chapter Test

Chapter Test (page 520)

T T T 7 4
1. 5 2. — n 3. 5 4. 3 5.3 6.— 3 7.039 8.0.78 9.1.25 10.0.20
cscf +cotf  csch + cotf _csc 0 —cotf csc? 6 — cot’ 0 1

11.

sech + tan® secO + tan@ csc — cotl (secH + tan ) (csc — cot ) - (secH + tan @) (cscO — coth)

1 sec@ —tanf secf — tan 6 sech — tan 6

(secH + tan ) (cscf — cot ) sece —tan@ (secze — tanze) (csc® — cot h) csch — cot

. . sin@ sin®@  cos’#  sin’6 + cos® 6 1
12.sinftan 6 + cos =sinf+—— + cosf = + = = ——=sech
cos 6 cos 0 cos 6 cos 6 cos 6

sinf  cosf sin? 6 cos? 0 sm 0 + cos? 0 1 2 2
13.tan 6 + coth = + = - - =— = 2csc(20)

cos®  sin@ sinfcosf sinfcosf  sinfcosf  sinfcos 2sinfcosf  sin (20)
u sin(a + B) sin a cos B + cos asin B sin a cos 3 + cos a sin 3 sin a cos B + cos asin B

‘tana + tan B sina+sinﬁ sinacosB+cosasinﬁ sin a cos B + cos asin B
cosa cosf cosacosf3 cosacospf cos a cos 3
sin a cos B + cos asin B cos « cos f3
= s - = cos acos 3
1 sin a cos B + cos asin B

15.sin(30) = sin (0 + 26) = sin 6 cos(26) + cos@sin(20) = sin @ (cos># — sin>#) + cos §+2sin @ cos § = sin § cos’> § — sin> § + 2sin @ cos’ §
=3sinfcos’ — sin® @ = 3sin H(1 — sin?f) — sin’ @ = 3sinf — 3sin*§ — sin®§ = 3sin§ — 4sin’ 9

sin@ cos@ sin®@ — cos’ O

16.tan0—cot0:c?se sinf _ _sinfcosé zs?nza—coszez(1—00526)—00526_172(:050 17 \[4’\[

tan 6 + cot 6 sin 6 n cos 6 sin? 0 + cos? 6 sin? @ + cos® 6 1

cosf  sinf sin @ cos 0
\/ 12\/ 2\7 (V5-3) 2+\/ V6 V2 7 27 4w 5w

18.2 + 19. > 22. 3. 24—2 T AT 2T 26.{0,1.911, 7,4373
8.2+ V3 5 49 39 4 5{3 3’3} 6. {0. 1911, . 4.373}

37 7w 1l 15
27. {?” ?”, TW’ ?”} 28.{0.285,3.427} 29.{0.253,2.889}

Cumulative Review (page 520)
L {—1 - \/? —1+ \F }

y+l=-1(x—4)orx+y= 3:6V72; (1,2) 3.x-axis symmetry; (0, —3), (0,3), (3,0)

6
4. Y4 S. y 6. y
B A St -5
FEG: 5 /(; 15) ’}0?, H::: \ 2m| x
13,2‘:: . x*
71 . \ \f
H x \y\_u \2\ EAVARREAVARE
11 111
7. (a) e o (b) Jysi (©) (1 o (d) y
5y =] 1\ 5[ Mo 2 -
szzaen S 0.0 e (3] g et
oo/t SOVl s ag OO (3]
(1,1 5 RAEE RN TN TE >
i HT' y\T_\e\ o \f\ \(\x\)\ i (—%’— ) / * ::y\ ?\c?f?jk(ﬂ, -1)
o1 T 1 T
S =V NS/ EEmmaaE
@) =sin'x T
)
2V2 V2 V2 /3+2 3-2v2 /5 2V2 V2T a2 Ve
8. (a) - (b)f (c )7 (d)* (e) “A[——F—— 9.—/— 10.(a )—7 b)— ©7 (d)i (e) ——
3 6 5 3 9 3
1
1. (a) f(x) = (2x — 1) (x — 1)?(x + 1) (e) Local minimum value —1.33 at x = —0.29,  12.(a) {—1, —5}
1 o S Local minimum value 0 at x = 1
—multiplicity 1; 1 and —1 multiplicity 2 —
2 P ly ety Local maximum value 0 at x = —1, (b) {~1,1}
(b) (0,-1); (5 0); (=1,0);(1,0) (©y= 2x° Local maximum value 0.10 at x = 0.69 (¢) (—00,—1) U <_%, oo)
® (l, 0)
(d) NORMAL FLOAT AUTO REAL RADIAN) MP y 2[ (d) (_ 0, -1 } U [1’ oo)
EEEE I
1,0 a0
2 2 / [125x
(0.69, 0.10)
(0, 1)
= (~0.29, ~1.33)

(g) Increasing: (—o0, =11, [—0.29,0.69], [1, )
Decreasing: [ -1, —0.29], [0.69, 1]
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ANSWERS Section 8.3 AN-65

CHAPTER 8 Applications of Trigonometric Functions
8.1 Assess Your Understanding (page 530)

4.F 5.b 6.angle of elevation 7.T 8.F 9. sint9:15;3;cost9:%;t21n(9:15f2;cot0:%;secﬂzg;cscez1?3
11.sin0=¥;c050=¥;tan0=§;cot0=%sec9=\QE;CS(:B:@
13.sin9=?;cos9=%;tan0=\/ggcot9=%;sece=2;csc¢9=23£
15.sin0:¥;cos0:?;tan9:\/i;cot@zg;sew?:\/g;csc6:¥
l’lsinezg;cosO:Ts;tanG:%;cot9:2;56c0:¥;0506:\/5

19.0 21.1 23.0 25.0 27.1 29.a = 13.74,c =~ 14.62,A =70° 31.b = 5.03,c = 7.83,A =50° 33.a =~ 0.71,c = 4.06, B = 80°

35.b = 10.72,c = 11.83,B = 65° 37.b = 3.08,a ~ 8.46,A = 70° 39.c = 5.83,A = 59.0°,B = 31.0° 41.b =~ 458, A = 23.6°, B = 66.4°
43.23.6° and 66.4° 45.4.59in.;6.55in. 47 (a) 5.52in.or 11.83in. 49.70.02 ft 51.985.91ft 53.13737m 55.80.5°

57. (a) 111.96 ft/sec or 76.3 mi/h  (b) 82.42 ft/sec or 56.2 mi/h () Under 18.8°  59. (a) 2.4898 X 10" miles (b) 0.000214° 61. 554.52 ft
63.S76.6°E  65. The embankment is 30.5 m high. 67.3.83mi 69.1978.09 ft 71.60.27 ft 73. The buildings are 7984 ft apart. 75. 69.0°

8s. Ve - V2 or 2-V3

4 2

77.38.9° 79. The white ball should hit the top cushion 4.125 ft from the upper left corner. 84. Yes
7 Tm 1w

86.0.236,0.243,0.248  87. {5, o T}

8.2 Assess Your Understanding (page 542)

sinA _sinB _sinC
== =

13.C=95%c = 9.86,a =~ 636 15.A =40°,a=2,c = 3.06 17.C =120°,b = 1.06,c = 2.69 19.A = 100°,a =~ 524,¢ = 0.92

21.B =40°%a = 5.64,b =~ 386 23.C =100°,a = 1.31,b = 1.31 25. One triangle; B = 30.7°, C = 99.3°,c =~ 3.86

27. One triangle; C = 36.2°, A = 43.8°,a = 3.51 29.No triangle 31.Two triangles; C; = 30.9°, A; = 129.1°,a; = 9.07 or

C, = 149.1°, A, = 10.9°,a, = 220 33.No triangle 35.Two triangles; A, = 57.7°, B; = 97.3°, by = 2350r A, = 122.3°, B, = 32.7°,b, = 1.28

37.1490.48 ft  39.335.16 ft 41.153.42 ft; 136.59 ft  43.The tree is 39.4 ft high. 45. Adam receives 100.6 more frequent flyer miles.

47. (a) Station Able is about 143.33 mi from the ship: Station Baker is about 135.58 mi from the ship. (b) Approximately 41 min

49.84.7°,183.72ft 51.2.64mi 53.38.5in. 55.449.36 ft 57.187600,000 km or 101,440,000 km 59. The diameter is 252 ft.

ZSil’l<A —B )cos(A +B > sin<A —B > cos(z - £> sin(A — B)
sin A 7sinB_sinA—sinB_ 2 2 _ 2 2 2) 2

4.a S.

6.F 7.F 8.ambiguouscase 9.a = 3.23,b = 3.55,A =40° 1l.a = 3.25,c = 4.23,B = 45°

l

U

61 a=b_a b _
Te e ¢ sinC sin € sin © ZSing cosg - sing cosg - cosE
2 2 2 2 2
sm{* (A - B)}
- 1 1 1
_ a=b cosg tan{f (A - B)} tan{f (A - B)} tan[f (A - B)}
63 a—b ¢ - 2 _ 2 _ 2 -~ 2
‘a+b a+b 1 cotg T C 1
B cosE(AfB) 5 tangfz tanz(AJrB)
sing
2
4 V15
69.4-3, -3¢ 70.3\/5~671 TL.-——2> 2. %
{ T3 } 7 (—311',4’*45]’ 7 4:57 0)
4m, OV AN/ am, 0)
= X
(_2‘1‘7'7 "\l\ Y/ }
(=, —dy Qm, —4)
0,0)

8.3 Assess Your Understanding (page 549)

3.Cosines 4.a 5.b 6.F 7.F 8T 9.b =295 A =~ 287° C = 106.3° 1l.c = 3.75,A = 32.1°,B = 52.9°

13. A = 48.5° B = 38.6°,C = 92.9° 15. A = 1272°,B =~ 32.1°,C = 20.7° 17.¢ = 257, A = 48.6°, B = 91.4°

19.a = 2.99,B = 19.2°,C =~ 80.8° 21.b = 4.14,A = 43.0°,C = 27.0° 23.¢ = 1.69,A = 65.0°, B = 65.0° 25.A = 67.4°,B =90°, C = 22.6°
27.A =60°,B=060°C=060"° 29.A = 33.6°,B = 62.2°,C = 843° 3L A = 97.9°,B = 524°,C = 29.7° 33. A = 85°%a = 14.56,c = 14.12

35. A =40.8°,B =60.6°,C =78.6° 37.A=280°b=2874,c=13.80 39.Two triangles: B; = 35.4°, C; = 134.6°, ¢c; = 12.29;

B, = 144.6°, C, = 254° ¢, =740 41.B =24.5°,C = 95.5° a = 1044 43.165yd 45.(a) 26.4° (b)30.8h 47 (a) 63.7ft (b) 66.8 ft (c) 92.8°
49. (a) 492.6 ft  (b) 269.3 ft 51.(a) 59.2mm (b) male 53.(a) @ = 9.9% B =~ 83° (b)21.73yd (¢) 0.36 yd or 13 in. 55.342.33 ft

57. The footings should be 765 ft apart.
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AN-66 ANSWERS Section 8.3

1- 0 1- 0 4
59. Suppose 0 < § < 7. Then, by the Law of Cosines, d> = r?> + r> — 2r? cos § = 4r> (% ) =d =2r % =2r sina.

0 0
Since, for any angle in (0, 77), d is strictly less than the length of the arc subtended by 6, that is, d < r6, then 2r sin 5 < 10, or 2 sin 5 < 0.

Sincecosg < 1, then,for 0 < 6 <7T,Si1’10:2$il'lg cosg <25ing < 0.1f 6 = 7, then, since sin § = 1,sin § < 6. Thus sin § < 6 for all § > 0.

61 singz I—cosC _ :\/Zab—az—bz-kcz :\/sz(afb)z _ (c+a—=>b)(c+b—a)
: 2 2 4ab 4ab 4ab
_\/(2s—2b)(25—2a)_\/(s—a)(s—b)
h 4ab B ab
In3
68. =~ 1
(_lmﬂ 9 69’{1114—1r13} {3819}
il e Y
=234 2 2V6 7V6 7 5V6
— . _ . — . — _ " — e
m;\\ > 70.sin 6 = 7 ;csc O o ;sec 5,cot0 B
("’—31 \ 7.y = —3sin(4x)
x=3

8.4 Assess Your Understanding (page 556)

1 1
2. absinC 3. Vs(s —a)(s—b)(s—c); Satb+e) 4T Sc 6c 728 9.299 111498 13.956 15386 17143 19.282

1 1 asin B a*sin B sin C
21. 23. 1. 25.19. 27.K =~ i = —asi =
30 23.1.73 25.19.90 2absmC 2asmC( sinA) Y sin A

39. The area of the lot is about 8376 sq ft. 41.15.27in.> 43.The lake area is 1645.14 ft>. 45. The ground area is 75174 ft>.
loc| Jacl _1

29.0.92 31.2.27 33.5.44 35.9.03sqft 37 $5446.38

1 1
47. (a) Area AOAC = 5 |OC||AC| = 5 1 1 5 sin @ cos @ (e) Area AOAB = Area AOAC + Area AOCB
1 1 |[BC| |ocC| 1 ) 1 : 1. 1 2
(b)AreaAOCB=5|BC||0C|=E|0B|2 OB ,|OB| =5|OB\zschos,B 2\OB|s1n(oz+B) 251nacosa+2|OB| sin B cos 8
1
1 1 |BD| 1 . sin(a + B) = ———sinacos a + |OB]| sin B cos 8
(¢) Area AOAB = — |BD||OA| = = |OB| —— = = |OB| sin(a + B) |OB|
2 2 loB| 2
cos
loc| sin(a + B) = o8 sin « cos « + EZZ; sin 3 cos B
a
(d) zzz; =ﬁ= |OB| sin(a + B) = sinacos B + cosasin B
|OB|

49.31,145 ft> 51. (a) The perimeter and area are both 36. (b) The perimeter and area are both 60.

53-K=%ah=%absinC=>h=bsinC:M

sin A
A B 1 C . C C c . .. .
55. LPOQ = 180° — (5 + 5) = 180° — 5 (180° — C) = 90° + bR and sin <90° + E) = cos (7;) = cos -, since cosine is an even function.
csinésinE csinésinE
2 2 2 2
Therefore, r = C = C
sin <90° + E) cos 5
A B C s—a s—b s—c 3s—(a+tb+c) 35-2 s V2+V3 V2+Ve ,
57. cot — + cot —+ cot — = + + = = =- 59, or square units
2 2 2 r r r r r r 4 8
2 7 V14 3V2 3V7 V14
63. Maximum value; 17 64. (—o0, =3) U [—1,3) 65.sint = %, cost = —%, tant = 7 csct = T\/, sect = — \7/, cott = -
) 2
66. csc 6 — sin 6 =,L—sin0=1_ﬂ= C(,)s 0 =cosl9'cf)Stg = cos 0 cot
sin 6 sin 6 sin 6 sin 6

8.5 Assess Your Understanding (page 566)
2. Simple harmonic; amplitude 3. Simple harmonic; damped 4.T 5.d = —5cos(mt) 7.d = —6cos(2t) 9.d = —5sin(mt)

2 3
11.d = —65sin(2r) 13. (a) Simple harmonic (b) 5m (¢) ?ﬂ- sec  (d) . oscillation/sec  15. (a) Simple harmonic (b) 6m (c) 2 sec
T

(d) % oscillation/sec  17. (a) Simple harmonic (b) 3m (c) 47 sec (d) % oscillation/sec  19. (a) Simple harmonic (b) 2m
T
(¢) 1sec (d) 1 oscillation/sec
Copyright 2017 Pearson Education



AN-67

ANSWERS Review Exercises

21. vy 23. 25. vy 27, vy 29. oy
L 164 sf el s = cons T
X & fy=x Ly =x HAHA
| — i ] . T, |
> y = cosx (T y=—sinx i
L ¢ — ‘ = 2w e y =sinx unkd
\ A * P H \Jﬁ: A
\ I | v
\ \ | v
1 1
31. y 33.(a) f(x) = 5 [cosx — cos (3x) ] 35.(a) G(x) = 5 [cos(6x) + cos(2x) ]
m (b) 74 . (b) yy ¥= zlcos(Zx)
- s | o1 fo
afll -1y = sin(2x) Y TRy 1 | E—
y=sinx . | IR . | IS i
mn . A | x AN
E =y = =5 cos(3x) A A x
: A
i .
HHEHA
y=%cos(6x)

37. (a) H(x) = sin(4x) + sin(2x)

(b)
{!} } y= sm(2x)
[ } [ H by= sin(4x)
AT
AVjmmma |
I I
I I
47 0.64
43 d = —50-081/20 ( _ t)
@ OS\V 79 T 400

49. (a) The motion is damped. The bob has
mass m = 15 kg with a damping factor
of 0.9 kg/sec.

(b) 15 m leftward
(O] MAL FLOAT A

(d) 12.53 m leftward (e) d—0

0.49

— . 10,-0.7t/50
39.(a)d 10e cos ( 25 2500

(b)

45. (a) The motion is damped. The bob has mass

m = 20 kg with a damping factor
of 0.7 kg/sec.
(b) 20 m leftward

(d) 18.33 m leftward (e) d —0

51. » = 10407; d = 0.80 cos (10407rt)
53. w = 8807; d = 0.01 sin(8807r¢)

55.(a) v
125

(b)Att=0,t=2;att=1,t=3

(¢) During the approximate intervals
035 <t <0.67,129 <t <175,
and2.19 <r=3

2
t) 41. (a) d = —18¢00/%0 o ( ™ _ 036 )

4 3600
(b)

47. (a) The motion is damped. The bob has
mass m = 40 kg with a damping factor
of 0.6 kg/sec.

(b) 30 m leftward

1
61. y =5 sinx
X
0 5
—-0.3 0 Vi
0 5m 0 3
-0.3 —0.06 —0.015
_ 4x — 3 xy? 3\f ﬂ 1
1 _ 2
65. 7 (x) T —1 66. 10g7<x n y) 67. {4} 68.(a) (b) () 3
Review Exercises (page 570)

.4 3 4 3 _s _5 V3 1 s V3 s 2V3
l.sm075,c05075,tan673,cot074,sec6 3 csc 0 4 2.sin 6 = > ,cosn‘)fz,tanef\/?:,cotef 3 ;sech = 2;csch = 3
3.0 41 5.1 6.A=70°b ~342,a =940 T.a =~ 458, A =~ 664°, B =~ 23.6° 8.C = 100°, b = 0.65, ¢ = 1.29
9.B = 56.8°, C = 23.2°, b = 4.25 10.No triangle olﬁ)?rigﬁ]t%a%ﬁearg%#Edﬁl;catln2 12. A = 36.2°, C = 63.8°, ¢ = 4.55




AN-68 ANSWERS Review Exercises

13. No triangle 14. A = 83.3°, B = 44.0°, C = 52.6° 15.c¢ = 232, A = 16.1°, B = 123.9° 16. B = 36.2°, C = 63.8°, ¢ = 4.55
17. A = 39.6°, B =~ 18.6°, C =~ 121.9° 18.Two triangles: B; = 13.4°, C; = 156.6°, ¢; = 6.86 or B, = 166.6°, C; =~ 3.4° ¢, = 1.02
19.5 = 11.52, ¢ = 1013, C = 60° 20.a = 523,B = 46.0°,C = 64.0° 21.1.93 22.18.79 23.6 24.3.80 25.0.32 26.1.92 in.
27.48.2° and 41.8° 28.23.32ft 29.2.15mi 30.132.55 ft/min 31.12.7° 32.29.97ft 33.6.22mi 34.(a) 131.8 mi (b) 23.1° (¢) 0.21 hr

35.8798.67 sq ft  36.S4.0°E  37.76.94in. 38.79.691in. 39.d = —3 cos (gz)
40. (a) Simple harmonic (b) 6ft (¢) ms (d) L oscillation/s
T

1
41. (a) Simple harmonic (b) 2ft (¢)2s (d) 5 oscillation/s

472 05625

42.(a) d = —15e7073/80 ¢og ( % - WI) 43. (a) The motion is damped. The bob has mass m = 20 kg 44. J’%p oy =2sinx
b with a damping factor of 0.6 kg/s. fjavasawn
(b) (b) 15 m leftward (¢) FHf "\: ") >

(d) 13.92 m leftward 15 = l"’ \ [ ‘=‘ cos(2x)

. e (e)d—0 ! HH
0 25
—15 15

Chapter Test (page 572)
1.sinf = g; cosf = ﬁ; tan § = %; csch = \@; secH = ?; cotf =2 2.0 3.a=1588, B = 57.5°, C = 70.5°

5
4.b =~ 685, C=117°, ¢ = 1630 5. A =~ 524°, B = 29.7°, C = 97.9° 6.b = 472, ¢ = 1.67, B = 105° 7. No triangle

8.c =762, A= 805 B =295 9.15.04square units 10.19.81 square units 11.61.0° 12.1.3° 13.The area of the shaded region is 9.26 cm?.
14. 54.15 square units 15, Madison will have to swim about 2.23 miles. 16. 12.63 square units 17. The lengths of the sides are 15, 18, and 21.

18.d = 5(sin 42°) sin(%t) ord ~ 3346 Sin(”?t)

Cumulative Review (page 573)

1
1.{5,1} 2.(x+5)2+ (y-1)2=9 3. {xlx=-lorx=4} 4. y 5. y
(-5,1) "; R A VYT A\
(2.9 X X
| JN \\/ \!/
X M \J \/
2V5 V5 4 3 5-5 5+5
6.(a) - —= (b)— (¢)—= -2 -
@-"5" B @5 @ @\ ® m

8. (a) y4 (b) y (©) 4 (d) y4 (e) y ® v
5 e 5| 511y P
I
\ I / —
I
X > X X
\ / /
|
4 X
X X
(€3] ’4 (h) y @) 7 9. Two triangles: A, ~ 59.0°, B; =~ 81.0°, b; = 23.05 or
EERlCIscEss ks fiot filf Ay = 121.0°, B, = 19.0°, b, =~ 7.59
JAL) 1\ T T\ I\ T 1
7| X P x T 10.{—2i,2i,*,1,2}
VR vy \ (/NS SRRy SRRy 3
| | |
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ANSWERS Section 9.1 AN-69

(2x+1)(x—4) y 26
(x+5)(x=3)" i (11’2>

g i
Interceptss(—; ) (4,0), ( 145) 10/ p / \: V‘_-);
i

11. R(x) = ; Domain: {x|x # —5,x # 3}

No symmetry
Vertical asymptotes: x = —5,x = 3
Horizontal asymptote: y = 2

6
Intersects: ( Th 2)

12. {226} 13.{1} 14.(a) {—%} ™ {2} © {_1 _23\/5, —Lt 3\/5} ) {x . _%} or(_é Oo)

—

[
T
I
I
1
1
—_
I

2 4’
(e) (x[-8 =x=3}or[-8,3] (D M (@ y4
(0,5) s
(-8,0)\ 16,0
(-1.25,0 [
] * tHH
(0, —24)
(-2.5,-30.25) [ 111

CHAPTER 9 Polar Coordinates; Vectors

9.1 Assess Your Understanding (page 584)
S.pole; polar axis 6.rcos@;rsinf 7b 8d 9.T 10.F 11.A 13.C 15.B 17.A

19. 21, —-———— 23. (6 n) 25.

. 27. o
(-2,0) o 6

ENE)

oS, B (5% (a) <5, —47”) (b) (—5,%”) (© (5,%”) 3s. 3 (@) (2, —2m)
— D ) (-2,7)

-2,3
i 0T (g (2,27)
0
1 V3
3. 39. (_3 _E> 41. (0,3) 43.(-2,0) 45.(-3V3.,3) 47.(V2,-V2) 4. —5. ) 5L(2.0)
1,’1) - ’ 4
2 m
; . 53.(-2.57,7.05) 55.(—4.98,—3.85) 57.(3,0) 59. (V2 - >
(4] T
-2 3
63. <2%> 65. (247,-1.02) 6. (930.047) 69.r° = Jorr = %
3 5 71.r%cos’0 — 4rsin@ =0 73.r2sin20 =1 75.rcosf = 4
(a) 7 (a) 3, —T ) ) )
77 X% + 2—x=00r(x—*> +y2==T79. (> +y) —x=0
3 T y y y
(b)( ,7> () (—3, T) 2 4
SL.x>+y>=4 83y>=8(x+2)
(c)( —”) © (3 “—’T)
2 T4
1
85.(a) (—10,36) (b) (2\/349,180" + tan ! (—?)) ~ (37.36,1055°) () (=3,-35) (d) (\/1234,180° + tan™! (?)) ~ (35.13,265.1°)
19 .. . 59
90. I 91. 2 or O positive real zeros; 1 negative real zero 92. 12 93. (0, —11)
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AN-70 ANSWERS Section 9.2

9.2 Assess Your Understanding (page 599)
7. polar equation 8.F 9.—-6 10.7 —6 1LT 12.2n;n 13.c 14.b

15. x* + y? = 16; circle, radius 4, 17.y = V3 x; line through pole, 19. y = 4; horizontal line 4 units above

center at pole making an angle of g with polar axis the pole

21. x = —2; vertical line 2 units to the left 23. (x — 1)2 + y? = 1; circle, radius 1, 25.x% + (y + 2)% = 4; circle, radius 2,
of the pole center (1,0) in rectangular coordinates center at (0, —2) in rectangular coordinates

0=3
0=m
0=37
27. (x — 2)2 + y? = 4,x # 0;circle, radius 2, 29.x* + (y + 1)2 = 1,x # 0;circle, radius 1, 3LE 33.F 35.H 31D
center at (2,0) in rectangular center at (0, —1) in rectangular coordinates, ~ 39. Cardioid
coordinates, hole at (0,0) hole at (0,0)

41. Cardioid

S\
==";% B 68100=0
857 )
R

N,

0=m

Copyright 2017 Pearson Education



ANSWERS Section 9.2 AN-71

47. Limacon with inner loop 49. Limacon with inner loop 51. Rose

53. Rose 55. Lemniscate

59. Cardioid

Copyright 2017 Pearson Education
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81. 83.rsinf =a 85. r = 2asin 0 87. r = 2acos 6
y=a r? = 2arsin 0 r? = 2ar cos 0
x2+y2=2ay x2+y2=2ax
xz+y2—2ay=0 x2—2ax+y2=
X+ (y—a)y=d (x—a)>+y*=d*
Circle, radius a , center at (0, a) Circle, radius a , center at (a,0)
in rectangular coordinates in rectangular coordinates
89.(a) r> = cos6;r> = cos(m — 6) (b) 7> = sin6: 7> = sin(7 — 6)
r? = —cos 6 r? = sin6
Not equivalent; test fails. Test works.
(=r)? = cos(—6) (—r)? = sin(-9)
r? = cos @ r? = —sin @
New test works. Not equivalent; new test fails.

2
93. {x|3 <x =38},0r (3,8] 94.420° 95. Amplitude = 2;period = ?ﬂ- 96. Horizontal asymptote: y = 0
Vertical asymptote: x = 4

Historical Problems (page 608)
lL.@1+4i,1+i (b)—-1,2+1i
9.3 Assess Your Understanding (page 608)

5.real;imaginary 6. magnitude; modulus; argument 7.7,r,;60; + 6,;6; + 6, 8.r";n0;n0 9.three 10.T 1l.c 12.a

13. Imaginary 15. Imaginary 17. Imaginary
i axis axis
3L
( \ Real
Re.al -3 3 axis
axis
—3¢
V2 (cos 45° + i sin 45°) 2(cos 330° + isin 330°) 3(cos 270° + isin 270°)
19. Imaginary 21. Imaginary 23. Imaginary
axis axis axis
4 3+
5l Re.al
P Real axis A
_\27 2 4 axis \ Real
-2 2 axis
—41 —-1f
4V/2 (cos 315° + i sin 315°) 5(cos 306.9° + i sin 306.9°) V13 (cos 123.7° + i sin 123.7°)

25. -1+ V3 272.2V2—2V2i 29.-3i 31.-0.035 + 0.197; 33.1.970 + 0.347i

(cos 220° + i sin 220°)

aw

1
35. zw = 8(cos 60° + i sin 60°);%= 5 (cos20° +isin20°) 37 zw = 12(cos 40° + isin 40°);

T | I |~

a0 = ° + isi o
40 40 )" w 40 40 V2 (cos 75° + isin 75°)

27 2 25V2  25V2
43.-32 + 32\/3i 45.32i 47.77 + 7;/§i 49. —% + 5;/1' 51 —4 +4i 53.-23 + 14.142i

55. /2 (cos 15° + i sin 15°), V2 (cos 135° + i sin 135°), /2 (cos 255° + i sin 255°)

57. \/8 (cos 75° + i sin 75°), V8 (cos 165° + i sin 165°), V8 (cos 255° + i sin 255°), /8 (cos 345° + i sin 345°)
59.2(cos 67.5° + i sin 67.5°),2(cos 157.5° + i sin 157.5°), 2 (cos 247.5° + i sin 247.5°), 2 (cos 337.5° + i sin 337.5°)
61. {cos 18° + isin 18°, cos 90° + i sin 90°, cos 162° + i sin 162°, cos 234° + i sin 234°, cos 306° + i sin 306°}

9 .9 . ..
39.zw = 4<c0s 2T 4 isin Tr);£= oS — + isin — 41. w=4V2 (cos 15° + isin 15°);

63.1,i,—1,—i 65. Look at formula (8). |z, | = V/r for all k.
2
Imaginary 67. Look at formula (8). The z; are spaced apart by an angle of 7’”
i| axis

P s
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69. Assume the theorem is true for n = 1. For negative integers:
Forn = 0: 7" = (z")"' = (+"[cos(nf) + isin(nh)])"! withn =1
7% =1 cos(0-6) + isin(0-6)] _ 1
1=1-[cos(0) +isin(0)] "~ r"[cos(nB) + isin(nd)]
1=1-[1+0] _ 1 cos(nf) — isin(no)
1 =1True "~ r*[cos(nB) + isin(n6)] .cos(nO) — isin(n0)

cos(nf) — isin(no)
r"(cos?(nB) + sin®(nd))
cos(nf) — isin(nb)

rh

r""[cos(nf) — isin(nh)]
=r"[cos(—n0) + isin(—no)]
Thus, De Moivre’s Theorem is true for all integers.

16
5

71. ~40.50 72%71 73.5\V2 4. Minimum:f@) =-

9.4 Assess Your Understanding (page 621)
1.vector 2.0 3.unit 4.position S5.horizontal;vertical 6.resultant 7.T 8. F 9.a 10.b
11. 13. 3v 15. v 17. 3v u

w vow - 3v+u-—2w —2w

19.T 21L.F 23.F 25T 27.12 29.v=3i+4j 3Lv=2i+4j 33.v=8i—j 35.v=—i+j 3.5 39.V2 4. V13 43.—j

4 4 4
4589 41.V3 - V13 490 sLYi- t Ssil—i 5.v=M i], —%i—ﬁj
5 5 2 5 5 5
57.{-2+V21,-2-V21} s9.v= §1+ i.] 6l.v=—7i +7V3j 63.v= 25\[ i— é.] 65.45° 67.150° 69.333.4° 71.258.7°
73.F = 20\V/3i +20j 75.F = 20\f+30\/ + (20 — 30V2)j
77.(a) v, = 5504, v,, = S0V 2i + 50\@
() v, = 50V2i + (550 + 50\/2)j
© [v | = 6247 mph N6.5°E
79.v = (2502 — 30)i + (2502 + 30V/3)j; 518.8 km/h; N38.6°E
81. Approximately 4031 lb 83. 8.6° left of direct heading across the river; 1.52 min
85. (a) N705°E (b) 12 min 87. Tension in right cable: 1000 lb; tension in left cable: 845.2 1b
89. Tension in right part: 1088.4 1b; tension in left part: 1089.11b  91. u = 0.36
93.13.681b  95. The truck must pull with a force of 4635.2 Ib.
97. (a) (—1,4) 99. 103.c = 429; A = 66.7°, B = 13.3° 104. -2,0,6 105. V3 106. Amplitude = %; period = %
b)) - 1 4 \ .
y < W Phase shift = ——
(-4, 5\ L
AN >4
2.5
™ 5 v
i /
HHH \ Vo

Historical Problem (page 630)

(ai + bj) - (ci +dj) = ac + bd
Real part [ (a + bi) (¢ + di)] = real part[ (a — bi) (¢ + di)] = real part[ac + adi — bci — bdi*] = ac + bd

9.5 Assess Your Understanding (page 630)
2. dot product 3. orthogonal 4. parallel 5. T 6.F 7.d 8.b 9.(a)0 (b)90° (c)orthogonal 11.(a)0 (b)90° (c) orthogonal
13. (a) \/3T —1 (b)75° (c)neither 15 (@) =50 (b) 180° (c) parallel 17.(a) 0 (b) 90° (c) orthogonal
5. 1 1. 2, 6 . 3, 14 7.

l—*] 23.vy=—C1i i-3i 25. vy =

2 5
19.- 2L.vi=—i 5 —gj,Vz—g

3 P A )
29.9 ft-Ib

1 2
—i+ =—i-Zj 2% i .
sitshw=g5i-3l 27. Approximately 1.353
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31. (a) 1] = 0.022; the intensity of the sun’s rays is approximately 0.022 W/em? . |A|| = 500; the area of the solar panel is 500 cm?.
(b) W = 10; ten watts of energy is collected. (c) Vectors I and A should be parallel with the solar panels facing the sun.
33. Force required to keep the Sienna from rolling down the hill: 7376 1b; force perpendicular to the hill: 5248.4 1b
35. Timmy must exert 85.51b.  37.60° 39.Letv = ai + bj. Then 0-v = 0a + 0b = 0.
41.v = cosai +sinj,0 = a = 7;w = cos Bi + sin Bj,0 = B = 7. If 0 is the angle between v and w, then v-w = cos 6,
since [[v| = 1 and |[w| = 1.Now 6 = a — Bor § = B — a. Since the cosine function is even,
vew = cos(a — B). Also, v-w = cos a cos B + sin a sin B. So cos(a — B) = cos a cos 3 + sin « sin B.
43. (a) If u = a4i + byj and v = ai + byj, then, since lu| = [v],a? + b = |ul> = |v|> = & + b3,
(wtv):(u=v) = (a+a)(a —a)+ (b +by)(by = by) = (af + bi) — (a5 + b3) = 0.
(b) The legs of the angle can be made to correspond to vectorsu + vandu — v.
(Iwlv + Ivlw) - (lwlv = Ivlw) = [wl>v-v = [wllviv-w + [vlIwlw-v = [vIPwew = [wl*vev = [v[]> wew = [wl* [v[* = [v]* [w]* = 0
. Ju+vP—Ju-v[’=(u+v) - (u+v)— (u=v)-(u—v) = (uru+u-v+v-u+vv)— (u-u—u-v—v-u+v-v)
=2(u-v) +2(v-u) =4(u-v)

49.12 50.% 51. (1 —sin%9) (1 + tan’0) = (cos’d) (sec’d)  52.V(x) = x(19 — 2x) (13 — 2x), or V(x) = 4x> — 64x> + 247x

= cos’0-—
cos“f
=1

9.6 Assess Your Understanding (page 639)

2. xy-plane 3.components 4.1 5.F 6.T 7.All points of the form (x,0,z) 9. All points of the form (x,y,2) 11. All points of the form (=4, y, z)
13. All points of the form (1,2,z) 15.V21 17.V33 19. V26 21 (2,0,0);(2,1,0);(0,1,0);(2,0,3); (0,1, 3);(0,0,3)
23.(1,4,3):(3,2,3);(3.4,.3); (3,2,5): (1,4,5); (1,2,5)  25.(—1,2,2);(4,0,2); (4,2,2);(—1,2,5); (4,0,5); (=1,0,5) 27.v=3i +4j — k

20.v=2i+4j+k v=8i—j 337 35\3 3.V2 39.j -2k 4L.V105 43.\38 - V1T 450 4.2 - O - 2k
Vi \/ v 777
9— + 5+ —k SLy-w=0,0=90° 53hv-w= 20~ 1003 55v-w=00=090° 5.v-w=520=0

59.q ~ 64.6°;B ~ 149.0°%y ~ 106.6% v = 7(cos 64.6% + cos 149.0°% + cos 106.6°k)
6l.a = =7y ~ 547%v = \V/3(cos 54.7°1 + cos 54.7% + cos 54.7°k) 63.a = B = 45%y = 90% v = V/2(cos 45° + cos 45% + cos 90°k)
65.a = 60.9% B = 144.2% vy = 71.1°;v = V38(cos 60.9°i + cos 144.2°j + cos 71.1°k) 67.(a)d =a+b +c= <7,1,5> (b)8.66ft

3V2
69.(x — 32+ (y — 1)> + (z — 1)> =1 7L.Radius = 2, center (—1,1,0) 73.Radius = 3, center (2, =2, —1) 75.Radius = , center (2,0, —1)

13 13 1
2<x s?} or<z,—} 81.2x2 +2x — 5 82.5

77. 2 newton-meters = 2 joules 79.9 newton-meters = 9 joules 80. {x 5

83.c=3V5 =~ 671;A =~ 2665 B ~ 63.4°

9.7 Assess Your Understanding (page 646)

1.T 2.T 3.T 4F 5F 6T 7.2 9.4 11.-11A + 2B + 5C 13.-6A + 23B — 15C 15.(a) 5i + 5j + 5k (b) —5i — 5j — 5k
©@0 @O0 17. @i—j—k M-i+j+k (0 (@O0 19.(a —i+2j+2k (b)i—2j—2k ()0 (d)0 21 (a)3i—j + 4k
(b)-3i+j—4k ()0 (@O0 23.-9i —7j—3k 25.9i+7j+3k 27.0 29.-27i — 21j — 9k 31.—-18i — 14j — 6k 33.0 35.-25
37.25 39.0 41.Any vector of the form ¢(—9% — 7j — 3k), where c is a nonzero scalar  43. Any vector of the form ¢(—i + j + 5k), where cis a

11\7 \f 7\/@ o 11\F V. V1

nonzero scalar  45.\V/166 47.\/555  49.1\/34 51.\/998 53. - - ok = - 5k
i ok

55.98 cubicunits 57.u X v = |a; by ci| = (bicy — bycy)i — (ajc; — axcy)j + (a1by — ayby)k
ap bz Cy

lu x v[2 = V(bic, — baei)? + (a1, — 0201)2 + (aiby — a2b1)2)2
= bic} — 2bibycicy + b3t + dlck — 2ayaycicy + dict + alb} — 2a1a,b1b, + a3bT
lul?> = at + b7 + i, Iv[* = a3 + b3 + ¢
lal?2[v]?> = (a7 + b7 + ¢} (a3 + b3 + 3) = dia3 + aib3 + alch + bia} + b} + bic3 + dadc? + b3ct + cic3
(u-v)? = (ma, + biby + ¢1¢5)* = (@ar + byby + cic2)(ara, + by + cic3)
= dla} + ajabiby + ayaycicy + bibacicy, + bibaaay + bIb3 + bibacic, + ayacicy + cick
= ala3 + b3 + 3 + 2ayab by + 2bibycicy + 2ajaxcicy

[al?[v]?> = (u-v)?> = a}b} + alc} + bia3 + adc} + b3c} + bic3 — 2a1a,b1b, — 2b1bycic, — 2ayay¢icy, which equals [u X v

59. By Problem 58, since u and v are orthogonal, [u X v| = |u]|v]. If, in addition, u and v are unit vectors, Ju X v| = 1-1 = 1.
61. Assume thatu = ai + bj + ck,v = di + ¢j + fk,andw = i + mj + nk.Thenu X v = (bf — ec)i — (af — dc)j + (ae — db)k,
uXxXw= (bn —mc)i— (an —Ic)j+ (am — Ib)k,andv + w= (d + )i+ (e + m)j + (f+ n)k.
Therefore, (u X v) + (u X w) = (bf — ec + bn — mc)i — (af — dc + an — Ic)j + (ae — db + am — Ib)kandu X (v + w)
= [b(f + n) — (e + m)cli — [a(f + n) — (d + I)c]j + [a(e + m) — (d + })b]k
= (bf —ec + bn — mc)i — (af — dc + an — Ilc)j + (ae — db + am — [b)k, which equals (u X v) + (u X w).
64.% 65.(17,4.22), (—17,1.08) 66. f'(x) = log;(x — 5) + 1 67. %log4x — 3logy z
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Review Exercises (page 649)
L)

272

4. (3\/5, 377),(—3\/, —%)

7. x>+ (y—1)2=1 (b) circle, radius 1,
center (0, 1) in rectangular coordinates

10. (a) (x — 4)2 + (y +2)2 =25 (b)circle,
radius 5, center (4, —2)in rectangular
coordinates

13. Limacon without inner loop; symmetric with
respect to the polar axis

\
Y/

<

u=:

19. zw = cos 130° + isin 130";% = c0s 30° + isin30° 20.zw = 6(cos0 + isin0) = 6;% 2

21. zw = 5(cos 5° + isin 5");£
w

26. 3,3 (cos 120° + isin 120°), 3 (cos 240° + i sin 240°) or 3, ) + 7 by >

=5 (cos 15° + isin 15°) 22.? +

AN-75

ANSWERS Review Exercises

5. (2, —1), (—2, 3) 6. (5,0.93), (=5, 4.07)
2 2
8. (a) x> + y?> = 25 (b) circle, radius 5, center
at pole

9.(a)x —y = 0 (b) line through pole,

making an angle of % with polar axis

11. Circle; radius 2, center at (2,0) in
rectangular coordinates; symmetric with
respect to the polar axis

14.V2 (cos 225° + isin225°) 15.5(cos 323.1° + isin 323.1°)

16.— V3 + i

Imaginary
axis

18.0.10 — 0.02i

Real

Real
axis

axis

= é(cos 8m + isin 8l)
5 5

27

27\/§l,

2 23.4i 24.64 25.-527 — 3360

3 3V3. 3 3\V3

SALS - i
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AN-76 ANSWERS Review Exercises

27. , 8 29.v = 2i — 4j; |[v| = 2V5 30.v = —i+ 3j; v = V10 31.2i —2j 32.-20i + 13j 33.\/5
u
2
. 3v 34.\V5+5~724 35 —%i + ?j 36.v = %i + #j 37.120° 38. V43 = 6.56
utv

39.v =3i— 5§+ 3k 40.21i — 2j — 5k 41.\V/38 42.0 43.3i + 9j + 9k 44.0

V19, 3V19. 3V19 V19, 3V, 3V19

e R T TR e TR TR T AT
46.v-w = —11;0 = 169.7° 47.v-w = —4;0 = 153.4° 48.v-w=1;0 = 70.5° 49.v-w = 0;0 = 90°
50. Parallel 51. Neither 52. Orthogonal 53.v, = ii - éj;vz = gi + §j S4.vi = —(3i+j)va= 7li + 2j
5 5 5 5 10 100 10

55.a = 56.1%8 ~ 1387y =~ 682° 56.2\/83 57.—-2i +3j —k 58.0 59.1/29 =~ 539mi/h;0.4mi 60. Left cable: 1843.21 Ib; right cable:
1630.411b  61.50 ft-Ib  62. A force of 6972 Ib is needed to keep the van from rolling down the hill. The magnitude of the force perpendicular to the
hill is 7969.6 1b.

Chapter Test (page 651)

y
6.—=3 =3
T ory X

8.r%cos § = 5 is symmetric about the pole, the polar axis, and the line § = T
w
9.7 = 5sin 6 cos’ 0 is symmetric about the line # = —. The tests for symmetry about the pole and the polar
axis fail, so the graph of » = 5 sin 6 cos? § may or may not be symmetric about the pole or the polar axis.

10.z-w = 6(cos 107° + isin 107°) nY- %(cos 297° + isin 297°)
12.w5 = 243 (cos 110° + isin 110°)  °
13. 7y = 2V/2(cos 40° + isin 40°), z; = 2V/2(cos 160° + i sin 160°), z, = 2V/2 (cos 280° + i sin 280°)

21 = 2V/2(cos 160° + i sin 160°)

Imaginary axis

20 = 2V/2(cos 40° + i sin 40°)

Real axis

72 = 2V/2(cos 280° + i sin 280°)

M.ov=(5V2,-5V2) 15. v =10 16.u= — <\6 V2

M \2 2
19.v; + 2v, — v3 = (6,—10) 20. Vectors v; and v, are parallel. 21.Vectors v, and v; are orthogonal. 22.172.87° 23. —9i — 5j + 3k
24.a = 57.7°,B = 143.3° vy = 74.5° 25. V115 26.The cable must be able to endure a tension of approximately 670.82 Ib.

> 17. 315° off the positive x-axis 18.v = 5 V2i-5 \@j

Cumulative Review (page 652)

3 1 1
1. {-3,3} 2.y= ix 32+ (y-1)2=9 ¥ 4. {x x < f} or (—00,7) 5. Symmetry with respect to the y-axis
3 es: S 2 2
3.1 @1
5
0, -2)]
[TTTT
T
6. 7. y) 8 y) 9 T
2R 4} maE RS 6
EE (?’ ): LYAVAVAY TR\ AY
e, 1 - 2m
X X
\ \/ \wi
::::‘(1‘, O o W
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ANSWERS Section 10.2  AN-77

12. Amplitude: 4; period: 2

L4,

CHAPTER 10 analytic geometry

10.2 Assess Your Understanding (page 662)

6. parabola 7. axis of symmetry 8.latusrectum 9.c¢ 10.(3,2) 11.d 12.¢c 13.B 15.E 17.H 19.C

21. y* = 16x 23.x% = —12y 25.y% = —8x 27. x> =2y
y y y 1
mEE (4, 8) fases B unn Py wnn.| F—(0’§>
.y A sy [ | y
De = T v=0,0Dy=3 2N per=2 N\ s
V=000 F=ad0 55 > F=(-2,0) (-2,2) o 1)
20 x (=6, =3) N lﬁ? V=0,0 * P \ls /?sz
(6, —3) ¢ '3 AY
N VA AN (=2, ~4)s '
4, —8) [ N e V=00 |D:y=-3
F=(0,-3) EH
29.x% = —y 3L (x —2)?=-8(y +3) 3B.(y+2)2=4(x+1) 35. (x +3)2=4(y - 3)
T sl Y [EEEY s Fani F\i(_s"‘)y o
A 1 10 AR W RN mi 87
2% f2y V=3 Dix 2 TGO -5,4) A
2.1 (z,_> ' L V=(-33 ’
3’3/ 33 D:y=—1] L X _ x HHD:y =24+H-H
= (2, /TG 9 V= (-1, -\ =02 e
\ -_1 A N RS0, -9 HHH
F=(o,1 Diy=-% -
(’3)v=(0,0) 3 =9

V=(-1,-2)
I
I

39. Vertex: (0,0);focus: (0,1);

directrix: y = —1
y
F=(0,1 |
Nl Ao D)
A 7l
(=2,1) 21
V=00 25 x
Pipqapey
| -
|EEEEE

5
45. Vertex: (3, —1); focus: (3, _Z>; 47. Vertex: (2, —3); focus: (4, —3);

3
directrix: y = 2

y
v =6,-1)
FEEENI
< >
D:y=-% F =(3, —§>

| \ |
[ ]
[ |
L Y ]

53. Vertex: (—1, —1); focus:

3 5
(72, 71); directrix: x = 2

y
TR
Dix=—% -
(i
4 2] (3
i
V=11 S~y

directrix: x = 0

:y:tg @G

D:x=
[
[

55. Vertex: (2, —8); focus: (2, —

. . 33
directrix:y = ———
4
y
1 ]
1 1
/ [x
/
V=(2-8 f=(2,—4
%ﬁ H
Tpey= _%j

31
4

),

41. Vertex: (0,0);focus: (—4,0);

directrix: x = 4

y
X
49\ {Dir-4

F=(-4,0) \
e {ﬁ-»
V=H((w]’wu\, I v
=4, ~8)y 1
| < |

49. Vertex: (0,2);focus: (—1,2);

directrix: x = 1

4

L s

}H A l\)fx=1

HHH V=0,2)
F=(-12
T
HHH A x
T T 1]

(-1,0)

52.(y—1)2=x 59.(y—1)2=

43. Vertex: (—1,2); focus: (1,2);

directrix: x = —3
y
AT
D:x=-3 -
LA 6
V=(-12 F=(1,2)
&
IR
(1, —2) x
[TT1]

51. Vertex: (—4, —2); focus:
(=4, —1);directrix:y = =3

F=(-4-1y
—6, — X
( 6\’) \1\) (-2,-1)
D:y=-3
LLLllt
V=(-4-2)
—(x=2)

1
6L.x>=4(y—1) 63.y2=£(x+2)

65. 1.5625 ft from the base of the dish, along the axis of symmetry
67. 1 in. from the vertex, along the axis of symmetry

69.20 ft  71.0.78125 ft

73. 4.17 ft from the base, along the axis of symmetry

75.24.31 ft, 18.75 ft, 764 ft

77.(a) y = —%xz +630

(b) 567 ft:119.7 ft; 478 ft: 2673 ft; 308 ft: 479.4 ft

Copyright 2017 Pearson Education
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AN-78 ANSWERS Section 10.2

79. Cy> + Dx =0,C # 0,D s 0 This s the equation of a parabola with vertex at (0, 0) and axis of symmetry the x-axis.

2 _ D D
Cy*= —Dx The focus is <_E’ O); the directrix is the line x = ic The parabola opens to the right
D
2 _Y D D
y = Cx if _E> 0 and to the left if _E< 0.
8. Oy’ + Dx + Ey+ F=0,C # 0 (a) If D # 0, then the equation may be written as
EN> D E* — 4CF
Cy?+Ey=-Dx—F +7):_7< _7).
o (y 2C c\" " 4cp
2, E __D _F - . . —4CF _E
yo+ - ¢ This is the equation of a parabola with vertex at ~acD " 2c
E\? F E? and axis of symmetry parallel to the x-axis.

E? — 4CF < 0, is a single horizontal line if E2 — 4CF = 0, and

D

< C * 4c? (b)-(d) If D = 0, the graph of the equation contains no points if
2

D, E —4CF is two horizontal lines if £ — 4CF > 0.

C 4C?

82. (0,2), (0, —2), (—36,0); symmetric with respect to the x-axis 83. {5}

V89 8V/89 V89 V89 8 2V/10

M _5 . _— . —_ . —_— . —_ — p—
84.sin 6 = 39 ;cosf = 29 ;csch = 5 ;sech = 3 ;cotfh = 5 8s. 3

10.3 Assess Your Understanding (page 673)
Z.ellipse 8.b 9.(0,-5); (0,5) 10.5;3;x 1L (=2,-3); (6,-3) 12.a 13.C 15.B

X2 2 2 2
17. Vertices: (—5,0), (5,0); 19. Vertices: (0, —=5), (0,5); 21. I + % =1 23. % + y? =1
foci: (—V/21,0), (V21,0 foci: (0, —4), (0,4 ,
oc: ( ) ( ) oci: (0. =4), (0.4) Vertices: (0, —4), (0,4); Vertices: (—2V/2,0), (2V/2,0):
y y
Hs LD Fo ,;.57:‘0‘1‘)‘ oct: (0, — , (0, ocr (— V), 5
0.5 foci: (0, —-2V/3), (0,23 foci: (—V/6,0), (V6,0
0,2 (V2L . o R .
(5,0) (=3,0) 3,0) :ET
(=5,0) quﬁ'o 4 0,V2)
Vaspes et S fie @2V 1H‘ -2v3,0 i
YRR N BRESCRS (1) P Al
=9 RN Vool E
©,-2V3 24/ o VB8
T D, —4) 0, 7V2 1]
2 2 2 2 2 2 2 2
Y X Y X y x*y
5. 4 =1 i+ =1 297+ =1 =1
16 16 25 16 9 25 9 5
Vertices: (—4,0), (4,0) y
Y4 Yo ——rr
(0,—-4), (0,4) focus: (0,0) \ ;0; 5l 0. 4)2_‘0 e : (0 S)W (‘_‘2"0)5}7 0.V5)
7 = 50 ol 2 Now ) e e
oo x R bt P
,0) | o ©, =93 o-vs|
|| ]
H 0. -4
ER - » (x+1)
B+ =1 B+ =1 M+ o=1 39 +(y-1)2=1
2579 4713 AT 4 =1
y y 2
b [EE TR Y
TR 80, VI3) S m 41. (x—1)*+—=1
(=40) Slo, Elas o DAN ©, VIS A® D ( Y
| < 2ol ey Lofite.
X X
-5 * PR Bl
R oV 8 R
+5)? —4)? x +2)?
43. Center: (3, —1); 45, (x T ) + & 2 ) =1 47.(%-&-@—1)2:1
t 4 foci:
\Ezr :cis_(\/) ), 3( _1)+ c;%) Center: (—5,4); Center: (—2,1);
’ T vertices: (—9,4), (—1,4); foci: Vertlces (—-4,1), ( 1); foci:
’y S5 - 2V3.4), (-5 + 2V/3.4) - V3.1). (-2+ V3.1
G, _1+Y5T)5EL**J—H ( ) s ( ) )
,-1) 5,{2) 5.6 - T {ﬁ_}
ST et = (-5+2V3,49) 4‘,‘@‘2‘2‘\ -2+ V3,1
G- =D 9D e K149 A€ (0 1
G, -1-V5 13-4 (—S—Z\T‘ ‘A‘\ 59 \;514 T
X (-2-V3,1) (=2,0)
s Caif
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ANSWERS Section 10.4

(x-2)* (r+1)° (x-1)?% (y+2)° ,  (y+2)?
. = . = x4 =
49 3 5 1 51 ) 9 1 53.x ) 1
Center: (2, —1); vertices: Center: (1, —2); vertices: (1, =5), (1,1); Center: (0, —2); vertices: (0, —4), (0,0);
(2-V3,-1),(2+ V3, -1) foci: (1, =2 — V/5), (1, =2 + \/5) foci: (0, =2 — V/3), (0, =2 + V/3)
foci: (1, 1), (3, 1)
y o 0, 0
WWﬁTT\E EREEEdEuRER 0,-2+V3) HH
@ -y BTV (4, -2+V5) e D (-1,-2 (1,-2)
N eV Py seteiy: R NS by e
VA RFEE, o p /0T o0-2-va ¥ T
PRzt ) 1, =551, -2 - V5) (BRI
[l ?ﬁ‘”(z,—l -V2)
x—2)? +2)2 x —4)? -6)? x—2)2 - 1)?
I ) e IO o 72 -
25 21 5 9 16 7
pEY 4,9) Yy
I [mm > 2) gqﬁ,(z,uxﬁ)
(0, —{2) 2, i_2 +V21) - \/g’ 6] (4, 8) (-1, 1) =< (15" ‘1)
1 Tx @4 @+ V5,6) (-2,1) 36,1
(=3,-2) (7, ~2) d 16 S 17 Tx
f (4, -2) 346 @1
2 va e, Y &
2,-2-V21). 2, -2) e * 2,1-V7)
(x—1)° ) (x-1)% (y-2)°
T+ (y—2)2= . = .
61 10 (y—2) 1 63 9 9 1 65 ..
0, 4)
ZZ’JSLH’H HHy ,5) ] (=2,0) (2,0)
2D 2L 42 LA 25
1-410,2) a+V10,2) (_121 121 @2
\PhI5 x - ;
1, 2) M x
1,1)] i
2y
67. 69. 100 + 36 1 71.433ft 73.24.65 ft,21.65 ft,13.82 ft 75.30ft 77. The elliptical hole will have a
[T T 2
2,0 42,0 2
b5 x major axis of length 2\V/41 in. and a minor axis of length 8 in.  79. 91.5 million mi; w + 3 6: 675
\ ] )
2
81. Perihelion: 460.6 million mi; mean distance: 483.8 million mi; o >+ 4 =
0, -8) (483.8) 233,524.2

83.35 millionmi  85.5V5 — 4

87.Ax + Cy> + Dx+Ey+F=0 A#0,C#0
Ax*>+ Dx + Cy* + Ey = —F
D E
Al x* + +Cly*+—)=-F
(20 %)= el §)-
D \? E \ D> E?
A<x+ﬁ>+c<y+%>——F+a+E

D*  E? . . . . . . D E
— - - =
(a) If aA T ac F is of the same sign as A (and C), this is the equation of an ellipse with center at < A 2 C>
D*  E? E
(b) If A +— ic — F, the graph is the single point ( A E)
D*  E?
(c) If A + o F is of the sign opposite that of A (and C), the graph contains no points, because in this case, the left side has the sign opposite

that of the right side.

89. Zeros: 5 — 2\/§, 5+ 2\/5; x-intercepts: 5 — 2\/5, 5+2V3 90. Domain: {x|x # 5};Horizontal asymptote: y = 2; Vertical asymptote: x = 5
91.6171 ft-Ib  92.b = 10.94,¢ = 17.77, B = 38°

10.4 Assess Your Understanding (page 686)

7. hyperbola 8. transverse axis 9.b 10. (2,4); (2,-2) 11.(2,6); (2,—-4) 12.c 13.2;3;x 4.y = —gx;y = gx 15.B 17. A
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AN-80 ANSWERS Section 10.4

2 2 2
y y X
9.2 - —=1 21— - =1
T 16 20
,2V2 -
S :m y=‘2\s/§"————y5’f—§°z’6) 2V
vi=cLoRglv=ao v 00 NI A= 5
Fy=(=3,0) :: Fzgf’“) 7__ T eV5 0
02 Ve |
y=2V2x y=-2V2x Z s
Vi=(©,-4) F =(0,-6)
2 2 2 2 2 2
y y X X y
23 - =1 25— =1 27 - =1
16 36 9 8 8
4 o049 4 F,=(0,3V5) _ O zxf)
YT 373" y=FH:N_2x I/ ¥=2% TETY u
N H mum '—“’12!(0,6) V=(—2\/2J:;\ - ‘)—(Z\fﬂ)
M A n oV
_ IR Hx x =_M \W_4
Fi=(=5,0) F, = (5.0) N u=(0 6 Fr=( 4,&1 Fz} “,0)
v = NG “ N
0, -4 _
=9 Fy = (0,-3V5) ©,-2V2)
22 2 2 2
X y y y
290 —-=1 31———=1 B 2=
259 16 9
Center: (0,0) Center: (0,0) Center: (0,0)
Transverse axis: x-axis Transverse axis: x-axis Transverse axis: y-axis
Vertices: (—5,0), (5,0) Vertices: (—2,0), (2,0) Vertices: (0, —3), (0,3)
Foci: (—V/34,0), (V/34,0) Foci: (—2V/5,0), (2V/5,0) Foci: (0, —V/10), (0, V10)
3 Asymptotes: y = +2x Asymptotes: y = +3x
Asymptotes: y = g , .4 y= ‘_‘3‘x‘ v= i
= —ax =ax
, TG R0V
= _ 3 Hiffete,nH, = 3 | H (-1, 00/ 0,3)
PR Py =z - eo Essn oo
Fi= (V3,0 b = (V30 PO s £ % 2 I Vo= 0 -3 (B0
Vi= (5,02 ﬁi&x 1= w \ fﬁ“z 50 SN = 0, —viDy
0, =3)1"V, = (5,0 (0, -4)
2 2 - -
Yy oox V=05  F=(0,5V2) , 5
5. ———=1 y=-x v = 3.x"—y =1
» B NP4 )
Center: (0,0) s as 39 Yo xj 1
Transverse axis: y-axis (=50 “%-; ‘36 9
Vertices: (0, —=5), (0,5) AR ‘\‘*
Foci: (0, —5\[2), (0, 5\/5) ¢ ‘x
Asymptotes:y = tx i=0.-5)  Fi=0,-5V2)
(x—4)? (y+1)° (y+4)?° (x+3)° (y-7)°
41. - =1 43. - =1 45, (x =52 ———"=1
4 5 4 12 (x=5) 3
Fy=(=3,0
‘”(4 1+\f) +1=§(x—4) : (m) Y y+4=£(x+3) “(57+\f)y 7=V3@x-5)
H 2 V2=(=3,-2) 3 RN AT
Fi= 00 Nt - N - Vi=@,7) Y25 @D
1 P V3. R * F= o 2 = 0D
Vi= @ -1 Fy=(1,-1) (F3-2V3, 9 B (34 2V3 -9 =67 4 »
[ o L _ 7 NI >,
u ‘:\/{1 =6 1)\/5 Vi=(-3,-6 \i y+4= —ig(x +3) / H
y+l=—"-5x-4) Fy=(-3,-8 "x
@-1-V5) 2 = ) G7-V3)  y-7=-3x-5)
. (x—1)2_(y+1)2=1 " (x—2)2_(y+3)2=1 " e y+3=%(x_2)
o4 9 o4 9 -y \[2 /7
=3 pr1=36en Center: (2, —3) Vi= (0;, \_\Si F" 24V
R a2 Transverse axis: parallel to x-axis HA F2= Q2+ VI3, —
| 7 -p &
NG . Fi=@-V13,-3) V,=(4,-3)
.- : Vertices: (0, —3), (4, —3) H ‘Hz
Fi=01-V13 1) x Foci: (2 - V13, *3), (2 + \/r, *3) (2,-6) y+3= _2(x_2)
’H} ‘"2=(1+\/173,—1) 3 2
Vi=t, i_ili) L Yz= G,-1 Asymptotes:y + 3 = tE(x -2)

-4
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(y-2)°
4
Center: (—2,2)

51.

- (x+2)2=1

Transverse axis: parallel to y-axis

Vertices: (—2,0), (—

2,4)

Foci: (=2,2 — V/5), (=22 + \V/5)
Asymptotes:y —2 = £2(x +2)
y—2=-2x+2) y —2=2(x+2)
Fy= (2,2 +VHOI LIV, = (-2,4)
(-2,2) L
oo
v RN
HARA= 22V
—2)2
57.(y 2 ) - (x+1)2=1

Center: (—1,2)

Transverse axis: parallel to y-axis
Vertices: (—1,0), (—1,4)

Foci: (—1,2 — V5),

(-1,2+ V5)

Asymptotes:y —2 = +2(x + 1)

y=2=-=-2(x+1) y

y=2=2(x+1)

53.

59.

(x+1)> (y+2)°
i !

Center: (=1, —2)

Transverse axis: parallel to x-axis

Vertices: (—3, —2), (1, -2)

Foci: (=1 — 2V/2,-2), (=1 +2V2, -2)

Asymptotes:y + 2= £ (x + 1)

-1,0) Y
4 y+2=x+1
#

N 7

Fi=(-1-2V2,-2)
V=32
A

X
~F,=(-1+2V2,-2)
‘ Ve= -

+2=—(x+
1,78 (1,52 7 wrh

(x=3)> (y+2)
T

Center: (3, —2)

Transverse axis: parallel to x-axis

Vertices: (1, =2), (5, =2)

Foci: (3 —2V/5,-2), (3 +2V/5,-2)

Asymptotes:y +2 = +2(x — 3)

y+2=2x-3)

y+2=-2(x-3)

61.

ANSWERS Section 10.4 AN-81

5. (x—1)2— (y+1)2=1

Center: (1, —1)

Transverse axis: parallel to x-axis
Vertices: (0, —1), (2,—-1)

Foci: (1 — V2, -1), (1 + V2,-1)

Asymptotes:y + 1= £ (x — 1)

y -
y+1=—(-1]3] y+l=x-1

Fi=1-V2,-1)

X

P’ f2=(1+Vi, -1

Vi=(,-1 ”’AY\Vz =2 -1)
Ll

(y-1)?°
4

Center: (—2,1)

Transverse axis: parallel to y-axis

Vertices: (=2, —1), (=2,3)

Foci: (—2,1 — \V/5), (2,1 + V/5)

Asymptotes:y — 1= £2(x + 2)

F,=(-2,1+V5)

- (x+2)2=1

(1,2 ] EF, = (-1,2 +V5) (3,2),7 M y-1=
=22 Jum V?=(—14) \F fi j}x y_1=_2(x+\2\’\h \ ﬁy“l—Z(x+2)
Vi= (10,2 ’ I T 1y N2V T (2
; ‘ Fy=(3-2V5,-2) Fy = (3 +2V5,-2) (-2,1)
7 ¥ Vi ‘ X (=3, Di¥efCLD
F, = (-1,2-V5) Vi=(1,22) ‘ V=6 -2) _ [REmE -
/ 5 il | ™2 3 Vi=(-2-1)
- AN -y ' FHAAT
Fi=(-2,1-V5)
63. y 65. y 67. Center: (3,0) yi 39
}M‘N; WW Transverse axis: parallel to x-axis AH
- 7= . Ha O)JY‘EJWH—H
y= 2 Yy =2 — VI Vertices: (1,0), (5,0) F,=(3-V29,0) LFy = (3 +V29,0)
NfAy = 2x ¢ *‘T‘ﬁ" X | I
£ 0% Foci: (3 — V29,0), (3 + V29,0) HEHA x
* (7 Q‘fa 5 V,=11,0) ':“/:]'1=(590)
vy = +2(y —
Asymptotes:y = *+ 2 (x—3) G.=s)
(x=5)° ¥
69. Vertex: (0, 3); focus: (0,7); Nn———+-=1 73. (x = 3)2=8(y +5)
directrix 1 J 25 Vertex: (3, —5); focus: (3, —3)
y=— x: (3, =5); focus: (3, =3);
7 Center: (5, 0); vertices: (5,5), (5, =5); . .
. directrix: y = =7
F=0.7,, foci: (5, —4), (5,4)
M v =¢5,5)
S St i SR
V=0,3) (. 0)3(3,0) F=(3,-3) ! *
R @0 4k |
Diy=-1 T ; Fy=(5,-4) V=0(-5
HHy, T 25 D:y =711
2y
75. The fireworks display is 50,138 ft north of the person at point A. 77.The tower is 592.4 ft tall. 79.(a) y = £x (b) 100 " 100~ 1L,x =0
81. If the eccentricity is close to 1, the “opening” of the hyperbola is very small. As e increases, the opening gets bigger.
2
X 1
83. % — )y =1, totes: y = * X
s 7 ; asymptotes: y ) E y-=1
25 1
2 10, 1) y=2x
2 X . IR 2
Yo7 = 1; asymptotes: y = =+ PR Nanst Y eo
£ ~ x\iz_ 2 =1
HOSY o
2oL
X2 y?
85. A’ + Cy’+F=0 If A and C are opposite in sign and F # 0, this equation may be written as 7 + 7 =1,
Ax? + Cy2 =-F (_Z> (_E)
F
where —— and —— are opposite in sign. This is the equation of a hyperbola with center (0, 0). The transverse

axis is the x-axis if Y > 0; the transverse axis is the y-axis if Y < 0.
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3 2 —3)2 = Q- ¢ ;
87. Amplitude = >; Period = —; Phase shift = — — 90.x" + (y = 3)” = 9;circle, radius 3, Y
2 3 2 center at (0, 3) in rectangular coordinates
y
\
]/ yimhd
~(m,_3
53

88.c = 13.16,A = 31.6°, B = 48.4° 89. (6, —6\/1‘;)

10.5 Assess Your Understanding (page 696)

A-C
5.cot(20) = 5 6.d 7.B*>—4AC<0 8c 9.T 10.F 11.Parabola 13.Ellipse 15. Hyperbola
2 2 2 2
17. Hyperbola 19. Circle 21.x=%(x’*y’),y=%(x’+y’) 23.x=7(x’*y’),y=%(x’+y’)
1 1 5 5 13 V13
25.x:*(x’—\/gy’),y:*(\/gx’+y’) lezi(x’—2y’),y:£(2x’+y’) 29.x:£(3x’—2y’),y:7(2x’+3y’)
2 2 5 5 13 13
31. 6 = 45° (see Problem 21) 33. 0 = 45° (see Problem 23) 35. 6 = 60° (see Problem 25)
yf2 y!2 x12
2 _ 2 24l 42 =
X 3 1 X 1 1 1 y 1
Hyperbola Ellipse Ellipse
Center at origin Center at (0,0) Center at (0,0)
Transverse axis is the x'-axis. Major axis is the y’-axis. Major axis is the x'-axis.
Vertices at (£1,0) Vertices at (0, +2) Vertices at (£2,0)
y y y
25107 Nt s aspA
PN 0 O DA LAY
\ 25 25 Y 2.5
-1,0) * Hx EE %
i U 20
AT N A
7
37.0 = 63° (see Problem 27) 39. 0 = 34° (see Problem 29) 41. cot(20) = EY%
y,2:8x, (X' _2)2 2
Parabola 4 tyr=1 0= Sin-l(g) ~ 37°
Vertex at (0,0) Ellipse ’
Focus at (2,0) Center at (2,0) (x' —1)2 = _6()}, _ l)
. yL Major axis is the x'-axis. 6
47 o iﬁﬁ Vertices at (4,0) and (0, 0) Parabola .
y ,0)] y Vertex at (1, 7>
G e 6
: i \
“;:0) Focus at (1, —5)
151x
2, -1)
1
i, E)
.,
T
_4
e

43. Hyperbola 45. Hyperbola 47. Parabola 49. Ellipse 51. Ellipse
53. Refer to equation (6): A’ = A cos’0 + Bsin 6 cos 6 + Csin’0

B’ = B(cos*§ — sin*0) +2(C — A) (sin 6 cos 0)
C' = Asin*6 — Bsin 6 cos 6 + C cos>6
D' = Dcosf + Esinf
E'=—Dsinf + Ecos 6
F' =F
55. Use Problem 33 to find B'?> — 4A'C’. After much cancellation, B'> — 4A'C’ = B% — 4AC.
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57.The distance between P, and P, in the x'y’-plane equals V/ (x,' — x;)2 + (yo' — y1')%.
Assuming that x’ = x cos § — ysinf and y’ = xsin 6 + y cos 6, then
(X' = x1")2 = (x,c08 60 — y,sin § — x;cos 6 + y;sin §)>

= cos?0(x, — x;)% — 2sin B cos O(x, — x;) (y» — y;) + sin?6(y, — y;)? and
(3" = y1")? = (x,8in 0 + y,cos 0 — x;5in§ — y,cos 0)% = sin®f(x, — x;)> + 2sin B cos O (x, — x;) (yo — y1) + cos>0(y, — y1)%.
Therefore, (x," — x1")% + (y2' — y1')% = cos?0(x, — x;)? + sin? 0 (x, — x;)% + sin? 0 (y, — y1)% + cos?6(y, — y;)?
= (x, — x1)%(cos?0 + sin®0) + (y, — y;)2(sin®0 + cos?0) = (x, —x1)2 + (y, — y)>
61. A =~ 394° B =~ 54.7°,C ~ 85.9° 62.38.5 63.r’cosfsinf =1 64. \/23((:08 291.8° + isin 291.8%)
10.6 Assess Your Understanding (page 703)
3. conic; focus; directrix 4. 1; <1;>1 5. T 6.T 7 Parabola;directrix is perpendicular to the polar axis, 1 unit to the right of the pole.

4 3
9. Hyperbola; directrix is parallel to the polar axis, 3 units below the pole. 11. Ellipse; directrix is perpendicular to the polar axis, 5 units to the left of the pole.

13. Parabola; directrix is perpendicular to the
polar axis, 1 unit to the right of the pole;

15. Ellipse; directrix is parallel to the polar axis, 17. Hyperbola; directrix is perpendicular to the

polar axis, 5 units to the left of the pole;

vertices are at (—3,0) and (1, 7).

8 . .
3 units above the pole; vertices are at

8 3
(;, 5) and (8, 7)

vertex is at > O).

o Y Directrix Directrix }y
- [ (3,7
Al (L, ENESIEVIEE
I’E/ 2’ 8 = -3 ‘0‘ Y
A ] POl_ﬁl' . X 7°2 ’ (1,7)| Polar
L 3,,}]77777—’-7 X axis Directrix Y 5 v axis
’2) @) 22,0 Polar (3 3a!
RN - X axis \"2

19. Ellipse; directrix is parallel to the polar axis,
8 units below the pole; vertices are at

21. Ellipse; directrix is parallel to the polar axis,
3 units below the pole; vertices are at

23. Ellipse; directrix is perpendicular to the polar
axis, 6 units to the left of the pole; vertices are
at (6,0) and (2, 7).

(8, g) and

8 37 T 6 3
(3, : ) <6, 2) and (5, ” )

Directrix Y4
] 5

L7<3’

3)

y} H M y7,<6’§> em AT
(&%) ' 4,0 i i i < Hq (6, 0) Polar
o= o Potar enf | Jen EEE:
[ /s 3 i Polar o 3m)
(O (8,22 [5]x axis £<3,—\
MMDirectrix|\ 3~ 2 i 2)
6 3 #~- Directrix
(%)
25,02 +2x—1=0 27.16x2 + 7y? + 48y — 64 =0 29.3x> — y? + 12x + 9 =0 3L 4x? + 3y> — 16y — 64 =0
33,90+ 5 — 24y — 36 =0 3832+ 42— 12 —36=0 ¥Mr=—— 39,=_— = p= 2
: Y Y : Y ) 1+sing ~°  5—4cosf 1—6sin6
43.Use d(D, P) = p — rcos 0 in the derivation of equation (a) in Table 5. 45. Use d(D, P) = p + rsin 6 in the derivation of equation (a) in Table 5.
5
47.2781 48. Amplitude = 4; Period = 107 49. {g . ?”} 50. 26
10.7 Assess Your Understanding (page 714)
2. plane curve; parameter 3.b 4.a 5.F 6.T
7y 9. 11. y 13.
} 5 10 5
- X 10/ x 3 x
12H+—+x i
I I
x—3y+1=0 y=Va2 y=x-8 x=3(y-1)?
15. y 17. 19. y 21.
-4
/
3 x X x
Jx
A >y
= = 53 4= 4=
2y =2 +x y=x 4 9 1 4 9 !
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2. }L, A 25 A i T hack and 27. x =1t or x= %
2 forth twice
::,:1(1\/12‘1,111)’:: L y=4r—1 y=t
1 29. x =1t or x=1¢3
pARER y=12+1 y=1"+1
) . _ 3. x =1t or x=Vt
x*—y =1 x+y=1 y=t3 y=t
3. x=t or x=1p3

y=tB1t=0 y=2t=0
B.x=t+2,y=t0=t=5 3Lx=3cost,y=2sint,0=t=2m
39.x =2cos(mt),y = —3sin(mt),0 =t =2
41.x = 2sin(27t),y =3 cos(2mt),0 =r =1

49.(a) x =3 51. (a) Train: x; = /2, y; = 1; 53.(a) x = (145 cos20°)t
y = —16t> + 50t + 6 Billx, = 5(t—5),y, = 3 y = —16:> + (1455sin20°)¢ + 5
(b) 3245 (b) Bill won't catch the train. (b) 3208
(c) 1.56 s;45.06 ft (c) NOR (c) 435.65 ft
FLO (d) 1.555;43.43 ft
Bill © ﬂ
Train
..
0 100 0 440
t=38
—120
55.(a) x = (40 cos 45°)t 57. (a) Camry: x = 40t — 5,y = 0; Chevy Impala:x = 0,y = 30t — 4
y = =490 + (40sin 45°)¢ + 300 (b) d = \/ (40t — 5)2 + (301 — 4)2 (d) 0.2 mi; 768 min
(b) 11.23s (C) NORMAL FLOAT AUTO REAL RADIAN MP
(¢) 31752 m 7

) 2.89s; 340 82 m

0 0.2 i

2 2
59.(a) x = %vot, y=—16> + %vot +3  (b) Maximum height is 139.1 ft. (c¢) The ball is 272.25 ft from home plate.
(d) Yes, the ball will clear the wall by about 99.5 ft. 61. The orientation is from (x1,y;) to (X2, ).

65. _zi 66. y : y=sin§
of A
. |
2| / I
“““ L A Tx
SRS ZARE by
r y =2 cos(2x)
_4,
_6,

2
67. Approximately 2733 miles  68. (a) Simple harmonic (b) 2m (c) % s (d) — oscillations/s
s
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AN-85

ANSWERS Review Exercises

1. Parabola; vertex: (0,0); focus: (—4,0); directrix: x = 4 2. Hyperbola; center: (0, 0); vertices: (5,0) and (=5, 0); foci: (\/276, 0) and (—\/276, 0);

asymptotes: y = %x andy = —%x 3. Ellipse; center: (0, 0); vertices: (0,5) and (0, —5); foci: (0,3) and (0, —3)

2 2
4. x> = —4(y — 1): Parabola; vertex: (0, 1); focus: (0, 0);directrix:y =2 5. % - % = 1: Hyperbola; center: (0, 0); vertices: (\/2, 0) and (*\[2, 0);
foci: (\/E, 0) and (—\/16, 0);asymptotes:y = 2xand y = —2x 6. (x — 2)% = 2(y + 2): Parabola; vertex: (2, —2); focus: (2, —%); directrix: y = —%
-2 2
7.% — (x — 1)% = 1: Hyperbola; center: (1,2);vertices: (1,4) and (1, 0); foci: (1,2 + \@) and (1,2 — \/g);asymptotes:y -2=12(x—-1)
(x=2)> (y-1)° : . .
8. 9 + 2 = 1: Ellipse; center: (2, 1); vertices: (5,1) and (—1,1); foci: (2 + Vs, 1) and (2 — V5, 1)

9. (x — 2)%2 = —4(y + 1): Parabola; vertex: (2, —1); focus: (2, —2); directrix: y = 0

o DT 1)
: 4 9
11. y? = —8x
y
HHS H
2N D=2
F=(z2,0
V=0,0 x
(24
[
4. (x —2)2=—4(y +3)
y
H\‘
D:y=-2 x
0, 11\ ““2,—3)
BB NTR
v N
e )
1 (x+1)° (y—2)271
T9 7
y=2=-YL x4 1) y, (-L2+V7)
3 s vl
PO A T
V1= (=42 V,=(2,2)
Fy=(-5,2) =32
5 *
#(-1]2)
y—2=\/—Z x+1)  (-1,2-V7)
”
y
24.x7 -~ =1
T
Hyperbola

Center at the origin
Transverse axis the x'-axis
Vertices at (+1,0)

y
Ay s
7 S X
I

% i

. (

i ASJ
L0 35

A

|l

N

Y

27. Parabola; directrix is perpendicular to the
polar axis, 4 units to the left of the pole;
vertex is (2, 7).

Directrix y

S

2
(2, 7)) Polar
5 x axis

15.

18.

25.

28.

= Yy
V2= OB R = 0,4

V3 S “y =

N
|

X
= TR (2V3,0)
Vi= (0, =2)1F = (0,—4)

2
(x+2)2—@=1

y+3=-V3@+2) y, y+3=V3@x+2)
i“ 2 /(-2,-3+V3)

b

X

-~
|
,%
)
=

x
F,=(0,-3)
LT
Vy=(-1,-3)
|

=23
yo1=—F -3 fe,3 6
Vi= O V2= (6,1)

== F,=(3+V13, 1)
X

[
Fi=G-V13, 17y N
y—1=§(x—3)‘w

2
er y’

2 * 4
Ellipse

Center at origin
Major axis the y'-axis
Vertices at (0, £2)

=1

y
TTTTT v 1]
0,2) 21/
h N
’ N
Yy \
\\ x
~N
S 0, -2),

Ellipse; directrix is parallel to the polar axis,

6 units below the pole; vertices are <6, % and

&

A2
T I
I \

3, m)\ [ G0 polar
EE 5 x  axis
3|
2,2/1

Directrix

Copyright 2017 Pearson Education

19.
21.
23.

= 1: Ellipse; center: (1, —1); vertices: (1,2) and (1, —4); foci: (1, -1 + \/g) and (1,1 — \/5)

v
)
I
-
|
>
*®
&

Vi=(=4,0)

Parabola 20. Ellipse
Parabola 22. Hyperbola
Ellipse

4V13

26.y"% = — x'

13
Parabola
Vertex at the origin

Focus on the x'-axis at (—?13, O)

y
5]
I

X

)

T
[
X

C 5 x

29. Hyperbola; directrix is perpendicular to the

polar axis, 1 unit to the right of the pole;
2
vertices are (5’ O) and (=2, 7).

Y4 Directrix
e |
(%0}!} (=2,m)
= Polar
o 3 x axis
(z,’f}
Ll
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30.y> -8 —16=0 31.3x>—y>—8 +4=0

32. y 33. y 34, y
o wodl e
1 e e o
e (=3.2) .2 amamy?
SRS ik LOT
10, -2 HH
x+4y=2 2 (r-2)° T+y=x
+ =1
9 16
T x? y y
B[.x=ty=-2t+4,-00<t<0o0 36.x=4cos|t),y=3sin(1),0=r=4 37— —-——=1 38Theell1pse —=1
2 S 4 16 7
t—4
x:?,y:t,—w<t<w

39. % ft or 3in. 40.19.72 ft, 18.86 ft, 14.91 ft 41.450 ft

42. (a) Train: x; = %tz, y=1 (¢) i 43.(a) x = (80 cos35°)t
Mary: x, = 6(t — 2),y, = 3 5 y = —16:>+ (80sin35°)r + 6 0
(b) Mary won't catch the train. Mary = —— (b) 2.5932 5
(c) 1.4339 s;38.9 ft 0 250
Train | —— (d) 196.15 ft
0 t=8 100 n"

Chapter Test (page 720)
. . 3 3
1. Hyperbola; center: (—1,0); vertices: (—3,0) and (1,0);foci: (=1 — V13,0) and (=1 + V13,0); asymptotes: y = _E(X +1)andy = E(X +1)

1 3 5
2. Parabola; vertex: <1, _E>; focus: <1, 5), directrix: y = )

3. Ellipse; center: (—1,1); foci: (=1 — V3, 1) and (=1 + \/g,l);vertices: (—4,1) and (2,1)

2 2 _ 2 _
y (r—2)7 (-2
4 (x+1)2=6(y—3 5.5+ =1 ' - =1
(r+1)7=6(—3) 7 716 673 8
. y y ¥4 _
g FEAT=0e EE L
Ahunmel 2 +V10,5)
. 41;, ‘,ﬁ#mg (—\5,0)7?‘;1 Y70 H “ 22
[ D:iy=15 EERVAS AR @-2V2 )b X 3¢ +2V2,2)
L IHEEE | I 8
v=CUyTTTSx =09 ENES
7. Hyperbola 8. Ellipse 9. Parabola 32 e+ 2
10. x'2 + 2y’2 = 1.This is the equation of an - y - 11. Hyperbola; (x + 2)2 3 =1 12.y=1- 3
ellipse with center at (0, 0) in the x'y’-plane. % Z=xt¥ y
The vertices are at (—1,0) and (1,0) in the |- /85L& ) FsH
! m M * i
y'-plane. H 21f a0
- N a5 r
TS5, —2)
SHde, -~y
IINNENEEEE}

2
13. The microphone should be located 3 ft from the base of the reflector, along its axis of symmetry.
Cumulative Review (page 721)
1.—-6x+5—-3n 2. {—5, —%, 2} 3.{x|-3=x=2}or[-3,2] 4. (a) Domain: (—00, 00); range: (2, )

(b) y = logs (x — 2);domain: (2, ); range: (—o0, ) 5. (a) {18} (b) (2,18]

2
6@y=2-2 M) (-2 =4 @S L= @y=26-1) @1 @y=4

4
S T
24 =27 4 0="
7.0 = 1 ) wk, k is any integer; 0 = o wk, k is any integer 8.6 6
. 3m . . o x?
9.r = 8sin 6 y 10. § x|x # R + wk, kisaninteger p 11. {22.5°} 12.y = 5 +5
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CHAPTER 11 Systems of Equations and Inequalities
11.1 Assess Your Understanding (page 734)

3.inconsistent 4. consistent; independent 5. (3, —=2) 6. consistent; dependent 7.b 8.a 9. {§E§; ; 2%:3 :Z
1
3(2)—4<5>= 4-1=3 3(1) +3(—1) +2(2) =4 3(2) +3(=2) +2(2)= 4
11. 1 1 1 13. 1 15. 1- (-1) -2 =0 17 2 =3(-2)+ 2 =10
7(2)—3<7)=—7 —~(4)+1=3 2(-1) —3(2) = -8 5(2) —2(-2) —3(2) 8
2 2 2 2
19.x =6,y =2; (6,2) 21.x =3,y = —6; (3,-6) 23.x =8,y = —4; (8,—4)
y y V) 3x=24
S kg e
xr+y=8 \ = _

R ey el
smy=af zrdv=—do -6 i SN
e H SN SRtz
1 1 /1 1 3 3
25x—§,y——g,(§,—g) 29.x—5,y—3,(5,3)
Y y
FENCH (L 1 SNA T
se+ay=1N 3" "¢ §,3>
HHH / \2

- x x
3x—6y=2 2x—y=0,
et kot
T T
4r +2y=12
. -Xx . 3 3
31 {(x,y)|x = 4 — 2y, yis any real number},or 4 (x,y) |y =T,xls any realnumber ¢ 33.x =1,y =1;(1,1) 35.x = E,y =1; 5,1

4 1

41 1 1
39.x—§,y —g, <§,§) 41.x—§,y —g,

1; (2,—1,1) 47 Inconsistent 49. {(x,y,z)|x =5z — 2,y = 4z — 3; z is any real number} 51. Inconsistent
1
1. _3 —

Lot
59. 23 commercial launches and 69 noncommercial launches 61.22.51b  63. Smartphone: $325; tablet: $640
65. Average wind speed 25 mph; average airspeed 175 mph  67. 80 $25 sets and 120 $45 sets

11
3.x=4,y=3;(4,3) (g,g) 3. x=8,y=2,2=0;(8,2,0)
45.x =2,y =1,z =

1
53.x=1,y=3z7=-2(1,3,-2) S5.x=-3,y=-27= 1) 57. Length 30 ft; width 15 ft

71. Mix 50 mg of first compound with 75 mg of second. 73.a = -, b =

79. 100 orchestra, 210 main, and 190 balcony seats
83. If x = price of hamburgers, y = price of fries,

and z = price of colas,thenx =55 — z,y
There is not sufficient information:

41
=—+
30

4

3
81. 1.5 chicken, 1 corn, 2 milk

%z, $1.20 = z = $1.80.

85. It will take Beth 30 hr, Bill 24 hr, and Edie 40 hr.

89. y
6

oLy

6 X

=6 0,-1

LI o

11.2 Assess Your Understanding (page 750)

1 =55 2
1. matrix 2. augmented 3. third;fifth 4.T 5.b 6.c 7.{ } 9.{
4 3|6 4
1 -1 1|10 11 -1]2 ; _1 _; _1(1)
13.| 3 3 05 15.|3 -2 0]2 17. 3 4 ol s 19.{
1 1 2 2 1|1
>3 4 -5 1] o
x—3y+4z=3 (1) [1 -3 4] 3 x—3y+2z=
21. 3x—5y+6z=6 (2);]0 4 —6|-3| 23.4 2x—5y+3z=
“Sx+3y+4z=6 (3) [0 —-12 24| 21 —3x — 6y + 4z =

90. —2i,2i,—6,6

91.% 92.2(cos 150° + i sin 150°)

-6
—4

Copyright 2017 Pearson Education

69. $9.96
5 10 65 55
_5,6_1 75.Y—9000,r—0.06 7111—77,12—77,13—77
$4.26 | $4.02 |$3.72
$1.78 | $1.86 |$1.96
z $1.24 |$1.48 |$1.78
3 6} ” {0.01 -0.03 0.06}
-6| -2 1013 0.10| 0.20
x—3y=-2 (1)[1 —3‘—2}
2x—5y= 5 (2)'[0 11 9
(H [t -3 2| -6
(2);]0 1 -1 8
6 (3) L0 —15 10| —12
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Sx=3y+ z=-2 (1) |1 7 -11| 2
25. 2x — Sy + 6z 6 -2
—4x+ y+4z= 6 (3) L0 -9 16| 2

Il

|
[\e]
—
S
=
S}

|
o)

27, {x - r=1
y=-1 29.4y=2
Consistent;x = 5,y = —1lor (5, —1) 0=3
Inconsistent
x+2z=-1 x =1 Xy +dxy, =2 X+ x4=-2
3.y —4z=-2 33.8 Xy txs=2 35.4x) +x3+3x,=3 37, Xy +2x4= 2
0= 0 X3+ 2x4 =3 =0 x3— x3= 0
Consistent: Consistent: Consistent: 0= 0
x=-1-2z x=1Lx=2-x X, =2 — 4x, Consistent:
y=-2+4z X3 =3 —2x4 Xy =3 —x3— 3x4 X; = —2—x4
z is any real number or X41s any real number or X3, X4are any real numbers or X, =2 —2xy
{(oyz)[x=-1-2z {(er, x5, 24) |20 = 1, {200, 33, 20) [ X1 = 2 — dixg, X3 =X
y=—-2+4z, Xy =2 — X4, X3 =3 — 2xy, X, = 3 — x3 — 3xy, X3, x4are x4 1s any real number or
z is any real number } X4 is any real number } any real numbers } {(x1, X2, %3, X4) | X1 = =2 — x4,

Xy =2 — 2X4, X3 = Xy, X418 any
real number}

39.x =6,y =2;(6,2) 4l.x = %,y = %; (%, %) 43.x = 4 — 2y, y is any real number; { (x,y) | x = 4 — 2y, y is any real number}
3 3 4 1 /41 .
45.x=5,y=1; 5,1 47.x=§,y=§; 35 49.x=8,y=2,z=0;(8,2,0) 5l.x=2,y=-1,z=1;(2,—1,1) 53.Inconsistent

55.x = 5z — 2,y = 4z — 3, where z is any real number; { (x,y,z) | x = 5z — 2,y = 4z — 3, z is any real number} 57. Inconsistent

1 1 1 2 12
59.x=1,y=3,z=-2;(1,3,-2) 61.x=—3,y=5,z=1;<—3,§,1> 63.x=§,y=§,z=l;<§,§,l)

65.x=1,y=2,z=0,w=1;(1,2,0,1) 67y =0,z =1 — x, xis any real number; { (x,y,z) | y = 0,z = 1 — x, x is any real number}

13 7 19 (13 7 19

69.x =2,y=2z—3,zi 1 ber; =2,y=2z—-3,zi 1 b Mx=—y=—"2z2=—";|" 752
X V=2 , z is any real number; { (x,y,z) | x V=2 , z is any real number } X 9,y 18,z 18’(9’18’18)
73 x—z—é —gw = —§-b-z +f13w where z and w are an realnumberS'{(x w) x—z—é —gw = —§+z +L3w
. 3 SZ 5 , Y 5 SZ 5" z y 5 sV 2, 5 SZ 5 , Y 5 SZ 5"

z and w are any real numbers} 75.y = —2x>+x+3 T%.f(x) =3x"—4x* + 5 79.15 salmon steak, 2 baked eggs, 1 acorn squash
16
23

4 28
S h=2L=__L=>
2 s 43 23

81. $4000 in Treasury bills, $4000 in Treasury bonds, $2000 in corporate bonds 83. 8 Deltas, 5 Betas, 10 Sigmas  85. [} = X

Ay

87. (a) Amount Invested At (b) Amount Invested At (¢) All the money invested at 7% provides $2100,
more than what is required.
7% 9% 11% 7% 9% 11%
0 10,000 10,000 12,500 12,500 0
1000 8000 11,000 14,500 8500 2000
2000 6000 12,000 16,500 4500 4000
3000 4000 13,000 18,750 0 6250
4000 2000 14,000
5000 0 15,000
89. [ First Supplement | Second Supplement | Third Supplement 94. {x|-1 <x <6} or (-1,6)
50 mg 75 mg 0 mg 95 K
36 mg 76 mg 8 mg s (—% 2)
22 mg 77 mg 16 mg / (3, %)
8 mg 78 mg 24 mg 7/f7<_‘,y=2
6 <\(1,0) 6 x
(_E’ o) L0, -1)
x=-1

96. {x|x is any real number} or (—c0, ) 97.2.42
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11.3 Assess Your Understanding (page 763)

5 3

1. ad — 2.
ad — bc 3 _a

3.F 4F 5F 6.a 7.22 9.-2 11.10 13.-26 15.x =06,y =2;(6,2)

ANSWERS Historical Problems

19.x =8,y =—-4;(8,—-4) 2l.x=4,y=—2;(4,-2) 23.Notapplicable 25.x = %,y = %; (%, %) 27. x

29.x=§,y= 1;(3 1) 31.x =

2 2

35

§,y=§;<4 1) B.x=1,y=3,z=-2;(1,3,-2) 3B.x=

2

1
-3y=52z=

AN-89

17.x =3,y =2, (3,2)

=13y =

L (L2)
5°\10°5

1
1; (—3, > 1)

37. Not applicable 39.x =0,y =0,z = 0;(0,0,0) 41.Not applicable 43. -4 45.12 47.8 49.8 51.—-5 53. % 55.00r =9
57 (yi—y2)x — (x1 —x2)y + (x1y2 —x2y1) =0
1 = y)x + (2= x1)y = X1 — X102
(= x1)y = (p = x)y1 = (2 = y1)x + x01 — X2 — (X2 — X))

(o=x)(y=—y1) = —y)x— = y)n

y—n-=

_ TN
X2 — X

(x —x1)

59. The triangle has an area of 5 square units. 61. 50.5 square units  63. (x — 3)2+ (y +2)2 =25

65.1f a = 0, we have
by =s
cx +dy =t
Thus, y = % and
_t—dy i —ds
c bc
Using Cramer’s Rule, we get

X

If b = 0, we have

ax =s
cx+dy =t
Since D = ad # 0, then
a # 0andd # 0.

s
Thus, x = —and
a

If ¢ = 0, we have
ax + by =s
dy =t
Since D = ad # 0, then
a# 0andd # 0.

Thus, y = 2 and

If d = 0, we have
ax + by =s
cx =t
Since D = —bc # 0, then
b # 0andc # 0.

t
Thus, x = —and
c

sd —tb _th —sd _l—cx _ta—cs s—by  sd— bt y=s—ax=sc—at
YT obe T ke T d x=— = b be
y = s _ s Using Cramer’s Rule, we get Using Cramer’s Rule, we get Using Cramer’s Rule, we get
“he b x:ng xﬁsd*bt x:;;bzﬁ
ad a T ad —bc ¢
=m—cs at ¢ y:at*sczscfat
ad Y= ud 4 —bc bc
ary ap ais
67. |kay kay kay| = —kay (anass — apais) + kap(apnass — azai3) — kax(anan — azai)

asy az as3
app ap a3
= k[ —ay (apazs — apaiz) + ap(anas — asai3) — as(anan — azap)] = klay  ayn  ax
asy  dzxp a4z
ay + kay  ap + kay ap + kay
69. an [25%) ars

azy asz as3
= a11aya33 — a11a3ax + RiGiopess — RiGiasgtes — 12021033 + 412031003
— Kazoméiss + Kapuseias + 130213, — 4130310y + Kagstoréss — Kazstgrées
= ay1axa33 — Ayasdy; — Apdydss T apdsiiys + a3y az — 130314
ayy (anass — anayy) — ap(anas — ayaxs) + aj(axas, — azaxn)

air i ai3
= (21 axpp a3
az; a4z ds3

1.5
70.v = 9i — 4j; V97 oo, E5 41, £2, 45,210
7. y 73.0
-
\\mmY) *
(=2, ‘—‘3‘3;25 0, —3)1
(<1, =4

Historical Problems (page 778)

=5

, 2 ‘ 13 2 5[ 1 3] _[17 1 , ,
1.(a)2751<—>{5 2j|,1+31<—>{_3 J (b)[5 2}[_3 1}_{—1 17} ©17+i @17+

a bila —b a*+b? 0} .
2. {—b a“b a} = { 0 bt ; the product is a real number.
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AN-90 ANSWERS Historical Problems

3.(a) x = k(ar + bs) + l(cr +ds) =r(ka + Ic) + s(kb + Id) (b) A =[

ka + Ic kb+ld]
y=m(ar + bs) + n(cr +ds) =r(ma + nc) +s(mb + nd)

ma + nc mb + nd

11.4 Assess Your Understanding (page 778)
Lsquare 2.T 3.F d.inverse 5.T 6.A'B 7a 8.d 9.{_‘11 : _5} 11.{0 12 _20} 13.{_8 7 _15}

4 4 8 24 7 0 22
1 14 -—-14 15 21 -—16 —-13 7 —12
15. ﬁ _22} 17.Notdefined 19.|2 22 —18 | 21| 22 34 -22| 23. {2‘51 ;(ﬂ 25.| —18 10 —14| 27 {_i ‘1‘ i 2}
30 28 -1 7 22 17 -7 34
S8
5 14 o2 1 -1 T t 3o ;IZ
29. [9 16} 31. Not defined 33.| 34 13 35. {_1 2] 37 2| 39. ; 41.| -2 2 -1 43. 7 7 3
4 2 -1 3 -1 — —4 -2
7 20 p 5 32 1
7 7 7
45.x =3,y =2;(3,2) 47.x=-5y=10;(-5,10) 49.x=2,y=-1;(2,-1) 5l.x= %,y =2 <%,2) 53.x=-2,y=1;(-2,1)
2 3 /23 1 1 1 1
55.x = g,y = g, <;,g> 57.x = —Z,y = 3,Z = 5, (_2,3,5) 59.x = E,y = _E,Z = 1,(5, —E, )
1 1
11 1 = - 0
34 85 12 34 85 12 1 2 (1,2 4 211 0 1 -|— 0 2| 4
61.x=—*,y=*,z=*;<—*, ,*) 63-x=iy=1,z=*;(i1ﬁ) 65-{ ‘ }—> 2] 4 -
7 7 7\ 77717 3 3’\3 '3 2 110 1 > 110 1 00_11
2
1 1L
15 3|1 0 T BT s|1s
07 - 5115 -
10 2 1 2
10 2] 0 1 0 0)—-3 1
-3 1 —-101 0 1 2 510 0 1 1 2 50 0
69. 1 -4 -7]/0 1 0|— 1 -4 -7{0 1 0|—|0 -6 -12/0 1 -1
1 2 510 1 -3 1 =11 0 0 0 7 141 0
1 2 5|0 0 1 1 2 510 0 1
1 1 1 1
1 3 1 1 11
o127 03 00017 § &
001 005 —0.01 0.02 -0.04 -0.01 0.01
-0.02 0.05 0.03 —0.03
71. 0.01 —0.02 0.01 73. 0.02 001 —004 0.00
—002 001003 -002 006 007 006
75.x = 457,y = —6.44,z = —24.07; (4.57, —6.44, —=24.07) Tl.x = —1.19,y = 246,z = 827, (—1.19,2.46,8.27)
5 5
79.x = =5,y ="17,(-5,7) 81.x=—4,y=2,z=5; —4,2,5
. 1 1 1 6 . 1 1 1 6 .
83. Inconsistent; J  85.x = —gz + 5 y = gz 5 where z is any real number; § (x, y, z) |x = —gz + g,y = gz 5 z is any real number
6 9 128.00 3842.40 o e s ce
87.(a) A = {3 12}, B = [341.60} (b) AB = {4483.20}’ Nikki’s total tuition is $3842.40, and Joe’s total tuition is $4483.20.
500 700 15
500 350 400 11,500
89. (a) {700 500 850}; 350 500 b)| 8 () [17’050} (d) [0.10 0.05] (e) $2002.50
400 850 3 ’
1 0 -1 13 1 20
9. (a)K'=| -1 1 1 byM=| 8 9 19| (¢)Mathisfun.
-1 1 6 21 14
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ANSWERS Section 11.6  AN-91

93.1f D = ad — bc # 0,thena # Oandd # 0,or b # 0 and ¢ # 0. Assuming the former,

b|1 bl 1 b 1 d b
1 == 1 = = 1= = o = ——
a b1 O ala 0 al a 0 a a 0 ! D D
c dlo 1 - c dlo 1 - D| ¢ - c a - c a
| == 1 - —_ - —_
0 a a ! 0 D D 0 1 D D
1 b
R =—n Ry=—cri+n R2=£r2 Ri=—n+n
a D a
24523
53254
95.(a) B;=A + A>+ A3=|4 2 2 4 2 |;Yes,all pages can reach every other page within 3 clicks. (b) Page 3
22323
13212
1 V3
- — 0
2 2
97. (a) (3 — 2\/5,3\/5-% 2) (b) R!'= V31 ; This is the rotation matrix needed to get the translated coordinates back to the original
) coordinates.
0 0 1
w -1
102. x5 — 4x — 3x* + 184%° 103.T 104. {0,3} 105.v-w = —5;60 = 180°
u
11.5 Assess Your Understanding (page 788)
22x — 1 —2(x —6) —4 4 1 —x
5. P 71 01+ 9.1 Sx +—— 111 l+——F 13.— + 15.—+ ——
roper mproper; -4 mproper; Sx 4 mproper; T 4)(x=3) - T 7-1 PR
1 3 1 1
I e I |
-1 2 4 4 2 12 12 4 4 4 4
17. + 19 + 21. 3 +
x—1 x-2 x+1 x-1 (x—1)2 xX—=2 xX24+2x+4 x=1 (x—1)2 x+1 (x+1)2
1 2 1 2 1 3 1
= ——(x+4 = “(x+1 = = = =
-5 5 —4 41 (x+4) 3 30D 7 7 4 4
25. + 27—+ — + R + 33. +
x+2 x+1  (x+1)2 x ¥ 2+ 4 x+1 x+2x+4 3x—-2 2x+1 x+3 x-1
I Sk S e e et NP —lox
44 (P +4)? x x=3 x+1 x=2 x-1 (x-1)? (¥*+16)> (¥ +16)°
_8 4 2 1 1 1 o1 1 21 1
7 7 9 3 6 1 10x — 11 5 5 5 5
43. + 45—+ —+ ——+ 47.x — 2 + ; + s x—2+ -
2x+1 x-3 X ¥ x-3 x+3 * 2+3xr—4" x+4 x—l’x x+4 x-—-1
—11lx —32 —11 -1 11 1
49.x — — 517 - dx 7+ 22 0 - -0
¥ +1 +d4x+4 x+2 (x+2) x+2 (x+2)
1 3 1 3
23+ —x+1 1 4 1 4 1 4 1 4
53.x+1+ ; + + + cx 41+ + + +
-2 +1 Tx+1l 0 (x+1)2 x—1 (x—1)2 x+1 (x+1)2 x—1 (x—1)2
55.3.85 years 56.—2 57.1
58 ﬁ ﬁ . Sz (_1’54_17)
N\ ) 4
Historical Problem (page 796)
x = 6 units, y = 8 units
11.6 Assess Your Understanding (page 796)
> SRR T ™ ““yl{((:k_{\/i“:f\/i)\f . SR 1. X X =2y
e[ N L@ Vaa- V) Np=ve > %
y T}Tl (‘1:’\2\7 y =136 — x2] 5 e 0,0}~ 3,4
yex T AN EE SN % Py
Ll O, D Il x [ "
A y=8-x oy 2
imi 1T A y=2-x EEEEEEE
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AN-92 ANSWERS Section 11.6

13. y 15. y 17. y 19. ¥4
mEm i -
P2 +y2=0 H 2 Ty =3x -5 CLYHPO02) 2y R =4
PN+ =4 ¥ty =STL ™, iy = 2,2)
AN A ot I
X)) 7 SR J B SRy AR = *
FH 7, -2) (-1,-V3) — (-2,-2)
Eit HH 0.2y =4 A
21. No points of intersection 23 y=x'-4 y y=6x—13
oy o
FEFPR /
1
2 2 g
\ ,x‘+y =4 \‘ ““"5
1o x %
I
/i
I

25.x=1,y=4x=-1,y=—4x= 2\/£,y = \/5; x = —Z\ﬁ,y =-\V2or 4), (—1,-4), (2\/5, \/i), (—2\[, —\/i)

(1,
2 1 2 1 5 7 5 7
27.x=0,y=1x= Y= zor (0,1), (—5,—§> 29.x=0,y=-1Lx= Sy =—gor (0,-1), (5, _E)

1 1 4 1\ /1 4
31.x72,yf§,xfi,yf§0r<2,§>,<5,§> B.x=3,y=2%x=3,y=-2,x=-3,y=2;x=-3,y=—2or (3,2), (3,-2), (-3,2),
ro_ 3 _ . _3 _ 1. _ 3 r(l é) (1 _é) <_l 3) (_l _§>
Y =5 yy=gx=-—gy=—or (5 {5 55) 33
3Mx=\V2y=2V2ix=-V2,y=-2V2o0r (V2,2V2), (-V2,-2V2) 39.No real solution exists.
8 210 8 2010 8 2110 8 2\/E0r(8 2\/10) ( 8 2\/5) (8 2\/10)( 8 2\/10)
; ————x = =- —— ) -3 , ,

X =

X =3y = = Ty = Ty = oy VT3 3 3 3 3 3 3 R
1 1 1 1 1 1 1 1 . .
$3.x=1,y= E,x =-1l,y= E,x =1l;y=-— E’X =-lLy=- Eor (1,5>, (—1,5), (1, _E>’ (—1, _5) 45. No real solution exists.

.x=\V3y=V3x=-V3y=-V3x=2y=Lx=-2y=—1lor (V3,V3),(-V3-V3), (2,1), (-2, -1)
49.x=0,y=-2x=0,y=1;x=2y=—1lor (0,-2), (0,1), (2,-1) SLx=2,y=8or (2,8) 53.x=8l,y=3or (81,3)

5. y §7.x =048,y = 0.62 59.x = —1.65,y = —0.89
FArrym w2zl 61.x = 0.58,y = 1.86;x = 181,y = 1.05;x = 058,y = —1.86;x = 1.8,y = —1.05
1) 63.x =235,y =085
o X
2_
1+l L=
65. (¢ 3\ 67. ) 69. -4
('E’E):}ét(x—nzﬂy—l)ks P A
0 V3-nted (15121)1
e mm e
SOy Ft=0 Py -x+1=0 =12+ (p+2)?=4 x
, — H =l
L 0, -V3 -2y, )] ] —6r+y +1=0
,-2)

71.3and 1;—1and —3 73.2and?2;—2and -2 75. % and% 77.5 79.5in.by3in. 8l.2cmand4cm 83.Tortoise: 7 m/h, hare: 7 %m/h

P+ VP?-16A P—\VP?-164
W=

85.12cmby 18cm 87.x=60ft;y = 30ft 89./= 9Ly =4x—4 93.y=2x+1

4 - 4
1 -b+ Vb -4 -b - Vb -4
95.y = —x + % 9%y =20—3 9.5, = 2 2: ac,, b 25 2€ 101 (a) 4.274 ft by 4.274 ft or 0.093 ft by 0.093 ft
—3-V65 -3+ V65 2 , 7 24 7 25 25 )
102. 7 . 7 103.y——§x—3 104.51n0——25,(:039——25,tan0—24,0500——7,5600——24 105. =15.8

11.7 Assess Your Understanding (page 806)

7. dashes;solid 8. half-planes 9.F 10. unbounded

1.y, 3.y 15. v 17. y
1| SHER A :
T 1

My= =4
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ANSWERS Section 11.8 AN-93

19. v 21. v) 23. v 25. y
[[TIW, 1T NI 4]
\"{/ wE= x+y=2TRN 2x +y=4 3x+ 2y = —6) 2w—y=4
3 x 5 X x x
y=x"-1
e
27. y 29. y 31 y 33. No solution
_ N 1171
5 Zody=0 FENNE y
way= 2\ N2 Hr=2 JEmEmEE
26+3y=6
X X X
3x+2y=6 x—2y=6 x
-3y = N HHH
2x+ 3y =0
35. y 37. y 39. y 41 y
§17, mES sy y=x-2 5 y=x-4 =x*+1
x“+y =9 y=x2—4‘ ] \
\ I \ I
X \ il X \ / X X
rhy=3 SRl s
43. Bounded 45. Unbounded 47. Bounded 49. Bounded
y y y
7 [T N [ =12 N 2x +y =10
2x+y=‘6‘ x+y‘=HLH\l~ (0,4) AN .8 [ A
. s rer=1 R\ 2 2) PR O
O.ING mEn N w \ x+y=2 x+y=8
fidhui T 0,2) Y| f I |
[ 02,0 [ Ny ©,2) N9
OO AN - FEEEEHHHH HHL e %
X Tx+2y=6 = vl
R ty=4 @07 @0 2 =12 @0 G0
4 x =20
= y=15
x+y=6
51. Bounded 53. =0 55.4 x +y =50
= x—y=0
oy y=0
—= x=0
x+2y=10
TN (10, 0)
A
1 N *
0, — L N
( 2) a, ’x+2y=1
x +y = 50,000 x=0 3x + 2y = 160
x = 35,000 =( 2x + 3y = 150
_ 59. (a) Y 6l Y
57. (a) y = 10,000 x + 2y = 300 x=0
y=0 3x + 2y = 480 y=0
b) (b)
(b) = 35,000 ( 7 2
‘T xHH 3x + 2y = 480 '\ [400 52 160
N e ©. 50NN (3. 26)
40,000 40,000, 10,000) 0,150 I\ 90, 105) " _
(35,000, 10,000) ] ¥ = 10,000 Co NN ©.0 o 2+ =180
1 = .01 x HH ok
20,000 (50,000, 0) (160,0) x + 2y = 300 160 ¢
(35,000,0) x + y = 50,000
62.52 64. f(—1) = —5;
f(2) =28

1 1
2 _Ay
63. x +(y 6) 36

21 4
1 : 65. {0, ?” ?”}
circle with radius s and center (0, g),

11.8 Assess Your Understanding (page 814)

1. objective function 2.T 3. Maximum value is 11; minimum value is 3. 5. Maximum value is 65; minimum value is 4.

7. Maximum value is 67; minimum value is 20. 9. The maximum value of z is 12, and it occurs at the point (6,0).

11. The minimum value of z is 4, and it occurs at the point (2,0). 13.The maximum value of z is 20, and it occurs at the point (0, 4)

15. The minimum value of z is 8, and it occurs at the point (0,2). 17. The maximum value of z is 50, and it occurs at the point (10, 0).

19. Produce 8 downhill and 24 cross-country; $1760; $1920 which is the profit when producing 16 downhill and 16 cross-country.
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AN-94 ANSWERS Section 11.8

21. Rent 15 rectangular tables and 16 round tables for a minimum cost of $1252.  23. (a) $10,000 in a junk bond and $10,000 in Treasury bills
(b) $12,000 in a junk bond and $8000 in Treasury bills  25. 100 1b of ground beef should be mixed with 50 Ib of pork.

27. Manufacture 10 racing skates and 15 figure skates. 29. Order 2 metal samples and 4 plastic samples; $34

31. (a) Configure with 10 first-class seats and 120 coach seats. (b) Configure with 15 first-class seats and 120 coach seats.

33. {—10}

RY

3

7 27 X

=
=

=

>

Domain: {x|x # k,k is an integer }; range: (—00,00)

35.89.1years 36.y =3x +7

Review Exercises (page 818)

11 3 (11
2 2 5 s"\s”

1 1 3
L.x=2y=-1lor (2,-1) 2.x=2,y=for<2,f) 3.x=2,y=-1lor(2,-1) 4x=—_—y=—_or 7_§> 5. Inconsistent

2 2
6.x=2,y=3o0r (2,3) 7y=-— 3% + 2, where x is any real number, or { (x,y)|y= —5¥ + 2, xis any real number}

8.x=-1,y=2,z=-3o0r (-1,2,-3)

7 39 9 69 7 39 9 69
9.x =~z +—,y = -z + —, where z is any real number, or { (x,y,2)|x =—z+—,y =—-z+—,zisanyreal number} 10. Inconsistent
4 4 8 8 4 4 8 8
x+2y+5z=-2 4 —4 6 0 4 =3 0
+2y = -
1. {3x+ 42y_ B 18 12{5x  -3z= 8 133 9| 14| 12 24| 15| 12 -2 -8| 16 [_z _ﬂ
T 22—y 0 4 4 -6 12 2 5 —4
3 2 3
1 1 7 7 7
2 1 1 2 2 1 21 13 13 13 13
17. 18.| = -~ —— | 19.Singular 20.x = _,y = — - 2Lx= =—z=— T
_l 2 8 7 7 7 9. Singular  20. x 5,y 100r<5,10) x=09,y 3,z 30r(9,3,3)
6 3 3 4 1
7 7 7
- _ -2, _ 3. .(1_.2_3
22. Inconsistent  23.x = > y= 3 zZ= y or( >3 4)
24.z = —1,x = y + 1, where y is any real number, or {(x,y,z) \ x=y+1,z=—1,yis anyreal number}
25.x=4,y=2,z=3,t=—2or (4,2,3,-2) 26.5 27.108 28.-100 29.x=2,y=—1lor (2,—1) 30.x=2,y =3o0r (2,3)
3 3 1 1 9
2. 2 3 3.4 . 10 1010
3.x=-1,y=2,z=-3 -1,2,-3) 32.16 33.-8 34.— + 3s. +=+— 36. +
* AR or (=1,2,=3) x x—4 x—1 x 42 x+1 > +9
1 1 _1
X —4x 2 4 4 2 11 2 11
37 + 38. + + Wrx=-—cy=-—FJx=-2y=lor{——-——) (=21
P4 (P42 TRl x-1 x+l YT TeY TS Y or( 5 5)( )

40.x =2V2,y = V2:x = —2V2,y = —V2or (2V2,V2), (-2V2, -V2)

1.x=0,y=0x=-3,y=3;x=3,y=30r (0,0), (=3,3), (3,3)
4 2 4 2 4 2
2.x=\2,y=- 2;x=—\/2,y=\[2;x=§\/2,y=—§\[2;x=—5\/2,y=§\/ior(\/i—\/i),(—\[2,\[2),<§\[2,—§\6>,
4. -2
(—5\6,5\6) 43.x=1,y=—1or (1,-1)

44. y 45. y 46. Unbounded 47. Bounded
T |
3 +dy=12 P y y
\|/ 7=" H™{s
x+y=2N
X X (0,2
‘ -
2% le * (\’\2\\< X‘T {_H“
“2&x+y=
| O,0] I3 ¥
oy [t (3\0)
Do +3y=6
48. Bounded 49. y 50. y
T = y2
y x2+yr=16 p y=x
INhg T TTTTT \
XL (EEmmuuus
,
PNz +y =8 * x
.1 - =4
x+2p =27 (4,0 rry=2 HH
[ T 1T
\ [
2,0)
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ANSWERS Cumulative Review

51. The maximum value is 32 when x = O and y = 8. 52.The minimum valueis3whenx = landy = 0. 53.10 54. A is any real number, A # 10.

1 2
55.y = —gxz - gx +1 56.Mix 70 1b of $6.00 coffee and 30 Ib of $9.00 coffee. 57. Buy 1 small, 5 medium, and 2 large.

X

58. (a) Y

=0
=0

59. Speedboat: 36.67 km/hr; Aguarico River: 3.33 km/hr
60. Bruce: 4 hr; Bryce: 2 hr; Marty: 8 hr
61. Produce 35 gasoline engines and 15 diesel engines; the factory is producing

4x + 3y = 960
2x + 3y =576

y
NJaob
[N\dr -11-13;}’ 960
192
hﬂ‘\i T

X
AR

(b)

=
92

3
.
2

-

()

H

Chapter Test (page 820)

an excess of 15 gasoline engines and 0 diesel engines.

18 17
1L.x=3,y=—1or (3,—-1) 2.Inconsistent 3.x = —z + 7,y =z - ER where z is any real number, or
18 17 . 1 1 4 -5 o
(x,y,2)|x=—z+—,y=2z— —,zisanyrealnumber; 4.x=_,y=-2,z=0or|-,—-2,0] 5| -2 -1 0| =25
7 7 3 3
1 5 =5] 10
3x +2y +4z = -6 3x +2y +4z = -6 6 4 -1 =19 4 10 26 16 17
6. Ix +0y +8z=2 or x+82=2 701 —11 8.| -3 5 9. 1 —-11 2 10.{3 _10}
24+ 1ly+3z=-11 |-2x+y+3z=-11 5 12 6 —22 -1 26 3
2 -1 33 —4 . . .
11. 5 3 12.| -2 -2 3 13.x = > y=3or (E’ 3) 14.x = 7 y + 7,where y is any real number, or
- b -4 -5
2 2
1
{(x,y) X ==y + 7,y is any real number} 15.x=1,y=—-2,z=0o0r (1,-2,0) 16.Inconsistent 17.-29 18.-12

19.x = =2,y = —5o0r (—2,-5)

20.x=1,y=—-1,z=4or (1,-1,4)

21. (1,-3) and (1,3) 22.(3,4) and (1,2)

23, y M-S T2 26. Unbounded
S| AT x+3 (x+3)?

X x4y =100 1 1 N
o -5 R M =2

N 25,3, 3 L ~ @42 A

H X (¥*+3)  (x*+3)?

ol @0

x+2y=8

27. The maximum value of z is 64, and it occurs at the point (0, 8). 28. Flare jeans cost $24.50, camisoles cost $8.50, and T-shirts cost $6.00.

Cumulative Review (page 821)

1.{0,%} 2. {5} 3.{—1,—%,3} 4.{-2} 5.{

8. Center: (1, —2); radius = 4

5
e

R
In3

tns) 7

9. Domain: all real numbers

Odd; symmetric with respect to the origin

10. f1(x) = % -2

y Range: {y|y > 1}
3 Horizontal asymptote: y = 1 Domain of f: {x|x # —2}
% Range of f: {y|y # 0}
R yJ yins Domain of f~': {x|x # 0}
/2. ‘z‘y—l Range off_lz {y\y # =2}
X
11. (a) y4 (b) y (c) Y4 (d) ypx=0 (e) y4
H ©,2) HH f- AT e
(0,6)" H H EEE L) 1,1) —
| (=2,0) /L 2,0 EE(N))EY au y=0 a1
(=2,0) x (=1,-1) x ¥ 0.0 x
&, * Y 1ot HH
W 0, —2) = [t It
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AN-96 ANSWERS Cumulative Review

® ? 417 ® }\’? ® y y=£x @ T
EEEEE: N NN N 3 Slen HH
0,1) ANNE EEP74v ) ] ([, L
y=04= CEONT G 0) (-1,1 >4
- 1 T4 o > s

) S aLicEE CEOULNE - N ISR

tH (-2, —{l}ﬁ \1(\2{, -1) (0,2/1 HH

=0
g RV
3
(b) Local maximum of 7 at x = —1;

local minimum of 3 at x = 1
(¢) (—oo,—1],[1,00)

CHAPTER 12 Sequences; Induction; the Binomial Theorem

12.1 Assess Your Understanding (page 833)
5.sequence 6.True 7.n(n —1)---3-2-1 8.b 9.summation 10.b 11.3,628,800 13.504 15.1260 17.s5, =1,5,=2,53=3, 5, =4,55=15

1 1 3 2 5 1 2 2 8 8
19.a1=§,a2=g,a3—§,a4=§,a5=? 2l.ci;=1,cp=—4,c3=9,¢c4,=—16,c5=25 23.s1=5,sz=§,s3=?,s4= H,S5=a

1 1 1 1 1 1 2 3 4 5 n 1
5.t =—— = 3= —ly= -~ ts=—— 2Lb = —by= . by=",by=—bs="— 29.a,= la,=——
S.n 2Tt 20 4T 30 0 by e,bz o7 bs 63,b4 e bs o Say="— 3la, P
33.a,= (-1)""! 35.4,=(-1)""'n 3Ta;=2,a0=5a;=8,a,=11,as=14 39.a, = —2,a,=0,05=3,a,=7,a5 =12

3 1 1
41. a1 = 5,a, = 10, a3 = 20, a4 = 40, a5 = 80 43.a1=3,a2:5,a3=§,u4=§,a525

#la=Aay=A+day=A~+2d,a,=A+3d,as= A+ 4d

45.611 =l,a2=2,a3:2,a4:4,a5=8

2
49.0,= V2,0, =V2+V29a5=NV2+V2+ V2 5L3+4+-+ (n+2) 53.%+2+%+-~+% 55.1+%+%+~--+%
=\/ Vo 4V 20
4 2+ V2+Vai V2 57.%+é+~~+% 59.In2 -3 +Ind4—---+ (-1)"Inn 6L Dk

=
a5=\/2+\/2+ V2+V2+V2
13 6 1 n 3k n n+1
63.> 65.2(—1)"(—) 6.3 7 69. (a+kd)or Sla+ (k—1)d] 71.200 73.820 75.1110 771560 79.3570
Sk +1 =0 3k =ik J=i =]

81.44,000 83.(a) 2162 (b) After 26 months 85. (a) Ay = 1500, 4, = (1.0125)A,_; + 750 (b) After 99 quarters (c) $213,073.11
87. (a) $2930 (b) 14 payments have been made. (¢) 36 payments; $3584.62 (d) $584.62
89. (a) 4y = 150,000, a, = (1.005)a,_, — 899.33

(b) $149,850.67 (C) NORHAL FLOAT AUTO REAL

PRESS ENTER TO EDIT

oo (d) After 58 payments or 4 years and 10 months later
(e) After 359 payments of $899.33, plus last payment of $895.10

(f) $173,754.57

BooNanrwnkol

u(»)B(1.005)u(n-1)-899.33
(@ (a) ay = 150,000, a, = (1.005)a,_; — 999.33
(b) $149,750.67 (C) NORMAL FLOAT AUTO REAL RADIAN MP

PRESS ENTER T0 EDIT

(d) After 37 payments or 3 years and 1 month later
(e) After 278 payments of $999.33, plus last payment of $353.69(1.005) = $355.46
(f) $128,169.20

Bemvonronks

u(n)B(1.005)u(n-1)-999.33

91. 21 pairs  93. Fibonacci sequence 95. (a) 3.630170833  (b) 3.669060828 (c) 3.669296668 (d) 12
97.(@) a; = 04;a, = 0.7;a3 = 1;a4 = 1.6;a5 = 2.8;a5 = 5.2;a; = 10;a3 = 19.6
(b) Except for term 5, which has no match, Bode’s formula provides excellent approximations for the mean distances of the planets from the sun.
(¢) The mean distance of Ceres from the sun is approximated by a5 = 2.8, and that of Uranus is ag = 19.6.
(d) ay = 38.8;a1g =772
(e) Pluto’s distance is approximated by ag, but no term approximates Neptune’s mean distance from the sun.
(f) According to Bode’s Law, the mean orbital distance of Eris will be 154 AU from the sun.
99. ay = 2; a5 = 2.236067977;2.236067977 101. ay = 4; as = 4.582575695; 4.582575695 103.1, 3, 6,10, 15,21, 28
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ANSWERS Section 12.3 AN-97

n nn+1) (n+1)(n+2)
105.u,=1+2+3 +--+n= Ek = 5 and from Problem 104, u, | = S
i=1
n+1l)(n+2 n(n+1 n+1)[(n+2)+n
Thus,u,,+1+u,,=( )2( ) . ) _( )[(2 ) ]:(n_,’_l)z.

108. $265439 109, /2 (cos225° + isin225°) 110.0 111 (y — 4)2 = 16(x + 3)

12.2 Assess Your Understanding (page 842)

1. arithmetic 2.F 3.17 4.T 5.d 6.c 7s,—s,-1 = (n+4)—[(n—1)+4]=n+4—- (n+3)=n+4—n—3=1,aconstant;
d=1;5=5,5=6,55=7,5,=8

9.a,—a,_.1=2n—-5) - [2(n—-1)=5]=2n—-5—-(2n—-2-5)=2n—-5—(2n—7) =2n — 5 —2n + 7 = 2, a constant;
d=2a=-3a0=-1l,a3=1,a,=3

1l.¢c,—¢c,.1=(6—-2n) —[6-2(n—-1)]=6—-2n— (6 —-2n+2) =6—-2n— (8 —2n) =6 —2n— 8+ 2n = —2,aconstant;
d:_2;C1:4,C2:2,C3:0,C4:_2

13.t—t,12(1—1n>—{1—1(n—1)}=l—ln—(1—171-4-1)=1—ln—(§—ln>21—1n—§+1n=—lacon5tant'
o 2 3 2 3 2 3 2 3 3 2 3 6 3 2 3 6 3 3 ’
d=_1-11=1[2=_1t3=_lt4= >

3 6’ 6’ 2’ 6
15.5, — s, 1 =In3"— 3" '=nn3—- (n—1)In3=nln3 - (nln3—-1n3) =nln3 —nin3 + In3 = In 3, a constant;
d=In3;5y=In3,5,=2In3,53=3In3,54=4In3

17.a, =3n — 1;a5y = 152 19.a, =8 — 3n;asy = —145 2l.a, = %(n —1);a5y =25 23.a,= \V2n; as; = 51V2 25.200 27 -266 29.%
31.ay = —-13;d =3;a,=a,1 +3;a,=—16 +3n 33.a; = —53;d = 6;a, = a,—1 + 6;a, = —59 + 6n

35.a,=28;d=—-2a,=a,, —2a,=30—2n 3T.a =25d=-2,a,=a,, —2,a,=27—2n 39.n° 41.%(9 +5n) 43.1260 45.324
47.30,919 49.10,036 51.6080 53.—-1925 55.15960 57. —% 59.24 terms  61. 1185 seats  63. 210 beige and 190 blue

65. {T,,} = {—5.5n + 67}; Ts = 39.5°F 67. The amphitheater has 1647 seats. 69.8yr 72.16.42% 73.v = 4i —6j

1
5 0
74. Ellipse: Center: (0, 0); Vertices: (0, =5), (0,5); 75. 3
Foci: (0,-V21), (0, V21), 5 1
GO
/ \0,‘\/‘2_1)
2ol 1 eo
-6 X
N/
(0, -Vl "‘?‘(40, -5 ||

Historical Problems (page 850)

2 5 1 1
1. 1510aves, 10gloaves, 20 loaves, 29 gloaves, 38§loaves 2.(a) 1 person (b) 2401 kittens (c) 2800

12.3 Assess Your Understanding (page 850)

2
la,=a;-r"! 2.—5 3.c 4L 5b 6.T 7F 8T 9.r=3;5=3,5=9,53=27,5, =81

1-r
1 3 3 3 3 1 1
11.r=5;a1 = > a = —Z,a3 = —g,a4= T 13.r =2;¢, :Z’ C2=E,C3 =1,¢4=2 15.r=2”3;el =21/3,e2:22/3, e3 = 2, e4=24/3
3 1 3 9 27 _ e
17.r=5;t1=E,ZZ=Z,t3=§,t4=R 19.a5 =162;a,=2-3""! 2l.as=5;a,=5-(-1)""! 23.4a5=0;a,=0
1 1 n—1 1 n—2
25.a5 = 4\ 2,4, = (V2)" 2T.a; = o5 29-a9=1 3Lag= 000000004 33.a,= 7.1 38.4,= —3-(—5> = (—5)
n—1 7 n—1 n—2 1 n 2y n
37.a,=—(-3) 39-ﬂn=E(15) =7-15 41.—1(1—2) 43.2|1 — 3 45.1 -2
4. S | . | st.
(1/¢)sun(sea(2”*,n,1,15,18 sum(seal(2/3)",n,1,15,1) -1sum(sea(2”,5,1,15,1)
8191.75 1.995432683 -32767

3 8 20 18
53. Converges; 5 55. Converges; 16  57. Converges; 5 59. Diverges 61. Converges; 3 63. Diverges 65. Converges; 5 67. Converges; 6
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AN-98 ANSWERS Section 12.3

50
69. Arithmetic;d = 1;1375 71. Neither 73. Arithmetic;d = —%; —700 75.Neither 77. Geometric;r = %; 2{1 - <g> }

3
1
79. Geometric; r = —2; —g[l — (=2)°] 81. Geometric; r = 32 —?(1 +V3)(1-3%)

83. —4 85.$47271.37 87.(a) 0.775ft (b) 8th (c) 15.88ft (d)20ft 89.$349,496.41 91.$96,885.98 93.$305.10 95.1.845 X 10" 97.10
99. §72.67 per share  101. December 20, 2015;$9999.92  103. $5633.36  105. Option B results in more money ($524,287 versus $500,500).

2 2
Do -2 2 1554

107. Total pay: $41,943.03; pay on day 22: $20,971.52 112.2.121 113. %i i T

12.4 Assess Your Understanding (page 857)

LMn=1:2(1) =2and 11+ 1) =2
ADIf2+4+6+ - +2%k=k(k+1),then2 +4+ 6+ +2k+2(k+1) = (2+4+6+--- +2k) +2(k+1)
=k(k+1) +2(k+1) =k +3k+2=(k+1)(k+2) = (k+ ) [(k+1) +1].
1

3.(I)n=1:1+2=3and%(1)(1+5) =5(6) =3

(II)If3+4+5+~~-+(k+2)=%k(k+5),then3+4+5+~--+(k+2)+[(k+1)+2]

:[3+4+5+-~~+(k+2)}+(k+3):%k(k+5)+k+3:%(k2+7k+6): (k+1)(k+6) =~ (k+1)[(k+1)+5].

N | =
N | =

5.Mn=1:3(1) — 1 =2and%(1)[3(1) +1] =%(4) =2

(II)If2+5+8+-~-+(3k71)=%k(3k+1),then2+5+8+~--+(3k*1)+[3(k+1)71]
=[2+5+8+~--+(3k—1)]+(3k+2)=%k(3k+1)+(3k+2)= %

(Bk>+ Tk +4) == (k+1)(3k + 4)

N | =

_L
T2

TMn=12"1"=1and2' —1=1
A1 +2+22+ - + 28 =2k~ thenl1 + 2+ 22+ -+ + 21 4 2kt D=1 = (1+2+22 4 +2k1y 40k

=2 —1+28=202" —1=2"" -1

(k+1)[3(k+1) +1].

(45— 1), then 1+ 4+ 4>+ + 4714 40D = (1 44+ 42 4+ 4471y 44K

=1(4"—1)+4k=1[4"—1+3(4k)]=1[4(4k)—11=1(4k+1—1).
3 3 3 3
11 11
11.(1)}1—1.ﬁ—531’1d1+1—5
111 1 k 111 1 1
— et —— = ——— — et —— e +
I 2373 MR R R k(k+1)  (k+D[(k+1) +1]
111 1 1 k 1 k(k+2) +1
=l + + = + =
1.2 723 3.4 k(k+1) ] T (k+1)(k+2) k+1 (k+1)(k+2) (k+1)(k+2)
K*+ 2k + 1 (k+1)?*  k+1 _ k+1

S+ 1) (k+2)  (k+1)(k+2) k+2 (k+1)+1
13.(I)n=1:12=1and%-1-2-3=1
1
DI +22+32+ - +k2:gk(k+1)(2k+1),then12+22+32+--- + K+ (k+1)2

=(P+24+3%+ - +k)+ (k+1)2==k(k+1)(2k+1) + (k+1)> == (2k* + 9k*> + 13k + 6)

1
6

N =

=%(k+l)(k+2)(2k+3)= (k+1)[(k+1)+1][2(k+1) +1].

N =

15.(n=1:5-1=4and > (1)(9 - 1) =

5 .8=14

N | =

(II)If4+3+2+---+(5—k)=%k(9—k),then4+3+2+-~+(5—k)+[5—(k+1)]

=[4+3+2+~~~+(5—k)]+4—k=%k(9—k)+4—k= (9k—k2+8—2k)=%(—k2+7k+8)

1
2

(k+1)(8—k) == (k+1)[9— (k+1)].

N | =

1
2
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17.()n=11-(1+1) =2and§‘1-2-3=2

1
D12 +2:3 434+ b k(k+1) = Sk(k+1)(k+2) then -2+ 2:3+ 34+ -+ k(k+1)

F(k+1)[(k+1)+1]=[12+2:3+3d+ - +k(k+1)] + (k+1)(k+2)

=§k(k+1)(k+2)+§-3(k+1)(k+2)=l(k+1)(k+2)(k+3)=

3 (k+1)[(k+1) +1][(k+1) +2].

W | =

19. (@) n = 1: ¥ + 1 = 2, which is divisible by 2.
(IN) If k% + k is divisible by 2,then (k + 1)?+ (k+ 1) =k*>+ 2k + 1+ k + 1= (k*> + k) + 2k + 2. Since k*> + k is divisible by 2 and 2k + 2 is
divisible by 2, (k + 1) + (k + 1) is divisible by 2.
21.(0) n = 1: 2 — 1 + 2 = 2, which is divisible by 2.
(D) If k> — k + 2 is divisible by 2, then (k + 1)2 — (k+ 1) +2=k*+2k+1 -k —1+2 = (k> — k + 2) + 2k. Since k> — k + 2 is divisible
by 2 and 2k is divisible by 2, (k + 1)> — (k + 1) + 2 is divisible by 2.
23.()n=1:Ifx > 1, thenx' = x > 1.
(I) Assume, for an arbitrary natural number k, that if x > 1 then x¥ > 1. Multiply both sides of the inequality x* > 1 by x. If x > 1, then
x> x> 1.
25.()n =1:a — bisafactorofa' — b =a — b.
(II) If a — b is a factor of a* — b¥, then o™ — b*~! = a(a* — b*) + b*(a — b).
Since @ — b is a factor of a¥ — b* and a — b is a factor of a — b, then a — b is a factor of @k — p¥*1,
2.(@n=1(1+a)=1+a=1+1-a
(b) Assume that there is an integer k for which the inequality holds. So (1 + a)* =1 + ka. We need to show that (1 + a)**! =1+ (k+1)a.
(I+a)s'=0+a)*(1+a)= (1+ka)(1+a)=1+ka*+a+ka=1+ (k+1)a+ka®> = 1+ (k+1)a
29.1f2+4+6+--+2k=k>+k+2,then2+4+6+ - +2k+2(k+1)
=(2+44+6+ - +2k)+2k+2=k*+k+2+2k+2=k>+3k+4=(K+2k+1)+ (k+1) +2
=(k+1)*+ (k+1)+2.
But2+-1=2and ? + 1 + 2 = 4. The factis that2 + 4 + 6 + - - - + 2n = n> + n,not n> + n + 2 (Problem 1).

1-(1-1)
M.MHn=1:[a+ (1 -1)d] =aand1-a+df=a.
k(k—1)
apIfa+ (a+d) + (a+2d) +-+ [a+ (k—l)d]=ka+df,then
k(k—1)
a+(a+d)+(a+2d)+~o+[a+(k—l)d]+[a+((k+1)—1)d]=ka+df+a+kd
=(k+1)a+dw=(k+l)a+dw=(k+1)a+d(k+1)[(];+l)_l]

33. (I) n = 3: The sum of the angles of a triangle is (3 — 2) - 180° = 180°.
(II) Assume that for some k = 3, the sum of the angles of a convex polygon of k sides is (k — 2) - 180°.
A convex polygon of k + 1 sides consists of a convex polygon of k sides plus a triangle (see the illustration).
The sum of the anglesis (k — 2) -180° + 180° = (k — 1) -180° = [ (k + 1) — 2] -180°.

k sides

k + 1sides

N

-~

1 7 -3
ven(l) w27
12.5 Assess Your Understanding (page 863)

1. Pascal triangle 2.1;# 3.F 4.Binomial Theorem 5.10 7.21 9.50 11.1 13. ~1.8664 X 10" 15. ~1.4834 x 10"

17. 0% + 5x* + 10x3 + 1002 + Sv + 1 19.x° — 12x° + 60x* — 160x> + 240x> — 192x + 64 21 81x* + 108x° + 54x + 12x + 1

23.x10 4+ 53892 + 10x0% + 10x*0 + 5638 + 10 25,33 + 6V2x%2 + 302 + 40V 2x3? + 60x + 24V 2x12 + 8

27. a’x° + 5a*bx’y + 10a°b°x%y? + 10a2b3%y® + Sab’xy* + b°y° 29.17010 31.—101,376 33.41,472 35.2835x> 37.314,928x" 39. 495

n! n! ne(n—1)! (n) n! n! n!
- nl(n—n)! a0 n!

1>= n—1)[n—(n-1)]1 (m—1)11  (n—1)!

.2 = (1+1)" = (’S)l” + (’11)(1)"*1(1) +ot (Z)l" = (g) + (’;) ot (Z) 49.1

1
51. {n75} ~ {8.827} 52.(a)0 (b)90° (c)Orthogonal 53.x=1,y=3z=-2:(1,3,-2)

35.{251) 36. Left: 4483 kg; right: 366.0 kg 37.x =

D | —

41.3360 43.1.00501 45.( "
n — n

In6 —1In5
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54. Bounded
y

(0,6)

Review Exercises (page 865)

5 6 7 8 8 32 16
l.a, = —— Z’a3:_7 :g 2.c1:2,c2:1,c3:§,c4:1,c5:g :E

4
NOES
32

TIFS

8
Joay=3,00=2,a3 = 70425’%

13
1
4.01=2,00=0,a03=2,a,=0,a5=2 5.6+ 10+ 14 + 18 =48 6.2(—1)"”E 7.Arithmetic;d=1;S,,=§(n+11) 8. Neither
=1

1 1\"
9. Geometric;r = 8; S, = 2(8" —1) 10. Arithmetic;d = 4; S, = 2n(n — 1) 11. Geometric; r = 5; S, = 6{1 — (5) } 12. Neither
1093 1 9
13.9515 14.-1320 15. DT 0.49977 16.682 17.35 18. m 19.9V2 20. {a,} = {5n — 4} 21 {a,} = {n —10} 22. Converges;i

23. Converges; 3 24. Diverges 25. Converges; 8

26.MHn=1:3-1 =3and%(1 +1)=3

(II)If3+6+9+-~-+3k=—32k(k+1),then3+6+9+-~-+3k+3(k+1):(3+6+9+--~+3k)+(3k+3)
3k 3k2 3k 6k 6 3 3 3(k+1)
=—(k+1) + +3) ="+ = (KP+3k+2) = (k+ +2)=———[(k+1)+1].
S (k1) + (Bk+3) =S+ ok ot D= (K 43k +2) = S(k+ 1) (k+2) S L+ 1) +1]

27.(Hn=12-3"1=2and3' - 1=2
ADIf2+6+18+ - +2-31=3 -1 then2 + 6+ 18 + --- +2-3* 1+ 2.3l = (2 4 6+ 18 + --- +2-3%71) +2.3F
=3k—1+2-3k=3.3k—1 =31 -1,

1
2&(Dn==h(3-1—2)2=1andiib[60)2—3(n -1]=1
AP+ L2+77+- + (3k—2)2=%k(6k2—3k—1),then12+42+72+~~~+ (3k—2)2+ [3(k+1) =277
1 1
:[F+4Z+ﬁ+-~+c%—2f1+mk+1ﬁzékmﬁ—3k—1y+wk+n2=5mﬁ—3ﬁ—k)+(%2+&w4)

=%mﬁ+1ﬂl+nk+2)=%w+4)mﬁ+9k+2)=%w+1n6w+1y—3w+1)—1}

29.10 30.x° + 10x* + 40x> + 80x% + 80x + 32 31. 81x* — 43227 + 864x? — 768x + 256 32.144 33.84

3 1 n
34. (a) 8 bricks (b) 1100 bricks 35.360 36. (a) 20(%) = % ft (b) 20(%) ft (c) 13times (d) 140 ft 37.$151,873.77 38.$58,492.93
Chapter Test (page 867)
3 8 524 3 4 6l 1 14 73 308 680 1 (k + 1)
L0, 2 22—+ = - - — = 5 Y (-1 . Nei
0,10, 413 2.4,14,44,134,404 3.2 1797 3% 4 379 27 8l 81 Skzl( 1) P 6. Neither
7. Geometric;r = 4; S, = %(1 —4") 8. Arithmetic:d = —8; S, = n(2 — 4n) 9. Arithmetic;d = —%; S, = %(27 —n)
10. Geometric; r = %;Sn = 132[1 - (%) } 11. Neither 12. Converges; 105£ 13.243m° + 810m* + 1080m° + 720m> + 240m + 32

1
14. First we show that the statement holds for n = 1. (1 + T) =1+ 1 = 2. The equality is true for n = 1, so Condition I holds. Next we assume that

(1 + %)(1 + %)(1 + %) . -(1 + l) = n + 1 is true for some k, and we determine whether the formula then holds for k + 1. We assume that
n

1 1 1 1 1 1 1 1 1
+- 1+ )(1+5)(1+-)=k+1. +- 1+ )(1+5) 1+ )1+
(1 1)(1 2><1 3) (1 k) k + 1. Now we need to show that (1 1)(1 2)(1 3) (1 k)(l P 1)

= (k+1) +1 =k + 2. We do this as follows:

) O (=) N [ O ) (R R (] ey

1
= (k + 1)(1 + m)(induction assumption) = (k+1)-1+ (k+1)-

=k+1+1=k+2
K1 K k

Condition II also holds. Thus, the formula holds true for all natural numbers.
15. After 10 years, the Durango will be worth $6103.11.  16. The weightlifter will have lifted a total of 8000 pounds after 5 sets.
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Cumulative Review (page 867)
1.{-3,3,-3i,3i} 2.(a) y

18 18
(¢) The circle and the parabola intersect at

= ( /-1 +-\/3601 -1+ V3601 ) ( [—1+ \/3601 -1+ V3601 )
N 18 6 18 6

3.{ln<§>} 4.y=5x—-10 5 (x+1)2+ (y—2)?2=25 6.(a)5 (b)13 (c)giff (d){x
2

(b){( —1+\/36W—1+\/ﬁ>< —1+\/36ﬁ—1+\/ﬁ>}

1 Tx -2
x#g} (e) ;72 ® {x|x = 2}

2
(g)g"(x):%(x—l);allreals (h)f’](x)*xzi{x\x¢3} 7f+i}f6*1 8. (x+1)2=4(y-2)
V15
Vs s 1+
9.r=8sin6;x> + (y — 4)% =16 10.{3—”} n2r 12.(;:)7\/B )5 ©- 5 @l (o 4 _Vatis
2 3 4 8 8 2 2V2

CHAPTER 13 Counting and Probability

13.1 Assess Your Understanding (page 874)

S.subset; C  6.finite 7.n(A) +n(B) —n(ANB) 8T 9.9, {a}, {b},{c}, {d}.{a,b}.{a, c} {a d}, {b,c}, {b.d},{c,d},{a b, c},
{b,c,d},{a,c,d},{a,b,d},{a,b,c,d} 11.25 13.40 15.25 17.37 19.18 21.5 23.15 different arrangements 25. 9000 numbers
27.175;125 29.(a)15 (b)15 (¢)15 ()25 (e)40 31.(a) 13.8 million (b) 79.5 million 33. 480 portfolios

36. y 37.A = 414° B = 414°,C = 97.2° 38.2,5,—2 39. {118}
EEEEEE
@=27+ (¢ +1)*=9
TN
/1 AY
-6 X
\
N A
13.2 Assess Your Understanding (page 881)
! i
3. permutation 4. combination 5. n Tr)' 6. n _nr) P 7.30 9.24 11.1 13.1680 15.28 17.35 19.1 21.10,400,600

23. {abc, abd, abe, acb, acd, ace, adb, adc, ade, aeb, aec, aed, bac, bad, bae, bca, bed, bee, bda, bdc, bde, bea, bec, bed, cab, cad, cae, cba, cbd, cbe, cda,
cdb, cde, cea, ceb, ced, dab, dac, dae, dba, dbc, dbe, dca, dcb, dce, dea, deb, dec, eab, eac, ead, eba, ebc, ebd, eca, ecb, ecd, eda, edb, edc}; 60

25. {123,124,132,134, 142, 143,213, 214, 231, 234, 241, 243,312, 314, 321, 324, 341, 342, 412, 413, 421, 423, 431, 432 }; 24

27. {abc, abd, abe, acd, ace, ade, bcd, bee, bde, cde}; 10 29. {123,124,134,234};4 31.16 33.8 35.24 37.60 39.18,278 41.35 43.1024

45.120 47.132,860 49.336 51.90,720 53.(a)63 (b)35 (c¢)1 55.1.157 X 107 57.362,880 59.660 61.15

63. (a) 125,000; 117600  (b) A better name for a combination lock would be a permutation lock because the order of the numbers matters.

+ 1 2+ Vo
67.10sq.ft 68.(gof)(x) = 4x> —2x —2 69.sin 75° = \/4 \[ cos 15°—2\/2+\/§0rc0515°:¥ 70. as = 80

Historical Problem (page 891)
1. (a) {AAAA, AAAB, AABA, AABB, ABAA, ABAB, ABBA, ABBB, BAAA, BAAB, BABA, BABB, BBAA, BBAB, BBBA, BBBB}
C(42)+C(43) +C(44) 6+4+1 11 C(43) +C(44) _4+1_5

- 16 R P(B wins) = - 16 %

(b) P(A wins) =

13.3 Assess Your Understanding (page 891)

1. equally likely 2.complement 3.F 4.T 5.0,0.01,0.35,1 7. Probability model 9.Not a probability model
1 1 1

11. S = {HH, HT, TH, TT}; P(HH) = %,P(HT) = P(TH) = . P(TT) =

13. S = {HH1, HH2, HH3, HH4, HHS, HH6, HT1, HT2, HT3, HT4, HTS, HT6, TH1, TH2, TH3, TH4, THS, TH6, TT1, TT2, TT3, TT4, TT5, TT6};
each outcome has the probability of 217 )
15. S = {HHH, HHT, HTH, HTT, THH, THT, TTH, TTT}; each outcome has the probability of 3
17. S = {1 Yellow, 1 Red, 1 Green, 2 Yellow, 2 Red, 2 Green, 3 Yellow, 3 Red, 3 Green, 4 Yellow, 4 Red, 4 Green}; each outcome has the probability
1 1 1

1
—; + +7: —.
of 12,thus,P(Z Red) + P(4Red) = 2 6
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19. S = {1 Yellow Forward, 1 Yellow Backward, 1 Red Forward, 1 Red Backward, 1 Green Forward, 1 Green Backward, 2 Yellow Forward,
2 Yellow Backward, 2 Red Forward, 2 Red Backward, 2 Green Forward, 2 Green Backward, 3 Yellow Forward, 3 Yellow Backward, 3 Red Forward,

3 Red Backward, 3 Green Forward, 3 Green Backward, 4 Yellow Forward, 4 Yellow Backward, 4 Red Forward, 4 Red Backward, 4 Green Forward,
1 1 1 1
4 Green Backward}; each outcome has the probability of bR thus, P(1 Red Backward) + P(1 Green Backward) = o + a1
21. S = {11 Red, 11 Yellow, 11 Green, 12 Red, 12 Yellow, 12 Green, 13 Red, 13 Yellow, 13 Green, 14 Red, 14 Yellow, 14 Green, 21 Red,
21 Yellow, 21 Green, 22 Red, 22 Yellow, 22 Green, 23 Red, 23 Yellow, 23 Green, 24 Red, 24 Yellow, 24 Green, 31 Red, 31 Yellow, 31 Green,

32 Red, 32 Yellow, 32 Green, 33 Red, 33 Yellow, 33 Green, 34 Red, 34 Yellow, 34 Green, 41 Red, 41 Yellow, 41 Green, 42 Red, 42 Yellow, 42 Green,
1
43 Red, 43 Yellow, 43 Green, 44 Red, 44 Yellow, 44 Green}; each outcome has the probability of @; thus, E = {22 Red, 22 Green, 24 Red, 24 Green};

n(E) _ 41
n(S) 48 12

2 P :% 29.P(1) = P(3) = P(5) :%; P(2) = P(4) = P(6) = = 31—

23.A,B,C,F 25.B 27.P(H) = — .
3.A,B,C, 5. (H) 5 9 10

1 1 17 11 1 17 12
41. 5 43. 8 45.0.55 47.0.70 49.0.30 51.0.858 53.0.56 55.0.936 57. 20 59. 20 61. 5 63. 50 65. by

67.(2) 071 (b) 091 (c)0.94 (d)020 (e)0.43 (H0.09 (g)0.85 (h)0.57 69. (a)% (b)% 71.0.167
1

73 5501338 ~ “00000000342 74 2;left; 3; down 75. (-3.3V3) 76.{22} 77.(2,-3,-1)

Review Exercises (page 895)

1. J, {Dave}, {Joanne}, {Erica}, {Dave, Joanne}, {Dave, Erica}, {Joanne, Erica}, {Dave, Joanne, Erica} 2.17 3.24 4.29 5.34 6.7 7.45
8.25 9.7 10.336 11.56 12.60 13.128 14.3024 15.1680 16.91 17.1,600,000 18.216,000
19. 256 (allowing numbers with initial zeros, such as 011) 20. 12,600 21. (a) 381,024  (b) 1260

4
22. (a) 8.634628387 X 10°  (b) 0.6531 (c) 0.3469 23.(a) 0.062 (b) 0.938 24. 9 25.0.2;0.26 26. (a) 0.68 (b) 0.58 (c) 0.32

Chapter Test (page 896)

1.22 2.3 3.8 4.45 5.5040 6.151,200 7.462 8.There are 54,264 ways to choose 6 different colors from the 21 available colors.
9. There are 840 distinct arrangements of the letters in the word REDEEMED. 10. There are 56 different exacta bets for an 8-horse race.
11. There are 155,480,000 possible license plates using the new format. 12.(a) 0.95 (b) 0.30 13.(a) 0.25 (b) 0.55 14.0.19 15.0.000033069

> ~ 0.1608

16. P (exactly 2 fours) = ﬁ

Cumulative Review (page 897)

3. i 4. {x|3.99 = x = 4.01} or [3.99,4.01]

> L = Q1

3 3 3 3

1.{1 V2.1 \6} .

T
=<

=Y

|

7.2 8{%} 9.x=2,y=-5z=3 10.125;700

I

)

|

/4, 6)] s 11. y 12.a = 6.09, B = 31.9°, C = 108.1°%

! PV area =~ 14.46 square units
,,,,,,,,,,, S x i x
L7 im i

Domain: all real numbers

Range: {y|y > 5}
Horizontal asymptote: y = 5
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CHAPTER 14 A Preview of Calculus: The Limit, Derivative, and Integral of a Function

14.1 Assess Your Understanding (page 903)
3.a 4.doesnotexist 5.True 6.False 7.32 9.1 11.4 13.2 15.0 17.3 19.4 21. Does not exist

pa 4 4 y Y4
23. 2 5. 2% L 3

/ \YFE
-
X X

Py

9

linif(x) =13 linif(x) =-3 lir{lsf(x) =6 lim/zf(x) =1 lin(l)f(x) =1
. 4! . r4 A r4 . 4 . b
33 35 £ 37. & 39 gar 41 5
\ / 2 I /
f bl
— X
= x x / x x x
\
/ /
lim f(x) = —1 lim f(x) =0 lim f(x) does not exist. lim f(x) =0 lim f(x) = 0
x——1 x—0 x—1 x—0 x=0

43.0.67 45.1.6 47.0 49.d = 4\/5M = (4,—7) 50. Center: (2, —1); foci: (2, —3), (2. 1); vertices: (2, V13 — 1), (2, = V13 — 1)

51. $7288.48 52. (4, 2%)

14.2 Assess Your Understanding (page 911)
7
1.product 2.b 3.b 4.True S5.False 6.False 7.5 9.4 11.—-10 13.80 15.8 17.8 19.—1 21.8 23.3 25.—-1 27.32 29.2 31.—

6

33.3 35.0 37.% 39.% 41.0 43.5 45.6 47.0 49.0 51.-1 S53.1 55.%

57.

3 -
58.¢71(x) = o

59.60° or —  60.x* + 8x3 + 24x% + 32x + 16
/ x—2 3

12 y
[
fx) = 4x+1

-3 3x

)

1
T

14.3 Assess Your Understanding (page 917)

7.one-sided 8. lim f(x) = R 9.continuous;c 10.False 11.d 12.True 13.{x|-8=x< —-6or—6<x<4ord<x=6} 15 -8 -5 -3
X—>C
2 3
17. f(-8) = 0;f(—4) =2 19.00 21.2 23.1 25.Limitexists;0 27Z.No 29.Yes 31.No 33.5 357 37.1 39.4 41. 3 43.5
45. Continuous 47. Continuous 49. Not continuous 51. Not continuous 53. Not continuous 55. Continuous 57. Not continuous
59. Continuous 61. Continuous for all real numbers 63. Continuous for all real numbers 65. Continuous for all real numbers

k
67. Continuous for all real numbers except x = 777, where k is an odd integer  69. Continuous for all real numbers except x = —2and x =2

71. Continuous for all positive real numbers except x = 1

73. Discontinuous at x = —1 and x = 1; y 75. Discontinuous at x = —1 and x = 1; g
)lci_l)an(x) = %; hole at (1,%) i \ S o0 xl_i)n_llR(x) = %z hole at (—1,%) i —— y=1
Jim R(x) = —o0; lim R(x) = oo; \ ' Jim R (x) = —00; lim R(x) = 0o; EEEEEl RSO
vertical asymptote at x = —1 ¥=-1 vertical asymptote at x = 1 x=1

77.x = —\/2: asymptote; x = 1: hole 79. x = —3: asymptote; x = 2: hole 81.x = —V/2: asymptote; x = —1: hole

83. 85. 87.

—20 20| 3 1
N |
=5 =2

52 31 2| 4
Xy

91. Vertical: x = 4; horizontal: y =3 92.60 93.In| —-] 94.11 0 21 5

N 0 —3)—
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14.4 Assess Your Understanding (page 925)

3. tangent line 4. derivative S.c 6.True 7.True 8.True

9. my, =3 1. my, = —2 13. my,, = 12 15. my, = 5
Y4 y YA Y4
EEEL LR oS e Rt N 1
| e |mm| I =3x2 'y 1T 1
fw=3+s] yEoEAIN ot 1551 S22 S =240\ 1,3
(—1, 3\ S@) =2 +2 H HH
L | y=1R2x-12 15 %
/ |EEEE 111 I Ty
x - 15 x 15 x y=5c-2
17. my, = —4 19. my,, = 13 21. -4 23.0 25.7 27.7 29.3 31.1 33.60 35.—0.8587776956
y " 37.1.389623659  39.2.362110222 41.3.643914112 43, 187 ft¥/ft
i i i i"“ m,f, RRER T :H FH 45. 167 ft3/ft  47. (a) 6sec  (b) 64 ft/sec (c) (—32t + 96) ft/sec
i ,‘j E”- 16 ) 32 ft/lsec (e)3sec () 1441t (g) —96 ft/sec
X /e =x—2v+3 & 49. (a) =237 fsec  (b) ~21 fusec (¢) ~ 18 fisec
NN |
\RmmEaee f@=x+x x @) s(1) = —2.631:2 — 10.269 + 999.933
y=—-4x+2

(e) Approximately —15.531 ft/sec
51. Vertex: (1, 3); focus: (1, %) 52.(2,6),(—1,3) 53.10 54.23.66 sq. units
14.5 Assess Your Understanding (page 932)

b
3./f(x)dx 4.b 53 1.56

9.(a) 11.(a) y, 13. (a) y, 15. (a) y;
2 Hiel 20| 90|
x -~
x 3 x v
®)36 (©72 ®18 ()9 w2 ©F ()36 (¢) 49
@45 (e)63 (P54 @ 63 © 45 ® 27 . " 4
4 4 2 (d) / (@ +2)dx (@ (d) / dx (e) 64
0 0
17. (a) yy 19.(a) 21.(a) v 23. (a) Area under the graph of
15| 20 2 f(x) =3x + 1from0to4
I
2 (b) y
5 x x 16
= X
25 4609
= Fo07 (b) 11475 (c) 15.197 (b) 1.896 (c) 1.974 al
®7 @0 ) w
5 .
@ / Lav (1609 @ / ¢tdx (e)19.718 @ /0 sinxdx (e)2 (€28
1 X -
25. (a) Area under the graph of f(x) = x> — 1 27. (a) Area under the graph of f(x) = sinx 29. (a) Area under the graph of f(x) = e* from
from2to5 from 0 to — 0to2
(b) 2 (b) w4
30 ®b) -8
v x
X
36
(c) ©1 (¢) 6.389
31. Using left endpoints:n = 2: 0 + 0.5 = 0.5; Using right endpoints:
n=4:0+0.125 + 0.25 + 0.375 = 0.75; n=205+1=15n=4:0.125+ 025+ 0.375 + 0.5 = 1.25;
10
n=10:0+ 0.02 + 0.04 + 0.06 + --- + 0.18 = ?(0 +0.18) = 0.9; =10:0.02 + 0.04 + 0.06 + --- + 020 = %(0.02 +020) = 1.1;
n = 100: 0 + 0.0002 + 0.0004 + 0.0006 + - -- + 0.0198 n = 100: 0.0002 + 0.0004 + 0.0006 + - - - + 0.02
100
= (0 +0.0198) = 0.99; = I;J (0.0002 + 0.02) = 1.01
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| 4
x—2 x+2 (x+2)2

19 22 2
. 34. .4x +2h + 3 36.
3 i fx) =log x; |:43 50 4:| 35. dx

L

Review Exercises (page 935)

1 1 6 3 28
1.9 2.25 3.4 4.0 5.64 . 2 7. 3 8. 7 9.0 10. 3 11. I 12. Continuous 13. Not continuous 14. Not continuous 15. Continuous

16. {x| -6 =x <2o0r2<x<50r5<x=6} 17 Allrealnumbers 18.1,6 19.4 20.f(—6) =2;f(—4) =1 21.4 22.-2 23.—00 24,00
25. Does not exist  26. No 27. Yes

28. R is discontinuous at x = —4 and x = 4. N 29. Undefined at x = 2 and x = 9; Rhasa hole at x = 2 and a
1 1 El vertical asymptote at x = 9.
lim R(x) = —= hole at | —4, — \ ymp
x——4 8 8
. . a y=0
lim R(x) = —o0; lim R(x) = oo: it
x—4 x—4"
The graph of R has a vertical asymptote at x = 4. =4
30. my,, = 12 3l.my, =0 32. my,, = 16
y y4 y
A A R
-t =x242v— 1
ror=2e sl g \ e @)
#_; \ 1/ x v/
S =x3+ 2 x
y=12v-2 1 (-1, -4l y=—4 e R (1)

33.-24 34.-3 35.7 36.—158 37.0.6662517653 38.(a)7sec (b) 6sec (c) 64 ft/sec (d) (—32¢ + 96) ft/sec (e) 32 ft/sec (f) Ats = 3sec
(g) —96 ft/sec  (h) —128 ft/sec  39. (a) $61.29/watch (b) $71.31/watch (¢) $81.40/watch (d) R(x) = —0.25x* + 100.01x — 1.24
(e) Approximately $8751/watch

43. (a) Area under the graph of

40. (a) 41. (a) yi 42.(a)
14 | 2 f(x) =9 — x*from —1to 3
(b)
] 10
X \ X
(b) 24 (c) 32 by 10 (¢) ¥ <136 (©102 \
@26 ()30 (H28 O @ 36 ¢ .
: ‘1 80
@ / (4—x2) dx (e)9 (d) / —dx (e)0.75 (©) =
i 1 X2 3
44. (a) Area under the graph of f(x) = e* from —1to 1 (b) v (¢) 2.35

IS
=

Chapter Test (page 936)
1. -5 2.% 3.5 4.-2 5.135 6.% 7.—1 8 -3 9.5 10.2 11.Limit exists;2

12. (a) Yes (b) No; li_)mlf(x) # f(1) (c) No; li)n}f(x) # f(3) (d)Yes 13.x = —7:asymptote; x = 2: hole

4
1
14.(2)5 15.() 16. / (=x?+5x+3) dr 17.35 fusee
(b)y=5—-19 5| 1
(© iy @) =4 -1 -3
%*71’* X
\
J o y=5x-19
\
% (b) 13.359
b 2Nty (¢) 47 ~ 12.566
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APPENDIX A Review

A.1 Assess Your Understanding (page A10)

1.variable 2.origin 3.strict 4.base;exponentor power 5.d 6.b 7.T 8T 9.F 10.F 11.{1,2,3,4,5,6,7,8,9}
13.{4} 15.{1,3,4,6} 17.{0,2,6,7,8} 19.{0,1,2,3,5,6,7,8,9} 21.{0,1,2,3,5,6,7,8,9}

23. 25. > 27.> 29.> 3. = 33 < 35x>0 37.x<2 39.x=1
-25 -1 o/ 3 5
025 41 2
4
41. . > 43. ¢ > 45.1 47.2 49.6 51.4 53.-28 55.g 57.0 59.1 61.5 63.1
-2 -1

65.22 67.2 69.x=0 7L.x=3 73.None 75.x=0,x=1,x=-1 7%.{x|x #5} 79.{x|x # —4} 81.0°C 83.25°C 85.16
1 8xz 16x”

4
87.— 89. 1 91.9 93.5 95.4 97.64x° 99, L 101. X 103.- —° 105.— 107.—4 109.5 111.4 113.2 115.\/5 117 1 119.10;0
16 9 y? y 9y 9y? 2

121.81 123.304,006.671 125.0.004 127.481.890 129.0.000 131.A =Iw 133.C=md 135.A = ?xz 137.V = %7773 139.V = %°

141. (a) $6000 (b) $8000 143.|x — 4| =6 145.(a)2 =5 (b)6>35 147.(a) Yes (b)No 149. No;% is larger; 0.000333... 151.No
A.2 Assess Your Understanding (page A19)

1
1. right; hypotenuse 2. A = Ebh 3.C=2zr 4.similar S5.c 6.b 7.T 8T 9.F 10.T 11.T 12.F 13.13 15.26 17.25
19. Right triangle; 5 21.Not a right triangle 23. Right triangle; 25 25.Not a right triangle 27.8in.>2 29.4in? 31.A4 =257 m’ C = 10w m

2
33.V =224 1t% S =232 ft> 35V = ﬁw cm®; S = 64 ecm? 37V = 6487 in.%; S = 3067 in.2  39. 7 square units 41. 27 square units
3

43.x = 4 units; A = 90°; B = 60° C = 30° 45.x = 67.5 units; A = 60°% B = 95°,C = 25° 47. About 16.8 ft 49. 64 ft*
51.24 + 27 ~ 3028 ft% 16 + 27 ~ 2228 ft 53.160 paces 55.About 5.477 mi  57. From 100 ft: 12.2 mi; From 150 ft: 15.0 mi

A.3 Assess Your Understanding (page A29)
1.4;3 2.x*—16 3.x*-8 4F 5F 6T 7F 8. add;% 9. quotient; divisor; remainder 10.a 1l.c 12.b 13.d 14.c

15. Monomial; variable: x; coefficient: 2; degree: 3  17. Not a monomial; the exponent of the variable is not a nonnegative integer

19. Not a monomial; it has more than one term  21. Not a monomial; the exponent of one of the variables is not a nonnegative integer

23. Not a monomial; it has more than one term  25. Yes;2 27. Yes;0 29. No; the variable of one of the terms is not a nonnegative integer

31. Yes;3 33.No; the polynomial of the denominator has a degree greater than 0 35.x% + 7x + 2 37.x° —4x> + 9x + 7 39.—2x> + 18x? — 18
41,15y — 27y + 30 43.x3 + x> —4x 45.x°+6x +8 472x2+9x + 10 49.x> — 49 51.4x> -9 53.x>+8x + 16 55.4x> — 12x + 9

57 —6x> + 12x — 8 59.8x> + 12x> + 6x + 1 61.4x> — 11x + 23; remainder —45 63.4x — 3; remainder x + 1 65. 5x> — 13; remainder x + 27

1 5 1
67.2x% remainder —x> + x +1 69.x* — 2x + E; remainder Ex + 5 71. —4x* — 3x — 3; remainder —7 73.x> — x — 1; remainder 2x + 2

75.x% + ax + a* remainder 0 77. (x + 6) (x —6) 79.2(1 +2x) (1 —2x) 8L (x+1)(x+10) 83 (x —7)(x —3)
85.4(x> —2x+8) 87Prime 89.—(x —5)(x+3) 9L3(x+2)(x—6) 93.y>(y+5)(y+6) 95 (2x+3)> 97.2(3x+1)(x+1)
99, (x = 3)(x+3)(x*+9) 10L (x —1)*>(x*> +x+1)% 103.x°(x — 1) (x +1) 105. (4x + 3)% 107. — (4x — 5) (4x + 1)
109. (2y —5)(2y —3) ML-Bx—1)Bx+1)(x*+1) 3. (x+3)(x—6) 15 (x +2)(x—3) 117 (3x—5)(W* —3x+7)
1M9. (x +5)(3x+11) 2L (x—1)(x+1)(x+2) 123 (x —1)(x +1) (x> —x+1) 125.25; (x + 5)* 127.9; (y — 3)?

2
129.%; (x - %) 131.2(3x +4) (9x + 13) 133.2x(3x +5) 135.5(x +3) (x —2)%(x + 1) 137.3(4x —3)(4x — 1)
139.6(3x — 5) (2x + 1)?(5x — 4) 141. The possibilities are (x + 1) (x = 4) =x> + Sx +4or (x £ 2)(x £ 2) =x? £ 4x + 4, none of
which equals x> + 4.

A4 Assess Your Understanding (page A34)

1. quotient; divisor; remainder 2. —3)2 0-51 3.d 4a 5T 6T 7.x%+x+4;remainder 12 9.3x% + 11x + 32; remainder 99
11 x* — 3x° + 5x% — 15x + 46; remainder —138  13.4x° + 4x* + x> + x% + 2x + 2: remainder 7 15.0.1x% — 0.11x + 0.321; remainder —0.3531
17.x* + x> + x> + x + 1;remainder 0 19.No 21.Yes 23.Yes 25.No 27 Yes 29.-9

A.5 Assess Your Understanding (page A41)

1. lowest terms 2. least common multiple 3.T 4.F 5.d 6.a 7i 9 X 11 il 13 y+s 15 3
oW : ple st & Sdha RT3 73 ra—1 T2+ 1) Usx(x-2)
2x(x% + 4x + 16 4 x —4)? x—2)(x+2 2(x2 =2
( TS PTG i) M e C e P ) 27. o
x+4 S5(x—1) 4x 2x — 3 x(x=2)(x+2) (x=6)(x—1)(x+4)
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2 2(2x% + 5x — 2) S5x + 1 x+1 —2x(x*—2) - 19 (x+1)(x—1)
Txm2)(x+2)(x+3) T (x-D2x+1)? Tx—1 T (x+2) (2 —x—3)  (3x—5)?2 T (£2+1)2
x(3x +2) (x+3)(3x—1) _ R R, 2
L(3x+1)2 8- (x2+1)? BTG RR) 5™

A.6 Assess Your Understanding (page A54)
1
5.equvalent equations  6.identity 7.F 8.T 9. add;% 10. discriminant; negative 11.F 12.F 13.b 14.d 15.{7} 17.{-3} 19.{4}

21.{%} 23.{—1} 25.(-18) 27.{-3} 29.(—16} 31.{0.5} 33.{2}) 35.2) 37.{3} 39.(0,9) 41.{0,9) 43.{21}
45.(-2,2) 47.{6} 49.{-3,3} 5L{-4,1} 53.{—1,%} 55.{—4,4) 57.{2) 59.No realsolution 6L.{—2,2}

63.{—1,3} 65.(-2,—1,0,1} 67.{0,4} 69.{—6,2} 71.{7%,3} 73.(3,4) 75.{%} 77.{72,%} 79.{7%2} 81.{—6)
83.{~2,-1,1,2} 85.{-6,-5] 87.{—%,2} 89.{-5,0,4) 9L{-1,1} 93.{—2,%,2} 95.{~5,5) 97.{—1,3} 99.{-3,0}

-1- -1+
101. 16 103.% 105. - 107. {—7,3) 109.{—1 3} 111.{ ! \ﬁ, ! \ﬁ} 13.2 - V2,2 +V2)

9 44 6 6
-V + -1- -1+ -V3- -V3+
115. {5729, ﬂ} 117. {1, é} 119. No real solution 121. { ! \[5, ! \/g} 123. { V3 \/r, V3 \/E}
2 2 2 4 4 2 2
. . . RiR, mv? S—a
125. No real solution 127. Repeated real solution 129. Two unequal real solutions 131. R = R +R 133.R = F 135.r = 5
1 2
—b+ Vb>—4ac —b— \Vb> — dac -2b  —b 1 1
137. + =" =_—" 139.k=——or—
2a 2a 2a a 2 2
b+ Vb*—4 b—Vb*—4
141. The solutions of ax> — bx + ¢ = 0 are 3 € and > 2 143.(b)

A.7 Assess Your Understanding (page A64)
1.T 2.5 3.F 4.real;imaginary;imaginary unit 5.F 6.T 7.F 8b 9.a 10.c 1.8 +5 13.—7+6i 15.—6—11i 17.6 — 18i

19.6 +4i 21.10 — 5i 23.37 25.g+§i 27.1 - 2i 29.%—;' 31.—%4—?1’ 33.2i 35.—i 370 39.—6 41.—10i 43.-2+2i
45.0 47.0 49.2i 51.5i 53.2\/3i 55.10V2i 550 59.{—2i,2i) 6L.{—4,4) 63.{3—2i,3+2i 65(3—i3+i

1 1.1 1, 1 2.1 2 1 V31 \@} ‘ . .
L= — i, — + = e = - =i, -+ —— {2, -1 - -1+ L {- -
67{4 i 41} 69 {5 <3 51} 71{ STk y i Bl V3i, -1+ V3i) 75.{=2, 2, —2i, 2i)

77.{—3i, —2i, 2i, 3i} 79.Two complex solutions that are conjugates of each other 81. Two unequal real solutions 83. A repeated real solution
85.2—-3i 87.6 89.25 91.2 + 3iohms 93.z +z = (a+ bi) + (a — bi) =2a;z — 7= (a+ bi) — (a — bi) = 2bi
95.z+w=(a+bi)+ (c+di)=(a+tc)+ (b+d)i=(a+tc)—(b+d)i= (a—bi)+ (c—di)=Z+w

A.8 Assess Your Understanding (page A72)

1. mathematical modeling 2.interest 3.uniform motion 4.F 5. T 6.a 7.b 8.c 9.4 = 7r% r = radius, A = area

11.A = s>, A = area, s = length of aside 13. F = ma; F = force, m = mass, a = acceleration 15. W = Fd; W = work, F = force, d = distance

17. C = 150x; C = total variable cost, x = number of dishwashers 19. Invest $31,250 in bonds and $18,750 in CDs.

21. $11,600 was loaned out at 8%. 23. Mix 75 1b of Earl Grey tea with 25 Ib of Orange Pekoe tea. 25.Mix 160 1b of cashews with the almonds.

27. The speed of the current is 2.286 mi/h. 29. The speed of the current is 5 mi/h.  31. Karen walked at 4.05 ft/sec. 33. A doubles tennis court is

78 feet long and 36 feet wide.  35. Working together, it takes 12 min.  37. (a) The dimensions are 10 ft by 5 ft. (b) The area is 50 sq ft.

(c) The dimensions would be 75 ft by 75 ft. (d) The area would be 56.25 sq ft.  39. The defensive back catches up to the tight end at the tight end’s 45-yd line.

2
41. Add 3 gal of water. 43. Evaporate 10.67 oz of water. 45.40 g of 12-karat gold should be mixed with 20 g of pure gold.

1
47. Mike passes Dan 3 mile from the start,2 min from the time Mike started to run. 49. Start the auxiliary pump at 9:45 aM. 51. The tub will fill in 1 hr.

53. Run: 12 miles; bicycle: 75 miles  55. Bolt would beat Burke by 19.25 m. 57. The dimensions should be 4ft by 4ft.
59. Set the original price at $40. At 50% off, there will be no profit. 63. The tail wind was 91.47 knots.

A.9 Assess Your Understanding (page A82)

5.negative 6.closed interval 7.—-5,5 8. -5<x<5 9.T 10.T 11.b 12.¢ 13.d 14.a 15.[0,2;0=x=2 17.[2,0);x =2
19.[0,3);0 = x <3 2L.(a)6<8 (b)-2<0 (c)9<15 (d)—6>—10 23.(a)7>0 (b)—-1>-8 (c)12>-9 (d)-8<6
25.(a)2x +4 <5 (b)2x —4<-3 (c)bx +3<6 (d)—4x—-2>—4

27.10, 4] 29.[4,6) 31.[4, o) 33.(— o0, —4)

L Y
L 7

4 6

C
|

i It
s
|
IS
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3.2=x=5 37.-3<x< -2 39.x =4 41.x < -3

C
|

ya Y
Ly v L L.

-3 -2 4 -3

[ . =

43.< 45.> 47. = 49.< 51. = 53.> 55 =

57 {x|x < 4} or (—00,4) 59. {x|x = —1} or [-1, c0) 61. {x|x > 3} or (3, 0) 63. {x|x =2} or [2, )
- hY L = —H
4 -1 3 - 2
2 2 4 4
65. [x|x > —7} or (7, 00) 67, {x x= 5} or (—oo,ﬂ 69. [x|x < —20) or (~ 00,-20) 71 {x = 5} or {5, Oo)
€ > < ] < > : >
-7 i =20 4
3 3
2 2 11 1 11 1
73.{x|3 = x = 5} or [3,5] 75.{x75x53}0r{7,3} 77 {x ——<x<—}or<——,7> 79. (x| -6 < x < 0} or (—6,0)
3 3 2 2 2°2
L | y: \
; : [ : < : ‘ '
5 3 3 i 1 -6 0
3 2 2
81. {x|]x < =5} or (—00, =5) 83. x[x = -1 1. 85 {xl x<§}or{l é) 87. {xx<—l}0r<—oo _l)
, : [xx = ~1) or [-1, 0) 143 Tror|33 : -
< L > L )
5 t r v ~—
B ! 1 5 _1
2 4 2
10 10
89. xx>? or {35 91. {x|x > 3} or (3, 0) 93.{x|-4 <x <4} (-4,4) 95 {x|x<—4orx>4);(—00,—4) U (4,0)
—f—— e —— D e
10 3 4 4 4 4

97.{x[0=x=1};[0,1] 99.{x|x < —Tlorx>2);(—c0o—1) U (2,00) 10L{x|-1 =x=1};[-1,1] 103.{x|x = —2o0rx=2};(-00,-2] U [2, )

0 1 -1 2 -1 1 -2 2

1
105. |x — 2| < > {x

%< x < %} 107. |x + 3| > 2; {x|x < =5orx > —1} 109.{x|x = -2} 111.21 < Age < 30 113.(a) Male = 82.3 years

(b) Female = 85.8 years (c) A female can expect to live 3.5 years longer. 115. The agent’s commission ranges from $45,000 to $95,000, inclusive. As
a percent of selling price, the commission ranges from 5% to 8.6%, inclusive. 117. The amount withheld varies from $133.10 to $183.10, inclusive.
119. The usage varies from 700 kW-h to 2700 kW-h, inclusive. 121. The dealer’s cost varies from $15,254.24 to $16,071.43, inclusive.

+b +b -2 b —
123. (a) You need at least a 74 on the fifth test. (b) You need at least a 77 on the fifth test. 125.4 2 —a=12 2 ? = > a>0;
+b +b 2b—a-b b-— +b
therefore, a < a . b—a2 = Za = 2a>0;theref0re,b>a . 127 (Vab)? —a®>=ab —a®> =a(b —a) > 0;
thus (Vab)? > a*>and Vab > a.b* — (Vab)?> = b> — ab = b(b — a) > 0; thus b> > (Vab)?and b > Vab.
2ab b—a* a(b—a 2ab _b*—ab b(b—a
2o —a= 20 o=@ ) shsa bon=p o 2 P mab DT <,
a+b a+b a+b a+b a+b a+b
. a—>b a b 1 1 1 1 1
131.Since 0 < a < b,thena — b < 0 and <0. So— — —<0,0or — — — < 0.Therefore, - < — And 0 < —because b > 0.
ab  ab b a b a b

A.10 Assess Your Understanding (page A91)

3.index 4.cuberoot 5.b 6.d 7Zc 8c 9.T 10.F 1L3 13.-2 15.2V2 17.-2xVx 19.x°? 2Lx% 23.6Vx 25.3x%°V2x
27.6x\Vx 29.15V/3 3L.12V3 33.7V2 35.V2 37.2V3 39.-V2 4Lx-2Vx+1 43.(2x—1)V2x 45 (2x — 15)V2x

vV 5+V2)\V3 — 3 T h =2V +
47— (x + 5y) YV 2xy 49.ﬁ s Y15 g ) 55. 8VS - 19 57.5V2 +5 59.5\/Z 61, 2 T2V rah 63.{2}
2 5 23 41 2 h 2
1 V2 21V2 1 25 ; x4
_ 2 sl ve sl v e L 9 /12 2 2/3
65.(3] 67.4 69.—3 TL64 T3.oo T5T= TLTo= T9.—o 8L 83077 8507 8.0y 89, 0 91.1.41 93.1.59
3x +2 x(3x% +2) 2x+5 2+ x 4 —x 1
95.4.89 97.2.15 99. 1. 103. 105. 107. 109.
(1+x)"? (x* + 1) 10Vx — 5V4x + 3 2(1+x)3 (x +4)32 22 -1)”
1 —3x2 1
m.— Lo 13- (5x +2) (x + 1) 115.2x2(3x — 4) (x + 1) 117 (x> + 4)' A (11x% + 12) 119, (3x + 5) '3 (2x + 3) Y2 (17x + 27)
2Vx (1 + x2)? 2
3(x +2)
121. o 123. (a) 15,660.4 gal (b) 390.7 gal 125. 2V2m ~ 8.89 sec
X
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APPENDIX B The Limit of a Sequence; Infinite Series
Assess Your Understanding (page B7)

1
1.a 2.infinite series 3.converges 4.True S5.converges;2 7.diverges 9.converges; 5 11. converges; 0 13. diverges

4 13 40 121
15. converges; 0 17.converges; 3  19.converges;4 21.converges;1 23.diverges 25.diverges 27 diverges 29.1, -, — -, ——

31.1,3,6,10,15 379727 81
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